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SUMMARY

Part 1
HOMOGENEOUS REACTOR EXPEBRIMENT

The over-all construction for the
HRE is approximately 60% complete as
of August 15, 1951. The final re-
visions of HRE designs are nearing
completion, and significant research
and development progress has been
made as summarized below.

Corrosion. Scouting Studies. An-
odic and cathodic treatments of type
347 stainless steel during nitric and
chromic acid "passivation" have been
investigated in an effort to improve
the corrosion resistance of the film
produced.  The results were negative
in that the films produced without
anodic or cathodic treatment were
better than those produced with the
treatment. The criterion used was
the time required for film breakdown
when exposed to a 100°C solution con-
taining 30 g of uranium per liter
which was 0.2 M in KCl. An interest-
ing observation made in the course
of these studies was that film re-
sistance was improved by a 48-hr
exposure under these conditions.

An investigation of the relation
between oxygen concentration and
solution stability and corrosion in
the uranyl sulfate solution-type 347
stainless steel system has been be-
gun. Sufficient data for valid eval-
uation have not been obtained thus
far, primarily because of questions
introduced by impurities in the uranyl
sulfate used.

Static Tests. Some studies of the
structure of the pretreatment film

obtained on type 347 stainless steel
and factors affecting it were begun.
When a specimen is given the nitric
acid pretreatment in a newly machined
bomb, at the end of a 24-hr exposure
it is covered with a lustrous film
about 1 © thick. In the case of
pretreatment in an .old, chemically
cleaned bomb which had previously been
exposed to a number of pretreatments
and alse to U0,S0, solution, the
resultant film 1s dull gray in color
and about 3 © in thickness. Micro-
scopic. examination of the films in-
dicates that a*Fe,0, is the basic
constituent with a possibility of
Cr,0; also being present. A two-
layer effect was also observed, the
substrate layer appearing almost
structureless while the outer layer
contained fairly large and uniform
crystallites. This outer layer had
sloughed off in numerous areas, sug-
gesting that the protection is ac-
tually related to the substrate layer.
Other investigations into the effects
of etching specimens before pre-
treatment indicated that samples
which had been etched tended to pit
during pretreatment and that the
film did not cover these pits. The
films on the etched samples also
seemed to be slightly more ferro-
magnetic than those from the unetched
specimens.

The corrosion resistance of 1%
nitric acid-pretreated type 347 stain-
less steel appears to be a straight
line function of uranyl sulfate con-
centration in the range 0.17 to 0.86
. Indicated corrosion rates for
these respective concentrations were
0.01 and 0.06 mpy, based on 1ll-week

exposures, :
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It appears that the minimum tri-
sodium phosphate concentration neces-
sary to reduce corresion attack (to
less than 1 mpy) by water on SAE 1030
carbon steel, coupled and uncoupled
with type 347 stainless steel, 1is
in the range 300 to 400 ppm.

Dynamic Tests. The necessity of
the presence of dissolved oxygen in
the uranyl sulfate solution to assure
solution stability 1in a type 347
stainless steel system at 250°C ap-
pears quite well established. Pre-
liminary indications are that the
nitric acid pretreatment has noeffect
on corrosion rate, as estimated from
nickel concentration build-up in the
solution during operation, provided
oxygen 1s present. It appears, how-
ever, that an oxygen pretreatment,
in effect, 1s required since it has
been observed that higher oxygen con-
centrations are required to stabilize
the solution in a system which has
had no previous exposure than in a
system which has been previously ex-
posed to oxygenated uranyl sulfate
for some period of time. The function
of the oxygen in limiting corrosion
has not yet been determined; one
possible mechanism might involve. the
prevention of the existence of iron(II)
in the solution.

Substantially accelerated corro-
sion has been observed in high flow
areas. Whether this is caused by
film failure or imability of the film
to form under high flow conditiouns
1s not clearly established.

Radiation Stability. Five bombs
irradiated for %5 days in the ORNL
graphite reactor disclosed no delete-
rious effects in comparison with
shorter term irradiations. The solu-
tion appears stable, and the corro-
sion rate appears no greater tham in

the case of either short irradiation
experiments or out-of-pile corrosion
tests. The percent of uranium re-
covered as soluble uranium was not
as great (average of five, 78%) in
the 95-day exposures as in the 5-day
exposures (average of three, 90%).

A series of out-of-pile tests gave
no evidence that oxygen pretreatment
added significantly to the protection
afforded by the use of oxygen during
the test run. This observation is
not in conflict with the statement
appearing elsewhere in this report
(see section on corrosion) that oxy-
gen pretreatment reduces the required
oxygen partial pressure to maintain
stability. In each test of this
series the oxygen partial pressure
was greater than the minimum require-
ment for stability.

A second experiment was conducted
in the LITH at power levels up to
1 mw. Mechanical difficulties ter-
minated the experiment and dictated
the necessity of redesigning the
apparatus.

The gas yield for the reflector
has been measured using light water
containing small amounts of corrosion
inhibitors. At the full flux of hole
12 in the ORNL graphite reactor solu-
tions of 250 to 500 ppm of trisodium
phosphate gave 0.75 + .05 hydrogen
molecules per 100 ev with steady-
state pressures of less than 100 psi

at 100 to 140°C.

Engineering Component Studies.
Mechanical Aspects of Soup Test Loops
and Pumps. The Model 100A Westing-
house pump modified with Stellite
98M2 journals, improved thrust pads,
and tantalum seal rings are expected
to give a minimum of 3000 to 4000 hr
of trouble-free operation, providing

2 s



the seal rings continue to operate
satisfactorily. The metal bearings
appear to be just as satisfactory,
but less operating experience has
been accunulated.

A double-discharge pump showed a

radial load 1/2 to 1/3 that of a
single-discharge pump. The double
discharge induced undesirable vibra-
tions in the pump.

Soup recirculating test loops have
shown that:

1. By using a bypass of 0.5 gph
from the top of the pressurizer
to the rear of the pump rotor
cavity, solution stability can
be maintained with 50 psi {meas-
ured cold) of oxygen pressure
in the pressurizer.

2. Without this bypass, 300 to 500
psl oxygen pressure 1is required
in the pressurizer.

3. An oxygen concentration as low
as 20 ppm has maintained solu-
tion stability.

4. Acid etching and passivation
is not required; however, loops
must 'be clean and free of grease,

Operation of the HRE Mock-Up. The
system for removing gas from the HRE
core operates satisfactorily with the
following limitations:

1. The liquid flow from the Pulsa-
feeder pump must be kept greater
than 0.8 gpm. Since the normal
output 1is 1.5 to 1.6 gpm, the
condition is met except in the
case of gas binding, which 1is
still under investigation.

FOR PERIOD ENDING AUGUST 15, 1951

2. The level control system must
be maintained in proper adjust-
ment.

The performance of the soup pres-
surizer is rather 'sluggish, as: the
response to system pressure changes
is slow. :

The HBE soup off-gas recombiner
system operates satisfactorily at
steady flows between 1 and 15 scim.
However, when the flow rate israpidly
reduced to 1 scfm, the gas flow to
the burner is stopped long enough
to cause a flashback from the burner
to the condenser, where the flashback
i1s extinguished.

Mixing in the HRE Core. Mixing
characteristics of the HRE core have
been studied. Should stagnant re-
gions limit operating power and tem-
perature, core baffles can distribute
the flow properly. The arrangement
and construction of optimum baffles
are specified. '

Recombination of Hydrogen and Oxy-
gen. Pilot plant testing of the HRE
recombiner system has been continued
with a series of runs designed to
determine the efficiency of recom-
bination and the temperature distri-
bution over the catalyst bed with and
without steam in the inlet stream.
Conclusions were that the full flow
of cooling water to the burner chamber
shell should be maintained at all
gas flow rates and that about 0.5
cfm of steam should be added on the
inlet side of the catalytic recombiner.

Three pilot plant tests at high
flow rates (16, 19, and 28 cfm, re-
spectively) gave satisfactory per-
formance although the vaper tempera-
ture in the off-gas line was 774°C
at 28 cofm.
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An experimental two-stage catalytic
recombiner has been operated giving
better than 99.99% over-all conver-
s1on.

A study of the efficiency of metal
tubes indicates that large-scale
catalytic recombination on copper
may be feasible. Approximately 15 sq
ft of copper surface is capable of
converting 1 cfm of electrolytic gas
at an operating temperature of 440°C.
A V,0,-A1,0, catalyst gave poor re-
sults,

The violence of implemented ex-
plosions in a typical loop test pres-
surizer unit emphasize the hazard
involved in high-pressure loop tests

employing hydrogen-oxygen mixtures.

Two experiments with the high-
pressure catalytic recombiner for the
reflector system indicated satis-
factory performance.

The efficiency of a trap packed
with stainless steel turnings for the
removal of ilodine frow thes gas stream
has been demeonstrated.

Chemical Comtrol. The determina-
tion of density wusing the eslectro-
magnetic densitometer appears to be
feasible on the basis of laboratory
testing. The first of three Prince
Densitrol Instruments has been re-
ceived and most of the effort 1s now
being directed towards the cowpletion
of the testing of this unit.

Development work on Q-coil ceram-
ics, glazes, and gasketing is comn-
tinuing.

Optical spectra of slow-neutron
absorbing optical glasses have been
measured before and after exposures
in the OBNL graphite pile.

N

Physics. Some further criticality
calculations have been performed,
mainly aimed at determining the fea-
sibility of a light-water reflector.
Light water is less favorable on
several points than heavy water, but
there are no insurmountable diffi-
culties.

A stability analysis (linearized)
has been made for the current design
(8/15/51). An unexpected imstability
of the pressurizer system appeared,
whereby the presence of delayed neu-
trons induce oscillations of the
liquid level in the pressurizer.
Steps are being taken to correct this
difficulty.

Some general work has been domne
on the mechanism of damping of power
surges by the delayed neutrons and
the calculations of power surges
induced by reactivity changes. An
attempt has been made on this point
to include the effect of the inertia
of the fluid in the pressurizer pipe.
No additional effects (except the
previously noted instability) of
prantical importance are found, and,
aside from some easily met require-
ments on the pressurizer design,
previous 1mpressions of stability
against large changes in reactivity
are confirmed.

Controls. Minor changes have been
made in the control scheme, and
progress is being made in the de-
velopment of monitoring devices.

Part II
ALTERNATE SYSTEMS
Solution Chemistry. The selubilivy

of UO; is orthophosphoric acid solu-
tions at 250°C has been mecasured as



a function of phosphoric acid con-
centration. From the solubility data
and capture cross-sections it appears
that such solutions would be feasible
for an enriched reactor but marginal
for a natural uranium machine.

A survey of the uranyl carbonate-
carbon dioxide-water system indicates
insufficient solubility for use at

250°C.

Development and construction of
apparatus for the study of vapor
pressures over a wide temperature
range has been completed, and the
measurements at high temperatures on
uranyl sulfate solutions are under
way.

Work is also under way on the
electrical conductivity of soluticuns
over a wide temperature range.

Corrosion. Static tests on tita-
nium (not pretreated) in 0.17 ¥ UO,S0,
at 250°C contained in 1% HNO;-pre-
treated type 347 stainless steel
bombs continue to give uniformly
good results.

Static tests on zirconium (wiph
5% tin addition) continune to show
improved corrosion resistance over
regular Bureau of Mines zirconium on
exposure to 0.17 # U0,S0, solution in
1% HNO; -pretreated type 347 stainless
steel bombs.

Static tests with UO,F, solutions
in stainless steel bombs still give
erratic results with ho particular
pattern discernible thus far. A
number of successful tests have been
run, but a high percentage of failures
does not allow any conclusions to be
drawn.

FOR PERIOD ENDING AUGUST 15,‘1951

Radiation Damage. Studies of the
gas production from uranyl sulfate,
uranyl nitrate, and uranyl fluoride
solutions are under way. An acid
gas formed in the irradiation of
uranyl sulfate solutions has been
shown to be CO, arising from an im-
purity in the salt. JIrradiations
with cobalt gamma source failed to
yield any measurable S0, from 0.4 ¥
H,50, or 1.24 # U0,S0,.

The nitrate icn in uranyl nitrate
solutions appears to decompose yield-
ing nitrogen gas.

A survey of the corrosion of ti-
tanium and zircenium in solutions
of uranyl nitrate, uranyl sulfate,
and uranyl fluoride indicated excel-
lent behavior of the titanium toward
the sulfate. In each of the other
combinations some deleterious effects
were noted.

The kinetics of the noncatalytic
reduction of uranyl ion by hydrogen
gas and of the oxidation of UO, in
dilute acid scolutions by oxygen gas
are under study. Such knowledge may
be of use in understanding and ex-
plaining the recombination reaction
encountered in radiation tests.

Type 347 stainless steel tubes
which had been used in irradiation
experiments show no evidence of hy-
drogen embrittlement.

Slurry Fuel Studies. Considerable
effort has been devoted to the pre-
liminary steps of setting up an ex-
panded program on slurry preparation
and study.

A slurry of UO, containing 300 g
of uranium per liter stabilized with

— A



bentonite was found unstable, settling
very rapidly, after being heated for
24 hr at 250°C. A uranium dioxide
slurry, upon being boiled under an
atmosphere of oxygen, gave indica-
tions that the uranium is oxidized.
Magnesium uranate and magnesium d1i-
uranate slurries were prepared, but
both were found unstable on being
heated at 250°C.

A slurry circulating loop is under
construction in which the effect of
pumping on particle size will be
studied and observations will be made
on erosion, power requirements, and
heat transfer.

Part IIL
LONG RANGE STUDIES

Fission Product Solubilities. The
solubilities of ytirium sulfate,

barium sulfate, and cerous sulfate,
respectively, in uranyl sulfate solu-
tions have been measured over the
temperature range of approximately
100 to 350°C. The solubilities of
cerous sulfate and lanthanum sulfate
in water over the same temperature
range have also been determined.

Chemical Processing. A chemical
processing scheme for a uranyl sul-
fate-D,0 homogeneous reactor is pro-
posed, anda discussion of the factors
involved is given. The scheme 1s
designed to limit the Pu?*® content
of 2% of the total plutonium in a
reactor operating at 250°C and pro-
ducing 2000 g of plutonium per day.

The solubility of plutonium in
uranyl sulfate solutions has been
measured and found to be very low.
The implications of these results with
reference to chemical processing are
discussed.
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1. CONSTRUCTION OF HRE

5. E. Beall,

D. T. Jones

Leader
J. W. Hill

J. J. Hairston

Construction work on the Homogene-
ous Reactor Experiment is approxi-
mately 60% complete as of August 15,
1951, The status of various phases
of the reactor is given below.

D,0 System. The D,0 system is
complete except for the installation
of three equipment items: (1) the
high-pressure gas recombiner, (2) the
low-pressure gas recombiner, and
(3) the Pulsafeeder pumps. Fabri-
cation of the recombiners should be
accomplished by September 15, and
delivery of the Pulsafeeder pumps is
expected during September. The low-
pressure piping has been pressure
tested at 500 psi; the high- pressure
system will be tested at 2000 psi be-
fore September 1.

A Triplex piston pump is being
installed temporarily in lieu of
Pulsafeeder pumps so that the entire
system can be operated for component
testing. This testing involves meas-
urements of pressure drops, capaci-
ties, and flow rates in various equip-
ment pieces and calibration of in-
struments. Such experimental work
in the heavy-water system is expected
to continue through September.

Figures 1.1 and 1.2 show the D,0
cell and the reflector pressure
vessel.

Fuel System. Effort on the soup
system has been devoted entirely to
fabrication of components. Compo-

nents completed include condensate
weight tanks, inner dump tanks, outer
dump tanks, soup condensers, and
cold traps. Remaining to be fabri-
cated are the letdown heat exchanger,
flame and catalytic recombiners,
charcoal adsorbers, soup pressurizer,
and reactor sphere. Although the
erection of piping in the soup system
has just begun, completion is expected
before November 1. ~

Steam System. The steam system
has not been started because delivery
of the turbine generator is not ex-
pected until November. However, the
construction schedule calls for com-
pletion of piping fabrication by that
time, and start-up of the reactor
should not be delayed if the November
delivery date 1s met. '

Shield. One wall of the shield
structure has been completed and
another has been begun. Construction
of the shield necessarily follows the
installation of cell equipment and
therefore will probably not be com-
pleted before December 1. Figure 1.3
shows the shielding status as of
August 1.

Instrumentation and Control. This
phase of the job is 60 to 75% com-
plete. - Wiring of the console and
control relays has been finished, as
has that portion of the instrumenta-
tion associated with the D,0 system.
Figure 1.4 is a recent photograph of
the control room.

S o
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Fig. 1.4 -

WELDING AND INSPECTION OF WELDS
IN THE FUEL SYSTEM

The necessity of high-quality
welding in the fuel system, a portion
of which operates at 1000 psig and
250°C, has led to extraordinary weld-
ing and inspection practices. All
joints are made by the Heliarc method
to rigid specifications which allow
no defects such as incomplete or over

FOR PERIOD ENDING AUGUST 15, 1951

OFFICIAL USE ONLY
PHOTO 8416

Control Room.

penetration, gas pockets, cracks, or
oxidation of the metal. Special
procedures have been set up to insure
the proper qualification of the weld-
ing operators, and a full-time welding
inspector is employed to see that the
procedures are followed. 1In spite
of the fact that the welders are
highly skilled, roughly 50% of the
jJoints must be repaired before the
acceptance tests are passed. The

S °
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program of inspection 1is outlined

below:

I.

II.

I1I.

14

Analysis of Welding Rod, Pipe,
and Fittings

A.

Welding rod -~ each package
sampled fow wet chemical
analysis.

Pipe - each length sampled
for spectrographic analysis.

Fittings -~ samples of each
size fitting received in
one shipment from a partic-
ular vendor submitted for
spectrographic analysis.

Inspection of Welding Process

A.

Certified welding inspec-
tor observes preparation
and welding of each joint.

Nondestructive Testing of Fin-
ished Welds

Visual examination - boro-
scope and magnifying glass.

For minute surface imper-
fections -~ Dychek penetrant
applied; no cracks or pin-
holes allowed.

X-ray or y-ray examination -
welds may be rejected be-
cause of incomplete pene-
tration, over penetration,
cracks, pinholes, slag, or
gas pockets; for the high-
pressure fuel system any
defect is cause for rejec-
tion.

D. Hydrauliec testing - system
filled with water and pres-
sure raised to double the
normal operating pressure.

E. Helium leak testing - sys-
tem evacuated and probed
for leaks with Westinghouse
helium leak detector.

"IV. Quality Control Samples
A. Source of samples -

1. Each welder to prepare
quality sample after
making each ten process
welds.

2. One joint per welder
per week to be cut out
of process line.

B. Destructive tests required -

1. Tensile - strength not
less than 95% of base
metal.

2. Free and root bends -

no visible defects after
bending through 180°.

3. Metallographic examina-
tion - no cracks per-
missible; ferrite not
to exceed 10%.

4. Corrosion testing -
boiling nitric acid
according to A.S.T.M,
specification; uranyl
sulfate at 250°C.

A detailed description of the weld-
ing, inspecting, and testing procedures
is given in an undocumented paper
entitled Welding and Inspection Tech-
niques in the Fabrication of HRE Fuel
Systen. Copies are available for
distribution to AEC installations
upon request.
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2. DESIGN PROGRESS

W. R. ‘Gall, Leader

F. C. Zapp

C. W. Day

C. L. Segaser
W. Terry

R. B. Chapman

R. L. Cauble

A. F. Strauchman
R. W. French

J. D. Maloney

L. Cooper

T. H. Thomas

Design progress during this quar-
ter includes completion of fuel cell
and steam generation cell piping
drawings and details of fuel dump
tanks, evaporator, condensate tanks,
low-pressure cooler, and Pulsafeeder
pump installation drawings. Final
designs of catalytic recombiners for
the reflector and fuel systems are
now complete.

Flow Diagram. Figure 2.1 shows a
simplified flow diagram of the process
for the HRE. The only changes of
importance in the diagram during this
quarter are the following:

1. A high-pressure catalytic re-
combiner has been added to the
reflector gas system. A liquid
jet in the circulating reflector
stream will be used to aspirate
approximately 0.3 cfm of gas
from the reflector vessel through
a chamber containing approxi-
mately 2 1b of platinized alu-
mina. The gas will return to
the vessel mixed with the
liquid stream as shown.

2. Provision has been made to ad-
mit oxygen to the fuel system
in accordance with recent cor-
rosion research findings.

3. A cooler has been added to cool
the fuel solution flowing from
the dump tanks to the feed pump.

Its purpose is to prevent boil-
ing of water and soup in the
Pulsafeeder head during the
suction stroke and to reduce the
amount of gasses coming out of
solution in the feed pump.

Sampler. Design layouts are near-
ing completion for a method of re-
moving samples of fuel solution, and
possibly gas, from the high-pressure
circulating fuel system. The pro-
cedure planned for obtaining a sample
is as follows:

1. A small high-pressure stream
will beallowed to bypass through
a 30-cc chamber unti)l complete
purge has been accomplished.

2. Valves will be closed, isolating
the small volume in the chamber
from the main system,

3. The chamber will be cooled to
room temperature and vented to
a pressure less than atmospheric,

4. By remote techniques the chamber
will be opened, a 0.5-ml pipet
will be inserted and filled,
and the pipet will be placed in
a shielded carrier for removal.
The chamber will be closed im-
mediately after the pipet is
placed in the carrier.

15
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Access to the sampler will be from
above, through the roof of the main
heat-exchanger compartment. All
handling of the pipet, carrier, and
chamber cover will be done by remote
handling tools permanently installed
in a shield plug. Special double
valves are being developed which are
hydraulically operated from a remote
location. If a valve leaks during
the sampling process, leakage will
be into a space between valves which
is vented to the dump tanks. Figure
2.2 illustrates schematically the
arrangement of equipment for the
sampling process.

Insulation. Insulation of high-
temperature and refrigeration equip-

NOT GLASSIFIED
DWG. 12989

MANIPULATOR

VENT

Fig. 2.2 - Sampling Equipment
Arrangement. :
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ment and lines inside the reactor
shield has been selected. 1In the
fuel, reactor, and heat-exchanger
compartments Foamglas as produced by
Pittsburgh Corning Corporation will
be used. This is a rigid cellular
glass insulating material containing
minute separate hermetically sealed
cells, each filled with dead air. 1In
the event of spills of radioactive
materials on this insulation the
amount absorbed will only be that in
the cells at outer surfaces of the
material which may be decontaminated
by washing.

Equipment and lines in the re-
flector compartment and on outer
surfaces of the shield will be in-
sulated with 85% magnesia, except
refrigeration equipment which will be
covered with cork in these locations.

Pressure Drop in Soup Circunlating
System. Calculations made on the
soup circulating system indicate a
total pressure drop which is below
the available head of the soup cir-
culating pump at an assumed flow rate
of 100 gpm. The largest single pres-
sure drop (~61% of the toral) occurs
in the soup heat exchanger. An ex-
perimental determination of the pres-
sure drop in the heat exchanger was
made with water at 70°F. When this
value wascorrected for the difference
between this temperature and the
operating temperature 1t agreed well
with calculated values previously
obtained.

Inasmuch as the total pressure
drop in the system 1s less than the
avallable head of the circulating
pump at 100 gpm (assuming the experi-
mental value of the pressure drop)
1t is likely that flows in excess of
100 gpm will be obtained.
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Removal of Heat from Core After
Shutdown. Calculations have been
per formed to determine the possibility
of dissipating the heat generated in
the core after shutdown if the soup
remains in the core both with and
without the soup pump or D,0 pump in
operation.

For long periods of shutdown during
which 1t 1s desired to leave the
soup in the core, the heat exchanger
will be allowed to function and the
steam generated will be bled off to
the main condenser.

For shutdown periods which are
less than 1.6 hrit 1s safe to utilize
the heat capacity of the exchanger
and the water which it contains to
absorb the heat being generated in
the soup. This requires soup cir-
culation but allows the steam valve
to be closed.

In the case of any shutdown which
makes the soup circulation pump in-
operative, the sonp will be dumped
and not be allowed to remain in the
core. This reguirement 1s a result
of a study of the steady-state heat
transfer through the core wall, D,0
reflector vessel, and insulation.
The value obtained was of the order
of 1500 Btu/hr, which is 40 to 50
times smaller than the rate of heat
generation, This indicates that the
heat generated would be used to first
heat the soup and then to vaporize it
1f the soup were left in the core
with no circulation of the soup. The
increase 1n pressure that would re-
sult from this vaperization was cal-
culated and found to be prohibitive.
Calculations indicated that 43 min
after shutdown 10% of the soup wounld
be vaporized and the pressure wonld
be ~3000 psi in the core. The neces-

sary steps have been taken to insure
that this situation can never occur.

FPregsure Drop im D,o Circulating
System. The calculated value of the
pressure drop in the D,0 circulating
system is 57 psi at 30 gpm, which
checks well with some experimental
ruans made on the system. The per-
formance curve of the pump indicates
~22 gpm. This 1s somewhat lower than
previons estimates, which were based
on the assumption of a somewhat lower
pressure drop in the D,0 cooler.
This flow rate is not atall eritical,
however, and a flow of 22 gpm 1is
guite adeguate. If, at any time,
larger flow rates should be desired
this can be easily accomplished by
split flow in the D,0 cooler or re-
duction of the D,0 cooler size since
its heat-transfer area 1s at least
four times as large as the minimum
required for the desired amount of
cooling.

Stress Apalysis of Core Tank. An
estimate has been made of stresses
induced in the shell of the core tank
due to forces exerted by pipe connec-
tions to it when differential thermal
expansion occurs. Without any rein-
forcement at pipe connections, a
stress of 24,600 psi may be induced.
It is planned to add reinforcement
around these connections to reduce
this stress to a safe value.

Low-Pressure D20 Catalytic Re-
combiner. For design purposes, op-
erating conditions of the reflector
are aasumed to be 1000 psia and 175°C,
with a 5% by volume maximum concen-
tration of dissociated D, and O, gas
mixed with helium and D,0 vapor above
the reflector. It is also assumed
that all dissolved gases will come
out of solution when the reflector

at



From solubility curves
Katz, et al.,

is dumped.
correlated by Smith,
the amount of each gas may be com-
puted as

0.286 ft3 of He
1.02 ft2 of O,
2.015 ft® of D,

Assume all the recombinable gases

are recombined in 10 min, as this 1is

FOR PERIOD ENDING AUGUST 15, 1951

the basis of the design of the D,0
off-gas condenser.  Therefore the
rate of recombination is fixed as
0.3 ft3*/min. The catalyst bed is
made approximately 5 in. deep with a
velocity of 1.5 ft/sec through the
recombiner. This fixes the cross-
sectional area necessary for the
desired flow. A 2-in. Schedule 40
pipe will be sufficient for the re-
combiner. The pressure drop across
the catalyst is negligible.
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3. CORROSION

E. G. Bohlmann, Leader

C. Griess
L.. English
Reed

R. Olsen
H. Wheeler

B e

w

SCOUTING STUDIES

Anodic and Cathodic Treatment of
Type 347 Stainless Steel During Pas-
sivation with Nitric or Chrowmic Acid
Solutions (M. H. Lietzke). The type
347 stainless steel to be used in the
homogeneous reactor experiment can
be passivated by heating in either
1% HNO; or 2% CrO; solution at 250°C
for 24 hr. Since either treatment 1is
believed to produce a passive oxide
film on the surface of the steel it
seemed of interest to determine
whether anodic treatment of the steel
during either of the passivation
processes mightnot produce a superior
passive film. In addition, cathodic
treatment during passivation was also
investigated,

Specimens of type 347 stainless
steel freshly passivated in either
the HNO, or CrO; solutions show a
potential greater than 700 mv more
positive than the saturated calomel
electrode (S.C.E.) when immersed in
a 0.13 f U0,S0, solution (corre-
sponding to 30 g/liter uranium).
The potential becomes somewhat less
positive when the passivated steel
specimen 1s maintained at 100°C in
the U0,S0, solution under reflux
conditions. As long as the film 1is
intact, the curve obtained by plotting
potential vs. time does not show any
sudden breaks. However, 1f sufficient

H. Gross
G. Heisig
A. Lorenz
C. Savage
H. Lietzke

ZITTWO S

KCl 1s added to the uranyl sulfate
sclution, the potential of the pas-
sivated steel with respect to the
S.C.E. may suddenly become much less
positive, indicating failure of the
passive film. The length of time
before sudden breaks are observed
in the potential vs. time curve when
the uranyl sulfate solution at 100°C
is made 0.2 M in KCl 1is taken as a
measure of the quality of the pas-
sivated film being studied. The
potential 1s measured using a vi-
brating reed electrometer and re-
corded by a Brown recording potenti-
ometer.

It was observed in the first ex-
periments that HNOy—passivated speci-
mens failed almost immediately when
placed directly in uranyl sulfate
solution 0.2 ¥ in KCl. However,
the passive films appeared much more
resistant to the Cl when they were
maintained in contact with the U0,SO,
solution at 100°C for 48 hr prior to
the addition of the KCl. Hence all
specimens used in subsequent experi-
ments were subjected to this prelim-
inary treatment before KCl was added
to the solution. The actual changes
that occur in this film during this
"conditioning" period are being in-
vestigated further.

Figure 3.1 shows the potential
vs. time curves obtained with speci-
mens of nitrate-passivated type 347

" —_——
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Fig. 3.1 - Effect of Anodic Treatment of Type 347 Stainless Steel at
Various Current Bensities During Passivation in 1% HNO,.

stainless steel. The initial de-
crease in potential probably cor-
responds to the removal of oxygen
from the passive film. When the
Cl” was added (as KCl dissolved in a
small amount of U0,SO, solution),
some oxygen was also introduced into
the system which caused the sudden
humps in the curve. As far as the
curves were followed after the ad-
dition of the KCl no breaks were
observed in the case of the speci-
mens given no anodic treatment or
anodized at 0.0021 amp/ft? during
passivation. However, these specti-
mens failled immediately if they were
not "conditioned”™ in the UOQO,S0,
solution before the addition of the
chloride. The specimen given anodic
treatment at 0.021 amp/ft? failed
3 hr after the addition of the KCl,
even though it was previously "con-
ditioned" in the U0,50, solution.

Figure 3.2 shows the effect of
anodic treatment of type 347 stainless
steel at various current densities
during passivation in 2% CrO, solu-
tion. The specimen that received no
anodic treatment lasted for over
62 hr before it failed. The length
of time the anodized specimens re-
mained "good" decreased with 1in-
creasing anodic current density
during passivation. Hence 1t appears
from these experiments that the
passive film produced on type 347
stainless steel anodized in 2% CrO,
at 250°C is inferior to that produced
under the same conditions but without
anodic treatment. The potential of a
specimen passivated in 2% CrO; solu-
tion without anodic treatment was
followed for 426 hr while the speci-
men was immersed in refluxing UO,S0,
solution. During this time the
potential decreased to +80 mv vs.
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at

Variowns Current Densities During Passivaliion in 2% Cro, Solution,

S.C.E. The potential dropped to
+80 mv in about 300 hr, then maintained
this value for the duration of the
experiment.

Cathodic treatment of the steel
was also tried in both the nitric
acid and chromic acid solutioens.
Even though the specimens were "con-
ditioned"” in U0,S50, solution they
failed immediately upon the addition
of KCl1 to the solution.

From these experiments it appears
that the passive films produced with-
out anodic or cathodic treatment are
superior to those produced with the
treatment. The film produced in
nitric acid suffers a much sharper
initial decrease in potential than

22

does the chromic acid film. However,
after 300 hr the film produced im
nitric acid still has a value of
+200 mv vs, S.C.E., while the film
produced in chromic acid shows a
potential of only +80 mv. The film
produced by the nitric acid i1s more
resistant to chloride attack than is
the film producedby the chromic acid.
If resistance to chloride attack is
takenas a criterion of the protective
character of a film, then the film
produced by the nitric acid appears

superior to the film produced by the
chromic acid.

ELlectrochemical Corrosion Studies
(J. C. Griess). A series of experi-
ments designed to obtain information
concerning the mechanism of the cor-
rosion encountered in the HRE has been



completed. While the experiments
are not conclusive, they do tend to
substantiate the hypothesis that
oxygen stabilizes uranyl sulfate
solutions by being reduced in pref-
erence to uranyl ions.(1?

Experimental Work. Since it has
been suggested that oxygen is consumed
during the corrosion process, the
following experiment was designed to
determine the rate at which oxygen
was reduced: A valve was connected
by means of steel pressure tubing to
the head of an Aminco bomb so that
the gas volume could be determined
inside the bomb before and after a
run. To run an experiment a given
volume of solution was placed in the
bomb and the head of the bomb was
closed with the valve open. The
entire bomb was then placed in a
constant temperature bath, and, after
equilibrium was reached, the valve
was closed at a known barometric
pressure. After the 'bomb had been
heated at a given temperature for a
predetermined length of time, the
bomb was cooled and again placed in
the constant temperature bath. The
outside end of the valve was then
connected by means of rubber tubing
to a measuring pipet, the tip of
which was under water. The valve
was opened and the volume of water
that entered the pipet was measured
at a known barometric pressure.

Before using the bomb the entire
assembly was passivated with 1% nitric
acid at 250°C for 24 br. The inside
volume of the assembly was 120 ml,
and 65 ml of nitric acid was used.

(1 glectrochemical Corrosion Study,”
Homogenecous Reactor Project Quarterly Progress
Report gzr Period Endmg May 15, 1951, ORNL-1057,
p. 64 ( 10, 1951).
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After passivation the bomb was
thoroughly rinsed, and 60 ml of a
standardized uranyl sulfate solu-
tion was added (the gaseous portion
contained air). The bomb was closed
and the assembly was heated at 250°C
for a given length of time. The bomb
was cooled and the change in volume
was measured in the manner described
above.  Table 3.1 gives the results
of three such experiments. After
each run was made, the solution in
the bomb was replaced with a fresh
solution. The original solution: was
analyzed for uranium, iron, chromium,
and nickel.

Table 3.2 summarizes the results
that were obtained when the solution
contained (.01 ¥ potassium chloride
in addition to uranyl sulfate.

On three occasions the gas in the
bomb at the completion of a run was
analyzed. All three samples showed
a decrease in the oxygen content
corresponding to the observed volume
change. One of the gas samples con-
tained 1.6% hydrogen. 1In no case
was there a decrease in the uranium
content of the solution.

On one occasion the bomb was half
filled with uranyl sulfate solution
containing 0.01 ¥ potassium chloride,
and the air above the solution was
removed. The method of removing the
air consisted of reducing the pressure
in the bomb by means of the laboratory
vacuum line. Then a nitrogen pressure,
slightly greater than atmespheric
pressure, was placed in the bomb.
The entire procedure was then repeated
three times. The assembly was heated
at 250°C for 16 hr. At the end of
this time the bomb was cooled, and
the solution was analyzed. The
analyses are given in Table 3.3.

iy =
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TABLE 3.1

Analysgs of uo,so0, Solations fleated in Type 347
Passivated Steel Bomb at 253°C

SOLUTION ANALYSES
TIME OF pil OF URANIUM THON CHROMIUM NICKEL RGeS
SAMPLE RUN (hr) SOLUTION (g/liter) (ppm) (ppm) (ppm? cc
Original 2.50 30.7 <5 <1 <5
1¢® 16 1.2
2 64 2.50 30.7 <5 3 11 2.7
3 160 2.50 30.9 <5 1 13 7.0
(D3551ution not analyzed.
TABLE 3.2
Anzlyses of Ug,80, Solutioms Contaiming K€l Hented in 8 Type 347
Pzssivatzd Steel Boamb at 255°C
SQLUTION ANALYSES
e e \ A - OXYGEN
TIME OF pli OF Ci URANTUM IRON CHROMIUM NICKEL CONSUMED
SAMPLE | BUN (hr) SOLUTIGN MOLARITY | (g/liter); (ppm) (ppm) (ppn) (cc)
QOriginal 2.43 35.8 3 <2 <5
C-1 16 2.44 0.0098 35.8 <3 <2 10 6.3
C-2 20 2.45 0.0095 35.7 1 1 10 6.6
C-3 29 2. 42 0.0100 35.7 23¢ %) <3 20(® 7.0
C-4 4 2.43 0.0101 36.2 <3 <3 5 0.9
C=5 45 2449 0.0100 35.8 <3 <3 10 6.3
C-9 20 2.45 0.0106 35.7 <3 <3 11 5.0
(% N explanation for thas relatively high iron and nickel concentrations.
Discussion. The results of all solutiong used were the sams as those

the experiments reported are open to
gquestion for two reassomns: (1) The
uranyl sulfate nsesd to prepars the
solutions contained 2t least a small
emount of ergenic matter; and (2) the
ratic of sulfate to uranium was
1.016 ¢+ .003. The pH values of the

24

reported by Helmholz end Friedlander¢?)
for the given concentrations of uranyl
sulfete, PRecently, however, some

(.. Helwholz and G, Frisdlander, Phyeizal

Properties of Uranyl Sulfate Solutions, LAMS-30
(Daz. 15, 19'{3). y f ons
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TABLE 3.3

Analyses of a U02804 Solution Containing KC1 Heated 16 hr in a Type 347
Passivated Steel Bomb at 230°C in the Absence of Oxygen

SOLUTION ANALYSES
pH OF CHLORINE URANTOM IRON CHROMIUM NICKEL
SAMPLE SOLUTTION MOLARITY (g/liter) (ppm) (ppm) (ppm)
Original 2.37 30.5 <3 <3 <3
Final 2.92 0.0099 29. 4 99 <3 28

uranyl sulfate was prepared by re-
acting stolichiometric amounts of
uranium trioxide and sulfuric acid.
At a given concentration the pH of
this solution was higher than the
value given byHelmholz and Friedlander.

While the results are such that
no definite conclusions can be drawn,
certain preliminary generalizations
can be made. In all of the experi-
ments carried out where the soclution
was 1n contact with air during
heating, there was no change in the
uranium, chromium, iren, or hydrogen
ion concentrations. In each case
there was a small amount of nickel
in solution, but the amount of nickel
was related neither to the time of
heating nor to the amount of oxygen
reduced. . That corrosion had taken
place was evident by the fact that
there was a very fine red precipitate
in all solutions. Thils precipitate
was very unreactive and appeared to
be ferric oxide. Furthermore at the
completion of the runs in which the
splution contained potassium chloride,
the interior of the bomb showed
definite pits.

When a uranyl sulfate solutioén
was heated 1n a passivated steel

bomb in the absence of oxygen, some
uranium was precipitated from solu-
tion. At the same time the amount
of iron and nickel in solution was
greater than in any other run. The
iron 1n solution was present as
ferrous iron which explains why the
iron was not precipitated. This
phenomenon was discussed in the last
gquarterly report.(!)

Further analysis of the data is
not justified at this time because
of the uncertainty about the uranyl
sulfate. At present the above work
is being repeated with uranyl sulfate
of known purity.

STATIC TESTS

J. L. English
J. Reed

A. R. Olsen
S. H. Wheeler

Stagnant corrosion studies for the
Homogeneous Reactor Project continued
on a somewhat restricted scale during
the past quarter owing to unavaila-
bility of uranyl sulfate of desired
chemical purity. The material used
for corrosion studies was found to
contain impurities which could well
influence the true evaluation of
corrosion test results. The major

25
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contaminant was ammonium ion with
small amounts of nitrate i1on also
present. The bulk of correosion
studies were abandoned for the period
required to procure uranyl sulfate
of the desired purity. This situation
has now been greatly alleviated, and
the corrosion program is continuing
on an unabated scale. A portion of
the effort is being directed to the
repetition of tests in which the
impure uranyl sulfate was used as the
corrosion medium.

Pretreatment Films. An expanded
program has been initiated for the
study of nitric and chromic acid
films formed on stainless steels at
elevated temperatures. The ob-
jectivesof this program will include:
(1) the determination of the basic
constituents of the films by optical
and electron-diffraction examination;
chemical analyses of films stripped
from metal surfaces will be made
also; (2) the determination of the
film thicknesses; (3) the deter-
mination of the effects of metal
surface condition and temperature on
the characteristics of pretreatment
films; (4) the determination of the
effect of chemical variations 1in the
stainless steel on the properties
of the pretreatment films; (5) the
determination of an "accelerated
test" for measuring film effectiveness
to correlate with corrosion behavior
in uranyl sulfate at elevated tem-
peratures.

Effect of Metal Surface Condition
and Exposure Time on Nitric Acid
Pretreatment Films Formed at 250°C.
An experiment was run using type 347
stainless steel specimens which were
prepared by machining and abrading
on Nos. 80 and.120 grit papers and
exposed for periods of 1, 4, 8, and

24 hr in 1% by weight of 70% HNO, at
250°C. The test bombs had two types
of metal surface conditions: (1) newly
machined, and (2) chemically cleaned
bombs which had been used numerous
times for routine corrosion tests.
The conclusions from the series of
tests were:

a. The physical appearance of
nitric acid pretreatment films
formed at 250°Cis influenced by
the surface condition of the
test bombs in which the pre-
treatment 1s conducted. Newly
machined surfaces resulted in
specimens exhibiting highly
lustrous surfaces with bril-
liantly colered interference
patterns. Old chemically
cleaned bomb surfaces resulted
in specimens showing dull gray
colored surfaces with greater
film thicknesses than those oh-
tained 1n the newly machined
bombs. These thicker filums,
however, were equally as re-
sistant to uranyl sulfate at
250°C as the thinner films.

b. The magnitude of corrosion
attack by the 1% nitric acid
at 250°C was generally greater
on specimens exposed in old
bombs, compared to attack ob-
tained on specimens exposed in
newly machined bombs.

¢. The amount of dissolved nickel
found in nitric acid solutions
taken from the newly machined
bombs was greater than the
amount determined in solutions
taken from the old bombs. Test
data indicate selective attack
on newly machined surfaces by
nitric acid; the magnitude of

26 .
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this attack was less pronounced
with old bombs.

d. The metal thickness losses for
new bombs, calculated from dis~
solved nickel concentrations in
the nitric acid solutions, were
greater than losses determined
by decrease in specimen weights,
assuming corrosion attack to be
uniform. Good agreement between
actual and calculated metal
thickness losses was obtained
from nickel analyses on solu-
tions removed from the old
bombs. Actual thickness losses,
based on weight losses, for both
old and new bombs after 24 hr
were 0.003 mil. The calculated
thickness loss for new bombs
for the same exposure time was
0.025 mil; for old bombs the
calculated thickness loss was

0.002 mil for 24 hr.

After the pretreatment tests, the
specimens were submitted to the Optical
and Electron Microscopy Group for
examination and study. Work was done
by T. E. Willmarth and is fully re-
ported in OBNL CF-51-7-10.¢3) Results
indicated that a*Fe,0, was the basic
film constituent in all cases, although
a possibility existed that Cr,0, was
present. Other results were:

a. The film thickness (1 ) meas-
ured on the specimen from the
old bomb after 1 hr was the
same as that measured on the

specimen from the new bomb after
24 hr,

b. The film thickness on the old

bombs increased from 1 to 3 p

D7, 5. Willwarth, Microscopic Examination
of Oxide Layers on Stainless Steel 347 Which Has
Been Passivated with 1% HNO3 at 250°C for 1, 4,
8, and 24 Hours, ORNL CF-51-7510 (July 5, 1951)
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during the first 8 hr. No ad-
ditional increase occurred
during the ensuing 16 hr of ex-
posure. Film thickness on the
new bombs remained practically
constant at 0.3 4 during the
first 8 hr and then increased
to 1 ¢ during the remaining

16 hr.

¢. A two-layer effect was observed
on all specimens. The substrate
layer appeared almost structure-
less while the outer layer con-
tained fairly large and uniform
crystallites 0.5 to 1.0 u in
diameter. This layer was not
well-bonded to the substrate
layer, as numerous areas were
noted where the outer layer had
sloughed off, exposing the
substrate layer.

This last observation may offer ad-
ditional support to the possibility
that the protective nmature of the
pretreatment film is not entirely
{(and perhaps not at all) due to the
formation of a bulk oxide film.
Some other mechanism, as yet not
established, may be the major con-
tributing cause for the "passivity
effect” obtainedby pretreating stain-
less steel.

A Comparison Between Nitric Acid
Pretreatment Films Formed on Polished
and on Etched Stainless Steel Sur-
faces. Test specimens of type 347
stainless steel were abraded on Nos.
80 and 120 -grit papers. A portion
of these samples were then etched
for 10 min at 60°C in a 10% HNO, —4%
HF~—1% HCl solution (by volume).
Both sets of samples, etched and
unetched, were then exposed to 1%
HNO,; at 250°C for 24 hr in newly
machined bombs.
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Samples were submitted to the
Optical and Electron Microscopy Group
for examination. Studies were made
by T. E. Willmarth and reported 1in
OBRNL CF-51-7-67.¢(*?

follows:

Results were as

a. Both types of films were red-
dish yellow to red in color by
reflected light. The basic
constituent in the filwms ap-
peared to be a*fe,0,.

b. The etched specimens exhibited
pits ranging {rom 2 to 8 x 1n
depth. The pits were lined
with a dark crystalline material
of 1 ¢ particle size. Bands
of this material were observed
also along polishing lines.
The unstched samples were
relatively free of pits. Some
bands of dark crystallimne
material were observed with
crystallite size ranging on the
order of 0.5 .,

¢c. The film layers on both samples
followed the contours of the
metal surface very closely.
However, films stripped from
the etched samples contained
numerous holes which were
originally sites for pits.

d. Both filws measvred approxi-
mately 1 & in thickness in this
case,

e. A preliminary examination
disclosed that the film from
the etched sample exhibited =
greater degreecof ferromagnetism
than the unastched specimen,

()1, E. Willmarth, 4 Mirroscopic Study of
Oxide Films Formed on Etched and Unetched
Stainless Steel 347 During Pretreatnent with
{535903 at 250°C, ORN1L CK-51-7-67 (July 16,

Nitric acid pretreatment films
were also stripped from type 347
stainless steel specimens by M. G.
Fontana at Ohio State University
vsing a mixture of bromine and
ethanol., These films will be sub-
mitted to the W. B. Coleman Company
in Philadelphia, Pennsylvania for
chemical analyses.

Uranyl Sulfate Corrosion Studies.
Studies of the corrosion behavior of
nitric acid--pretreated type 347
stainless steel 1n uranyl sulfate
solutions and the results of a series
of stagnant corrosion tests with
uranyl sulfate solution are reported
in detarl below.

Corrosion Behavior of Nitric
Acid-—~Pretreated Type 347 Stainless
Steel in Concentrated Uranyl Sulfate
Solutions. Concentrated agueous
solutions of uranyl sulfate were
prepared for use in determining the
corrosion behavior of nitric ac-
id-—pretreated type 347 stainless
steel at 250°C. The solutions were
made 0.44 and 0.86 ¥, containing
103.8 and 203.8 g of uranium per
liter, respectively.

The pretrestment consisted of
exposing abraded specimens in 1%
HNO; for 24 hr at 250°C in chemically
cleaned stainless steel bombs. The
corvosion tests in uranyl sulfate
were run for 11 weeks with weakly
sample inspection, using the same
solutions throughout the total testing
time. The chemical analyses on the
urainyl sulfate solutions are included

in Table 3.4.

Corrosion data for the nitric
acid--pretreated type 347 stainless
steel specimens are tabulated in
ieble 3.5. No reduction of uranyl

K L



TABLE 3.4

Chemical Analyses of Uranyl
Sulfate Solutions

SOLUTION ANALYSES (g/liter)
0.44 ¥ W0,30,; | 0.86 4 10,50,
INITIAL pH, 1.95;] INITIAL pH, 1.55;
: FINAL pH, 1.90 FINAL pH, 1.52
Initial 103.8 : 203.8
aranium :
Final uranium 103.0 200.0
Final dis- 0.015 0.009
solved iron
Final dis- 0.001 0.001
splved
chromium
Ffinal dis~ 0.005 0.018
solved
nickel
Final ura- 0.236 0.346
nium(IV)
TABLE 3.5

Corrosion Rates of Nitric
Acid-~Pretreated Type 347
Stainless Steel

CORROSION

EXPOSURE | 0-44 M [ U0,80, | 0.86 ¥ | U0,S0,
(weeks) (mdd) {mpy) | (mdd) {mpy)
1 -1.40 0.25 -1.96 0.35

2 ~0.29 0.05 -] -0.73 6.13

3 -0.14 0.03 | -0.56 0.10

4 -0.13 0.02 -0.47 0,08

5 ~0.32 0.06 -0.56 0.10

& +0.25 0.05 -0.43 0.08

7 -0.42 0.08 | ~0.38 0.07

8 -0.22 D.04 ~0.35 0.06

9 -0.19 0.03 -0.31 0.06

10 -0.18 0.03 -0.29 0.05
11 ~0.20 0.03 -0.31 0.06

FOR PERIOD ENDING AUGUST 15, 1951

sulfate solutions was evident by
physical appearance, chemical an-
alyses, and pH measurements. The
concentration of dissolved nickel
was very low at the end of the test,
indicating negligible corrosion
attack on the stainless steel.

The corrosion resistance of 1%
nitric acid-—pretreated type 347
stainless steel appears to be a
straight line function of uranyl
sulfate concentration in the range
0.17 to 0.86 M. The magnitude of
corrosion attack in all cases studied
thus far is extremely low. Corrosion
rates from stagnant tests at 250°C
for 11 weeks in three different con-
centrations of uranyl sulfate were:

CONCENTRATION CORROSION RATE (mpy)
0.17 4 0.01
0.44 M 0.03
0.86 M 0.06

The corrosion behavior of nitric
acid and chromic acid pretreated
stainless steels i1s being deter-
mined in uranyl sulfate solutions
containingas high as 500 g of uranium
per liter.

Results of a Series of Stagnant
Corrosion Tests with Uranyl Sulfate
at 250°C. This series of corrosion
studies was conducted in a 750-ml
capacity, electrically heated auto-
clave which was equipped with sample
withdrawal cells to permit removal
of the uranyl sulfate solution while
the test was operating at 250°C. The
apparatus was constructed entirely of
type 347 stainless steel. The sample
cell had a liquid volume of approxi-
mately 12 ml. The entry tube to the
cell was positioned % in. from the
bottom of the solution chamber.
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employed for senpling

< ne
1u.~‘.L t"l\, Samy.-.e cell

v
tion chamber to the sample =ell so
se t withdrave) of uranyl
1fate from the main bady of the
ligquid resulted in a
The sample cell was re-

mors represenva-
tive sample.
filled immediately after flushing and
this sollltlon wzs used for tha
analytical sample. A descrivtiom of
the test runs with results follows.

i

Hun S194: Nitriec Acid Pretreatment
Since the autoclave had been used
previously for uranyl sulfate cor-
rosion studies, 1t was decided to
remove old surfaces by a machining
operation on all arszs which wsre
exposea to uranyl sul fate. After
this opszration the samz surfaces

were etched for 15 min in a wixturie
of 10% HNO, —4% Hi'»-1% HTl (by vol-
mme) at 60 (.. The system was then

washed with hot distilled water
until a gualitative check showed 2
negligible conczntration of chloride
iron, <1 opm.

The autoclave wzs fillad with
ml of 1% by wezizht of T0% nitric
nid and secaled. The unit w
operated at 250°C for 16 hr during
which period solution

-3

o]
<4

amules wegre
taken periodically. Results of t
chemical analyses on the nitric =act
solution appear in Table 3.6. A
the end of the test, =2 solution
deficit of 40 to 50 ml wns observed
which indicated 2 slow le=2k 1n the
autoclave assembhly,

.J..

(ad

The analyses sho
trend previously notedin pret
satuticn behavior., The dissal
1

conntent 1nciesased gradua

TABLE 3.6

Chamicsl Aaelwvzzs of Nitric
Acid-—Prect =t Solntiown
Aftery
DISSOLVED METALLYC TONS
Cy/wd)
SOLUTION
pii IRON NICKEL CHRPOMIUM
1.1
1.0 13 6 <1
1.0 17 43 1
1.0 6 20 10
1.1 4 25 8
1.1 4 22 7
1.0 4 33 13

he first 4 hr, after which i1t de-
eaned to a steady value of 4 v/ml
s a result of precipitation from
solution as ferric oxide~ The nickel
rapidly during the first

w O
+i

increased

4 hr to 43 v/l and then decreased
to between 20 and 35 '}//ml during the
balance of the test. Dissolved
chromiuvm concentration progressively
increased to 10 ¥/wl duvriag the
initial 6 hr 2nd remained fairly

constant for the remaining 16 hr.

The solution was clear and water-
white in color at the end of the
test. No visible precipitates were
observad although a2 smut of brown-

red oxides was wiped from the
walls of the autoclave., Sufficient
sample of this residne could not be
collectad for X-ravy examiﬁation to

e

-

chromivum
o

(%)
<



Inasmuch as a solution leak
occurred in this run, the nitric acid
pretreatment was repeatedin run S196,

Run S196:

treatment

Second Nitric Acid Pre-

The autoclave was washed with
distilled water at the end of run
S194 and again filled with 750 ml of
1% by weight of c.p. reagent grade
nitric acid. The test was run for
43 hr at 250°C with periodic sampling
while at temperature. Results of
chemical analyses are listed in
Table 3.7.

TABLE 3.7

Chemical Analyses of Nitric
Acid-~Pretreatment Sclution
After Use at 250°C

DISSOLVED METALLIC IONS
(y/ml)
EXPOSURE | SOLUTION
TIME (hr) pH IRON | NICKEL | CHROMIUM
0 1.0
2 1.0 6 5 30
4 1.0 6 9 2
6 1.0 3 7 8
10 1.0 2 6 12
14 6.9 4 13 18
18 0.9 3 8 18
22 0.9 5 10 15
26 1.0 8 10 19
43 0.9 4 12 18

Sampling during the test was
accomplished by discarding the first
sample for flushing the sample tube
and collecting a second sample for
solution analyses. The total volume
removed by this operation was 22 ml.
The final solution volume in the
autoclave was 550 ml: the total
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volume of solution removed by sampling
was 198 ml. The initial and final
solution volume balance showed
essentially no loss due to leakage.

The nickel analyses were con-
siderably lower than those obtained
in run 8194 on newly machined and
etched surfaces. These results again
illustrate the fact that selective
attack of nickel from the stainless
steel 1s lessened after repeated
exposure to the nitric acid medium.
The nickel concentration essentially
leveled off after 14 hr during this
exposure to nitric acid solution.

The disscolved 1ron analyses ex-
hibited no initial increase as was
encountered in run S194 but remained
fairly constant between 3 and 8 ¥/ml
throughout the run. A slight brown-
colored precipitate was observed in
the bottom of the autoclave at the
end of the test,indicating that iron
had been precipitated from solution
during the exposure at 250°C.

The behavior of chromium was
markedly different in this run as
compared to run S194. A concentra-
tion of 30 ¥/ml was obtained after
2 hr as compared to <1 ¥/ml during
the same time in run S194. Chromium
apparently precipitated from solution
since the value at the end of 4 hr
had decreased from 30 to 2 v/wml.
During the remainder of the test, ‘the
chromium concentration ranged steadily
between 12 and 19 %/ml. The initial
rapid dissolution of chromium, after
"leaching out" of nickel has occurred
in previous exposures, may be a
function of the oxidizing capacity of
the fresh nitric acid solution before
thermal decomposition takes place.

Run S197:

Immediately after the nitric acad
pretreatment for 43 hr, the autoclave

Uranyl Sulfate Test
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was rinszd thoroughly with distille

water to rTemove precipitated ivon
oxides. The auntoclave was filled wit
T50 m!l of uranvl sulfaie solution

of ufdu;uﬁu > T l;tel
The temperature was raised to 250°

and maintained for 4Z.5 hr. The
pressure reading during this rum re-
mained comnsistently around 525 psig.
Samples were withdraws periodically
at temperature. A solution deficit

containing 38.0 g

of 20 ml was found at the end of the
test.

The ro%ults of chemical anzlyses
on the solution samples ars listed
in Table 3.8. b results

consistent during the
thenr dazcreased to
42 .5 hr The pH

rend zlmost

were fairly
first 30 hr but
35.2 g/liter after
behavior followed
identical with that of t

7

uraniuw

educ

vs. time curve. duction in total
uranium content wss accompanicd by 2
lowering of the pH valus. A =signif-
icant increase 1n both total uranium
concentration and solution pH occurred
after the test was cooled to room
temperature and exposed to air for
1.5 kr., The uranium concentratiaon
chaunged from 35.2 to 37.2 g/liter,
and the solution pH increased from
1.6 to 1.9 for the same period. The
accuracy of the analvtical method for
determininc uranium lies
* 1 to 2% ich may account for a
portion of variation in uranium
analyses but does mnot the

between
ﬂ
the
explain
above 1imcrease.

The test samplezs of uranvl sulfate
were clear and yellow as removed from
the run during operation. No black
observed in the solution

rasidues wers

TARLE 3.8

Chemizal Anzlysesz of Uranyl Sulfaite
Soiutions inm Juw 8187
DISSOLVED METALLIC IONS
(7/ml)
EXPOSURE SOLUTLION TOTAL URANIUM

TIME { hr) pH (8/11Ce ) IRON NICKEL CHROMIUM

0 2.4 38.0 <1 <1 <1

2 2.2 37.1 54 4 <1

4 2.3 38.9 38 5 <1

6 Z2.3 38.1 52 6 <1

10 2.2 38.0 74 11 <1

14 2.1 37.6 91 16 <1

18 z.0 37.7 71 13 <1

22 2.0 37.2 82 17 <1

30 1.7 37.2 100 20 <1

42.5 1.6 35.2 137 35 <3

45.5 (after cooling) 1.9 37.2 27 14 <1

w
R



remaining in the autoclave at the end
of the test although some brown-
colored residues of ferric and perhaps
chromic oxides were observed. The
condition of the autoclave inner
walls was excellent with the original
metallic luster and brilliantly
colored interference patterns pre-
dominant.

The dissolved iron concentration
increased steadily during the 42.5 hr
of test to a maximum value of 137
¥/ml. During the cooling-down peried,
the concentration dropped to 27 v/ml
as a result of precipitation. The
nickel concentration increased
slightly to a maximum valde of 35 ¥/ml
and decreased to 14 ¥/ml during the
cocling~down and air-exposure period.
The dissolved chromium: concentrations
remained almost negligible throughout
the entire test.

Run S5198: Uranyl Sulfate Test

Since the physical appearance of
the autoclave walls remained un-
changed during rupn 8197, it was
decided to operate a second uranyl
sulfate test without additional nitric
acid pretreatment. The test ob-~
jective was to study more closely
the fluctuations in total uranium
concentration exhibited by run 5197
during the first 4 hr. The test
procedure was planned so that samples
were taken every 15 min from the time
that the solution temperature just
exceeded 100°C.

A 750-m]1 volume of uranyl sulfate
solution containing 38.0 g of uranium
per liter was placed in the autoclave.
Samples were started when the autoclave
temperature reached 106°C and were
taken at 15-min intervals thereafter
for the entire run. Arrangements
were made to flush the sample cell
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with distilled water prior to the
introduction of sample solution into
the cell. The first 11 to 12 ml of
sulfate solution was discarded, and
a second sample, taken i1mmediately
after the first, was used for the
analytical sample. Results appear
in Table 3.9.

The uranyl sulfate samples with-
drawn during the test were free of
insoluble residues; all samples
were clear and yellow in color.  The
volume of solution measured in the
autoclave at the end of the run
was 230 ml. The total volume of
solution removed by sampling was
504 ml for a solutiomn deficit of
16 ml.

Analytical uranium results, ‘in-
cluded in Table 3.9, were consistently
higher in value than the initial
content of 38.0 g of uranium per
liter. A portion of these 1ncreases
could be attributed to a concentra-
tion effect caused by the loss of
16 m] of solution during the test.
If this loss occurred during the
initial phase of the test, the in-
crease in uranium comntent was 0.8
g/liter. Most of the reported an-
alyses, however, were 1.0 to 2.0
g/liter high. Data obtained later
in run S199 which was a nitric acid
pretreatment indicate the probable
source of the excess uranium content.
After anmalyzing the nitric acid
solution from run $199, it was found
to contain 2.1 g of uranium per liter.
Thus, althougha high uranium material
balance was obtained in run $198,
there still was additional uranium
deposited on the bomb walls. The
somewhat low uranium analyses ob-
tained at the end of run 8197 suggest
this as the probable source of the
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TABLE 3.9
Chemical Analyses of Uranyl Sulfate
Solutions in Run 5128
DISSOLVED METALLIC IONS
(y/ml)

SAMPLE EXPOSURE TEMP PRESSURE SOLUTION TOTAL URANIUM

NO. TIME (hr) e (psig) pH (g/liter) IRON NICKEL

0 0 25 0 2.4 38.0 1 <1

1 0.25 106 0 2.3 38.3 9 1

2 0.50 165 100 2.3 39.4 2 1

3 0.75 164 150 2.3 38.4 3 1

4 1.00 238 400 2.3 39.6 10 1

5 1.25 260 600 2.3 40. 1 13 1

6 1.50 256 525 2.2 40.1 11 1

7 1.75 245 450 2.3 39.8 12 1

8 2.00 255 510 2.3 40.2 13 1

9 2.25 249 470 2.3 40.2 13 1
10 2.50 254 510 2.3 38.6 10 1
11 2.75 246 450 2.4 39.4 10 1
12 3.00 253 505 2.3 41.0 9 1
13 3.25 251 490 2.3 40.5 12 1
14 3.50 249 480 2.3 40.2 10 1
15 3.7 253 505 2.4 41,1 12 1
16 4.00 245 455 2.3 40,7 13 1
17 4.25 253 505 2.3 40.2 12 1
18 4.50 247 450 2.3 40.2 14 1
19 4.75 253 505 2.4 40.0 12 1
20 5.00 246 455 2.3 40.8 16 1
21 5.25 247 460 2.3 40,2 17 1
Final 7.75 25 0 2.5 39.3 24 1
additional uranium. Partial solu- siderably lower than those observed

tion of uranium deposited in run S197
could account for the high concentra-

5198.

tions encountered 1n run

The dissolved metallic 10n con-

centrations reported for run S198
indicate that corrosion attack was
very slight. The dissolved nickel
concentration remained less than
1 v/m)l during the entire run. The
dissolved iron contents were coii-
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solution
reduction appeared to have occurred.

in run S197 1in which partial

Dissolved chromium concentrations,
although not 1ncluded in Table 3.9,
less than 1 v/ml also. These
plus the consistency of pH
measurements between 2.3 and 2.4,
serve reliable the
From

were

results,

criteria for
absence of solution reduction.

as

previous experience, 1t has bren
observed that when reduction of

uranyl sulfate takes place, there 1s



an increase in the dissolved nickel,
chromium, and iron contents as well
as a decrease in the solution pH.

Run $199: Nitric Acid Pretreatment

Although the data from run $5198
were not indicative of uranyl sulfate
reduction, the autoclave was thoroughly
rinsed with distilled water and
pretreated for 24 hr at 250°C in 1%
by weight of reagent grade 7T0% nitric
acid. A volume of 750 ml was used
which had ‘a pH of 0.9.: The pH at the
end of the 24 hr was 1.0. Chemical
analyses of the nitriec acid solution
gave the following results:

Total uranium 2.1 g/liter

Dissolved iron 1 v/ml
Dissolved nickel 10 v/ml
Dissolved chromium 5 v/ml

Examination of the autoclave at the
end of the pretreatment disclosed a
small amount of brown~-colored smut
on portions of the walls.

Run S201:

Since uranium was found i1n the
run S199 nitric acid pretreatment,
the autoclave, including all componeunt
parts which had been contacted by
uranyl sulfate solution, was cleaned
twice using a mixture of HNO, and
H,0, at room temperature. After
this cleaning operation to remove
adhering nranium oxides from the
metal surfaces, the parts were then
subjected to an etch treatment in
10% HNO, —4% HF-—1% HCI {by volume)
for 15 min at 60°C. Hot distilled
water rinses with vigorous scrubbing
followed until a qualitative check
disclosed a chloride concentration
of less than 1 ppm.

Nitric Acid Pretreatment

The autoclavewas filled with750 ml
of 1% HNO; (c.p. reagent grade) and
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heated at 250°C for 24 hr. The
initial pH of this solution was 0.9;
the final pH was 1.0. Chemical
analyses of the solution at the end
of the run showed a slight trace of
Uraniua. The dissolved nickel,
chromium, and iron concentrations
analyzed 10, 31, and 2 ¥/ml, re-
spectively. These results again
indicate that previously exposed
stainless steel surfaces undergo
a slight selective attack of chromium
by nitric acid at 250°C. No loss of
solution was found at the end of the
test, and the pretreatment was con-
sidered to be successful.
Run S203: Uranyl Sulfate Test

A T50-ml volume of uranyl sulfate
solution containing 38.0 g of uranium
per liter was placed in the sutoclave
immediately after the pretreatment.
The test was runat 250°C, and samples
were removed in the manner already
described.

The total uranium concentration
dropped to 25.0 g/liter 18 hr after
the start of the test. The solution
pH decreased from 2.4 to 1.9 during
this period. The test was shut down
and cooled to room temperature with-
out opening., The aitoclave was then
pressurized with 50 psig of oxygen
and reheated to 250°C. A solution
sample taken as soon as the 250°C
temperature was reached, a period of
1.5 bhr, analyzed 38.8 g of uranium
per liter. This result was within
analytical accuracy of the initial
content of 38,0 g/liter. The test
was continued for an additional 43 hr,
after which time the uranium content
analyzed 39.8 g/liter. The results of
solution analyses appear in Table 3. 10.

The first part of Table 3.10 shows
an increase of 4.2 g of uranium per
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TABLE 3.10

Chemical Analyses of Uranyl Sulfate Solutions
from Bun S203

DISSOLVED METALLIC IONS
(¥/ml)
SAMPLE EXPOSURE TEMP. SOLUTION TOTAL URANIUM

NO. (hr) (°C) pH (g/liter) TRON NICKEL
0 25 2.4 38.0 1 1

1 1.75 250 2.4 42.2 11 2

17.15 245 1.9 25.0 70 192

(The test was shut down, cooled, and 50 psig oxygen was added)

3 1.5 253 2.3 38.8 62 23

4 19.0 254 2.1 40.0 116 69

5¢a) 19.1 254 2.5 40.3 1 20

6 27.1 245 2.6 40.0 4 23

7 43.1 250 2.5 39.8 2 22
(The test was shut down, cooled, and opened to air for 1 hr)

8 3.5 25 2.4 39.8 1 20

(a)Sample No. 4 wasremoved from the autoclave containing a moderate guantity of brown precipitate.
Sample No. 5 was taken 5 min after No. 4 and was clear and yellow in color. The brown-colored precipi-

tate in No. 4 appeared to be ferric oxide.

liter after 1.75 hr at 250°C. At the
end of 17.75 hr, the concentration had
dropped to 25.0 g/liter. The solutien
pH dropped to 1.9, and an abrupt
increase 1in the concentrations of
dissolved iron and nickel was ob-
tained as a result of 1ncreased
corrosion attack during the solution
reduction.

The addition of 50 psig of oxygen
after cooling to room temperature 1in
the closed system resultedin a return
of uraninum content to 38.8 g/liter
during the 1.5 hr required for heating
to 250°C. The solution pH increased
to 2.3; the nickel concentration
decreased from 192 to 23 7y/ml.
Uranium analyses were consistently

2.0 g/liter higher than the initial
38.0 g/liter for the balance of the
test, 43.1 hr, The dissolved iron
precipitated from solution as iron
oxide over this period, as evidenced
by a reduction in concentration from
116 to 2 ¥/ml. Approximately 172 ¥/ml
of dissolved nickel disappeared from
the uranyl sulfate medium by some
mechanism or other.

The measured solution volume re-
maining 1n the autoclave was 550 ml.
The amount of samples withdrawn
totaled 192 m]l so that a solution
deficit of 8 ml]l resulted from the
operation of this test. This loss
increased the total uranium concentra-
tion by 0.4 g/liter.



Corrosion of Reflector Materials.
Corrosion studies with materials
concerned with the reflector system
of the Homogeneous Reactor Project
were continued with emphasis placed
upon a duplication of tests run
previously. The materials considered
in this investigation were SAE 1030
carbon steel and type 347 stainless
steel. The test conditions were
changed somewhat from those used in
former tests. The general practice
in stagnant tests was to replace the
solution weekly. In the present
series of tests, the test solutions
were replaced twice weekly. Other
tests which will be run in the near
future include a study to determine
the effect of corrosion product
contamination 1in the same test
solution on the corrosion behavior
of the materials. Also to be run
are tests using the same solution 1in
which hydrogen peroxide additions
will be made on a daily basis in
order to approach conditions in the
reflector where D,0, will be produced
continuously. Tests using D,0 have
been started to compare corrosion
behavior with results obtained in
ordinary water. Large autoclaves
are being fabricated which will have
a solution volume of approximately
1500+-ml capacity. These autoclaves
will be equipped with sample cells
to permit solution sampling while at
operating temperature. To be in-
cludedin studies with these autoclaves
will be the effect of oxygen, hydrogen,

and mixtures of the two gases on the

corrosion resistance of mild carbon
steel and type 347 stainless steel.

In the present series of tests,
newly machined stainless steel auto-
claves of 150-m]l capacity were used.
The initial test results, especially
those from tests using trisodium
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phosphate as a corrosion inhibitor,
were not in good agreement with
results from previous tests. Cor-
rosion rates were actually obtained
in the .inhibited tests as compared
to slight weight gains exhibited by
similar tests run earlier. The
discrepancy was finally traced to the
metal surface condition of the stain-
less steel autoclaves. The first
corrosion tests with reflector
materials were operated in stainless
steel autoclaves which previously had
been used for nitric acid pretreat-
ments at 250°C. The difference
between these "conditioned" surfaces
and the newly machined surfaces re-
sulted in a loss of inhibitor ef-
fectiveness due to the quantity of
trisodium phosphate necessary to
condition the newly machined sur-
faces.  This effect was substantiated
when new tests were run in the "con-
ditioned" autoclaves. The corrosion
behavior of the carbon steel speci-
mens was then very similar to the
behavior obtained originally.

Corrosion of SAE 1030 (Carbon
Steel Uncoupled and Coupled with
Type 347 Stainless Steel in Distilled
Water Containing 0.005 M Hydrogen
Peroxide at 200°C. Tests were run
with SAE 1030 carbon steel uncoupled
and coupled with type 347 stainless
steel in distilled water containing
0.005 M hydrogen peroxide at 200°C,
The results from these tests were
intended to serve as a basis of
comparison with the results obtained
from inhibited tests. The samples
were removed twice weekly for in-
spection and measurement of cor-
rosion demage. The test solutions
were replaced twice weekly also.

Table 3.11 includes the corrosion
data for these tests. The weight
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TABLE 3.11

Corrosion of SAE 1030 Carbon Steel Uncoupled and Coupled with Type 347
Stainless Steel in §.005 ¥ Hydrogen Peroxide at 200°C

UNCOUPLED COUPLED
EXPOSURE WETGHT LOSS WETGHT L.0SS
(hr) FINAL SOLUTION pH (nefon?) FINAL SOLUTION pH Cme/ en?)
g/ cm g
0 5.1 5.1
64 6.5 1.08 6.7 0.67
155 5.8 1.39 6.3 1.02
221 5.5 1.63 6.5 1.16
317 5.8 1.71 6.5 4.55
385 5.8 1.81 6.4 4,85
478 6.9 1.87 6.5 5.08
548 5.7 1.96 5.2 5.18
640 6.3 3.15 5.5 5.22
730 6.3 4.64 5.6 5.32
797 6.2 5.42 5.4 5.45
888 5.4 7.25 5.3 5.63

losses reported are cumulative losses
as removed from the corrosion media.
The samples will be defilmed at the
conclusion of the tests to determine
actual metal loss.

The corrosion rate on the
coupled specimen was 3.6 mils/year
at the end of 888 hr. The sample was
black incolor with some small deposits
of flaky brown-colored iron oxide
scattered over the surfaces. Numerous
pits were apparent, ranging in depth
from 5 to 10 mils. The coupled carbon
steel specimen showed a corrosion
rate of 2.8 mils/year after 888 hr.
Rather bulky adherent corrosion
products covered the outside surface
while the area in contact with the
stainless steel was black with spotty
corrosion products. Some pitting
attack was observed along the outer
edge of the area contacted by the
stainless steel (the carbon steel

un -
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area to stainless steel surface area
exposed was 1.2 to 1.0 cm?). A
weight gain of 0.6 mg/cm? was re-
ported for the stainless steel
specimen, and its condition was
excellent. The contact area was
black in color as compared to a
lustrous pink color on the un-
contacted areas.

Examination of the data in Ta-
ble 3.11 shows a more rapidly progress-
ing increase in weight loss on the
coupled specimen for 548 hr as com-
pared to the uncoupled sample. How-
ever, during the last 91 hr, the
weight loss on the latter was greater
by 1.62 mg/cm? than on the coupled
specimen. A rather dormant period
of weight loss occurred after 548 hr
on the single specimen; weight losses
ranged from 1.08 to 1.96 mg/cm?.
This period was followed by rapid
corrosion attack for the remaining



340 hr. The dormant period may have
been the result of formation of a
protective film of hydrous iron oxide
during the initial corrosion re-
actions. The film underwent a
breakdown after 548 hr as evidenced
by the rapid increase in corrosion
attack. The diffusion of oxygen
through the protective oxide layer
could cause such increased corrosion
attack.

The most pronounced variation 1in
corrosion attack on the coupled
specimen was observed during the
221- to 317-hr exposure period. The
weight loss increase was from 1.16
to 4.55 mg/cm? during the 96-hr
period.

The corrosion rates on the coupled
and uncoupled SAE 1030 carbon steel
under the described test conditions
are not excessive for the test period,
slightly over 5 weeks.  Although some
bulky corrosion products were ob-
served, localized attack was not
intense even with excess oxygen
present for short periods before
being consumed in corrosion product
formation. Tests will be run to
determine the effect of the rate of
oxygen addition on cerrosion behavior,

Effect of Trisodium Phosphate
Concentration on the Corrosion Be-
havior of Coupled and Uncoupled
SAE 1030 Carbon Steel. Tests were
run at 200°C in which the trisodium
phosphate concentrations ranged from
100 to 400 ppm. The test solutions
(150 ml) were distilled water con-
taining 0.005 M hydrogen peroxide.
The solutions were replaced twice
weekly. The carbon steel specimens
were etched in dilute sulfuric acid
containing Rodine 77 as an inhibitor.
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The weight loss data appear 1in
Table 3.12, The average surface
area of the specimens was 18.5 cm?.
The pH values in the table were
determined after the specific ex-

posure time at 200°C.

The trisodium phosphate concentra-
tion for minimum cerrosion attack
was 300 ppm with these test con-
ditions. JIncreasing the concentra-
tion to 500 ppm raised the pH to 11
with resultant increase in corrosion
attack, due perhaps to the formation
of soluble sodium ferrate. Con-
centrations of trisodium phosphate
below 300 ppm did result in an im-
provement of corrosion resistance as
compared with the results from
similar tests in uninhibited solutions.

The initial corrosion rates in
snolutions containing 300 and 400 ppm
of the phosphate were greatly re-
tarded in comparison with rates ob-
tained an 100 and 200 ppm trisodium
phosphate. The condition of all
specimens as removed at the end of
888 hr was somewhat similar with the
exception that in the 200-~ppm test,
the carbon steel exhibited a more
gray, slightly etched appearance.
The other specimens were of a semi-
lustrous nature, pink in color, with
a few black stains. No bulky scale
formetion existed on any of the
samples,

Similar tests as described for the
uncoupled samples were run in which
the carbon steel was coupled to type
347 stainless steel. The diameter
of the stainless steel samples was
approximately 6 mm less than that
of the 1030 carbon steel so that the
surface area ratio of carbon steel
to stainless steelwas 1.2 to 1.0 cm?.
The concentration of trisodium
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TABLE 3.12

Effect of Trisodium Phosphate Concentiation on Covrosion Bekavior of
Uncoupled SAE 1028 Cavrbon Steel in 2.005 M
Hydrogen Peroxide at 200°C

WEIGHT 1.0SS (mg/cm?)
TRISODIUM PHOSPHATE CONCENTRATION
EXPOSURE o
TIME (hr) 100 ppm 200 ppm 300 ppm 400 ppm
64 1.01 2.04 0.02 0.20
155 1.47 1.01 0.01 0.74
221 1.89 1.11 0.15 0.80
317 1.89 1.10 0.14 0.81
385 2.65 1.58 0.16 0.82
478 2.72 1.60 0.25 0.91
548 2.78 1.67 +0.01 0.87
640 2.89 1.86 0.55 0.87
730 2.91 1.88 0.57 0.88
797 2.92 1.92 0.57 0.75
888 2.96 1.94 0.59 0.92
Initial solution pH 9.2 10.3 10.7 11.0
Average final solution pH 8.3 8.8 9.8 9.1
Initial corrosion rate (64 hr) (mpy)} 6.9 14.0 1.4 1.3
Final corrosion rate (888 hr) (mpy) 1.5 1.0 0.3 0.5

phosphate i1n these tests ranged from
100 to 400 ppm. Corrosion data on
the 1030 carbon steel specimens are
included in Table 3.13. The data
on type 347 stainless steel are not
included because the behavior of this
material was exceptionally good in
all tests. The specimens showed
weight gains from 0.2 to 0.8 mg/cm?
after 888 hr, and the surface arecas
not contacted by the carboun steel
remained lustrous in appearance with
light yellow color gradations. The
contact areas were genecrally stained
or dull black in color.

The requirement for sufficient
trisodium phosphate to minimize cor-

rosion attack on coupled 1030 carbon
steel increased to 400 ppm as com-
pared to 300 ppm for uncoupled carbon
steel. Some inhibiting effect was
apparent in all concentrations of
trisodium phosphate since the range
of corrosion rates, 0.4 to 1.8
mils/year, was well below the 2.8
mils/year obtained in similar un-
inhibited systems. In the case of
the 100-ppm solution, the initial
corrosion attack for 64 hr was very
high, 17.1 mils/year. However, the
cumulative weight loss was relatively
constant throughout the balance of
the test and no tendency towards
progressive 1lncrease in attack was
observed. This was not the case in

" e
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TABLE 3.13
Effect of Triscodium Phosphate on the Corrosion Behavior of
SAE 1030 Carbon Steel Coupled to Type 347
Stainless Steel in 8.005 M Hydrogen
Peroxide at 200°C
CARBON STEEL WEIGHT LOSS (mg/cm?)
TRISODIUM PHOSPHATE CONCENTRATION
EXPOSUBE ;

TIME (hr) 100 ppm 200 ppm 300 ppm 400 ppm

64 2.49 0.48 0.83 0.19

155 2.39 1.04 0.91 0.23

221 2.44 1.62 1.17 0.31

317 2.50 1.94 1.25 0.49

385 2.60 2.25 2.39 0.54

478 2.65 2.87 2.72 0.75

548 2.73 3.30 2.83 0.97

640 2.71 3.26 2.91 0.81

730 2.72 3.27 2.91 0.84

797 2.78 3.27 2.92 0.80

888 2.82 3.57 3.02 0.80

Initial solution pH 9.2 10.3 10.7 11.0

Average final solution pH 6.7 8.5 8.8 9.1

Initial corrosion rate {64 hr) (mpy) 17.1 3.3 5.7 1.3

Final corrosion rate (888 hr) (mpy) 1.4 1.8 1.5 0.4
the 200- and 300-ppm solutions. ways: (1) The initial corrosion

Here the initial rates of attack
were low, 3.3 and 5.7 mils penetration
per year, respectively, but corrosion
attack was progressive to the end of
the tests. The 400-ppm sample showed
a low initial rate of 1.3 mils/vyear.
The weight loss increased slightly
for 548 hr but then leveled off at
a fairly constant value of 0.81
mg/cm? for the remaining 340 hr.

The results from the 100.-ppm
test 1indicate that an initial
ditioning of carbon steel surfaces
with trisodium phosphate solution
at 200°C would be beneficial in two

con-

reaction could be eliminated before
the introduction of D,0 by using
ordinary distilled water as the
solvent for the inhibitor; and
(2) after preconditioning, it may be
possible to operate the D,0 system
with a minimum concentration of
trisodium phosphate, say 100 ppm,
rather than the 400 ppm required to
inhibit corrosion as determined by
these tests.

The condition of the test samples
was good as removed from the solu-
tions. Although the contact areas
with the type 347 stainless steel
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discolored and stained black, there
was no localized corrosion attack.
The outer areas of the samples were
progressively more lustrous in ap-
pearance as the trisodium phosphate
concentration increased from 100 to

400 ppm.

Summarizing this group of tests,
it appears that the minimum con-
centration necessary to reduce cor-
rosion attack on SAE 1030 carbon
steel, uncoupled and coupled to type
347 stainless steel, lies within the
range of 300 to 400 ppm. This
conclusion 1s based entirely upon
the evaluation of data from stagnant
laboratory tests and may be only an
approximation of results obtained 1in
the operation of the D,0 reflector
system where two additional variables
are introduced, solution movement and
continual production of D,0,.

Effect of K,HPO, on the Corrosion
Behavior of SAE 1030 Carbon Steel in
0.005 M filydrogen Peroxide at 200°C.
A stagnant test was run 1n which 300
ppm of potassium hydrogen phosphate
were added to the 0.005 ¥ hydrogen
peroxide solution to determine 1ts
effect as a corrosion inhibitor.
The initial pH of the test sclution
was 7.6; the average pH value of the
final solutions was 7.3. The test
solution was replaced twice weekly.
A corrosion rate of 1.0 mil/year was
obtained for an exposure of 888 hr
at 200°C, which was comparable to the
rate obtainedin the 200~ppm trisodium
phosphate test and three times greater
than the corrosion rate of carbon
steel in 300-ppm trisodium phosphate
solution.

The specimen exhibited a slaghtly
metallic color with blue and red
interference tints. No corrosion

scale deposition was observed, and
localized corrosion attack was
absent.

DYNAMIC CORROSION STUDIES

E. Bohlmann C. G. Heisig
H. Gross R. A. Lorenz
H. C. Savage

E.
J.

The presence of ammonium sulfate
in the uranyl sulfate, which produced
some unexpected resultsin early runs,
has now been eliminated. This
ammonium sulfate impurity in the
uranyl sulfate resulted in the dis-
appearance of uranium with a lowering
of the pHof the solution (as measured
on cold samples) during operation at
250°C. An equilibrium scemed to be
reached at a concentration of uranyl
sulfate somewhat lower than the
starting concentration and dependent
on the uranyl sulfate concentration,
ammonium sulfate concentration, and
temperature. It seems likely that
the precipitation of a complex
ammonium uranium sulfate on the
walls of the system was the mechanism
of the uranium disappearance. It
was shown that the uranium dis-
appearance could be prevented by
lowering the pH of the uranyl sul-
fate solution through the addition
of sulfuric acid. With a uranyl
sulfate solution containing 30 g of
uranium per liter a pH of 1.6 was
shown tobe adequate for this purpose,
and solution stability was quite
satisfactory. Corrosion also did
not seem to be unusually severe,
based on nickel concentration 1in-
crease, but the run was not long
enough to give more than an indication.

Since the presence of the ammoniumn
sulfate was a side issue, no attempt
was made to investigate 1ts effects
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further. The work of this quarter
has emphasized the investigation of
the effect of oxygen on solution
stabi1lity and corresion 1in the
uranyl sulfate solution—type 347
stainless steel system.

Loop A, Runs A-7 and A-8. Ad-
ditional runs totaling 852 hr have
been made with U0,S0, containing
30 to 40 g of uranium per liter
under varying partial pressures of
O, on pump loop A. This loop had
previously operated for a total of
422 hr with a similar solution.¢®’

The loop consistedof a Westinghouse
Model 100A canned-rotor pump cir-
culating a nominal 100 gpm through
approximately 7 ft of 1% -in. Schedule
80 pipe made of type 347 stainless

steel. Loop line temperature was
held at 250°C, and super-pressure
for the system was obtained by

holding a side reservoir, the "pres-
surizer," at 285°C. At the nominal
flow rate calculated mean velocity
of fluid in the loop was 15 ft/sec.
The pump bearings consisted of
Stellite journals runningin graphitar
blocks at temperatures well below
that of the system. To preserve
proper pump loading, a machined
flow restrictor was welded into the
loop. At no time had this loop
been given any pretreatment. The
latest runs, designated A-7 and A-8B,
are summarized seqguentially as
follows:

a. 26 hr: O, cold partial pres-
sure fell from 500 to 210
psig; no precipitation.

(5)u

P Pump Loop Studies,” OBNL-1057, op. cit.,
p. . ;
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b. 21 hr: O, cold partial pres-
fell from 100 to 75
no precipitation.

sure
psig;

c. 18 hr: 0O, cold partial pres-
sure fell from 100 to 60
ps1lg; no precipitation,
although downward trend in
cold pH indicated that
precipitation was imminent.

d. Decrement in system volume
was made up with fresh
solution,.

e. 78 hr: 0, cold partial pres-
sure fell from 500 to 25
psig; no precipitation,
although precipitation
appeared imminent as the O,
pressure fell below ~50
psig. During all of this
time, uranium had shown: a
tendency to concentrate in
the line samples. A brief
series of simultaneous line
and pressurizer samplings
showed that concentration of
uranium in the line was at
the expense of the pres-
surizer. Accordingly a
bypass line from the pres-
surizer vapor space to the
pump motor housing was in-
stalled, and about 1 gph of
H,0 with accompanying O,
was permitted to re-enter
the loop by leakage through
the pump bearings.

f- 51 hr: 0, cold partial pres-
sure fell from 250 to ~0
psig. During the last 10
hr onset of precipitation
was indicated by falling
pH and rising dissolved
1ron values.
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Pump was overhauled and
leaks were repaired. Sam-
pling losses were restored

with fresh U02804.

86 hr: O, cold partial pres-
sure fell from 250 to 80
psig. The CO, test was

applied for the first time;

positive. No precipitation,

194 hr: O, cold partial pres-
sure fell from 50 to ~0
psig; no precipitation,

although onsect of precipi-
tion was evident during the

last 12 hr.

114 hr: 0O, cold partial pres-
sure fell from 50 to ~20
psig; no indication of onset
of precipitation.

Total time for rum

A-T

588 hr

Replaced entire charge with
new U0,50, solution. Begin-
ning run A-8; beginning
analyses for dissolved O,.

264 hr: O, cold partial pres-
sure fell from 50 to ~15
psig. Dissolved 0, values
varied erratically between
110 and 30 ppm. No in-
dicationof onset of precipi-
tation at any time.

852 hr Total time for runs
A-7 and A-8
1274 hr Total time on

U0,s0, * 0,

During runs A-7 and A-8 the con-
ntration of nickel in seolution
se continuously with due allowance

for dilution with make-up solution.
The rate of 1ncrease was far from
constant, but at no time was there
firm evidence of a tendency to level
out. The total amount of disseolved
nickel required about 40 g of stain-
less steel in a system of which the
inside area is approximately 8§ ft?,.

After these runs the pump was
dismantled and the loop piping was
sectioned for examination. Results
of these examinations are discussed
below.

Loop B. [Loop B was placed 1in
service about May 15. It differed
from loop A in that the pipe was
nominal l-in. Schedule 40, and in
that the pump hearings had bath
journals and blocks of Stellite 98M2.
The loop was fitted with an O, bypass
from pressurizer to pump, as in
loop A.

This loop was operated for 380 hr
on water for bearing tests and for
527 hr on 10,80, solution containing
30 to 40 g of uranium per liter under
various partial pressures of 0O,_.
Prior to these tests the system had
been cleaned and rinsed thoroughly,
but no etching or passivation was
used. After the long period of
U0,S0, operation, corrosion speci-
mens were installed and passivating
runs with CrO; and with HNO; were
made. The system 1s now operating
with U0,S0, again. A sequential
summary follows:

a. 12 hr: Cleaned with sodium
carbonate, cold 1% nitric
acid, and trisodium phos-
phate; rinsed with water;

leak-tested with helium.

b. 380 hr:
250°C.

Han with water at



c. 10 hr: Beginning run B-1 with
U0,80,, 200 psig O0,; pre-
cipitation took place sud-
denly after 9 hr; 190 psaig
0, remained.

d. Cleaned with H,0,-H,50,;
charged new U0,S0, solution.

e. 412 hr: 0, cold partial pres-
sure varied between 500 and
300 psig. System was shut
down regularly to replace
sampling losses in the solu-
tion and to restore O, to
500 psig. No sign of precipi-
tation at any time. Two out
of three qualitative tests
for CO, were positive.

f- Beginning run B-2; newU0,S0,
solution charged.

g. 105 hr: O, cold partial pres-
sure fell from 50 to 40
psig; no indication of
precipitation.. All samples
contained a brown-black
powder which spectrographic
analysis indicated was
chiefly iron {(oxide) with
only traces of nickel and
chromium. :

919 hr Total time on all
Stellite bearings
527 hr Total time on

0,80, + O, :

At this time the pump was torn
dewn for inspection, the flow re-
stricting orifice was cut out and
sectioned, and a holder for three
corrosion specimens was 1installed at
a corner of the pumping circuit.
The pump impeller had rubbed the
balancing pads in 1ts housing and
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had undergone severe corrosive at-
tack; it was replaced with a new
impeller. Stellite-Graphitar bearings
were installed., A new flow Te-
strictor was installed. RBesults of
inspection of the system are discussed
below.

h. "Etched with HNO,-HF-HC1
'(except pump).

1. 12 hr: Run B-3. 2% Cr0,
solution, 250°C. Corrosion
specimens of types 347, 316,
‘and 316 ELC stainless steels
removed; impeller removed,
inspected, replaced. See
discussion of observed cor-

‘rosion below.

J. 5 hr: New corrosion speci-
mens of types 347, 316,
316 ELC stainless steels
~installed after etching.
Ran on H,0; charged 1% HNO,.

k. 48 hr: Run B-4. 1% HNO,,

- 250°C. Removed corrosion

specimens and impeller for
inspection.

I. 36 hr: Run B-5. 1% INO,,
250°C. Annealed specimens

of types 347, 316, and 316
ELC stainless steels. In-
spected system as before.

m. 6 hr: Beginning run B-6.
Corrosion specimens from run
B-4 reused. ©6-hr pretreat-
ment with HNO,;; rinsed;
charged U0,S80, solution.

n, 205 hr: O, cold partial pres-
sure fell from 50 to. 25
psig. JInterrupted by 22-hr
total power failure. One
corrosion specimen broke

—— N
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loose and lodged in the
pump impeller for an un-
determined period. The
pump was not damaged.
System inspected as before.

Thermal Loops. One thermal loop
has been reworked to improve mixing
of O, with the solution, and several
runs have been made with U0,S0,.
Results have been erratic, and it is
apparent that further reworking will
be necessary to improve reliability
of the information obtained from
these devices.

Results and Discussion., The ef-
fects of oxygen on solution stability
and corrosion and the effects of
pretreatments during the runs of
loops A and B are discussed below.

Effect of Oxygen on Solution
Stability. 'There was one rapid
precipitation in the first few hours
of run B-1 under a 200-psig cold
partial pressure of 0,. Aside from
this single failure, all evidence
indicates that the UO0,S0, solution
remains stable at 0, cold partial
pressures approaching 0. 1In all
cases except that mentioned above and
one other, the system was leak-tested
at 500 psig of O, before proceeding
at the same or lower O, pressure.
The importance of this point must
be investigated further.

During all successful operations
free O, content of the system de-
creases, while corrosion, as in-
dicated by dissolved nickel values,
proceeds at an appreciable rate.
Uranium content meanwhile remains
sensibly constant (except for fluc-
tuations due to poor mixing). On
the other hand, in earlier experi-
ments without oxygen, uranium precipi-

tated as oxide, with greatly ac-
celerated generation of corrosion
products, after brief periods of
operation. Evidently oxygen may
serve as a substitute corrosive
and/or rapidly reoxidize uranium
reduced in corrosion. Possibly,
also, the corrosion reaction in-
volves iron(II), and the oxygen
limits corrosion by keeping all the
iron oxidized to iron(III). The
necessity of maintalining some con-
centration of O, in the dynamic
system i1s now considered to be
established. Laboratory studies on
the relation between corrosion and
O, utilization in the uranyl sulfate
solution—type 347 stainless steel
system were described in a previous
section of this report.

Corrosion, By following the rate
of increase of nickel in solution, it
1s possible to estimate a rate of
corrosion in the total system under
study. In most of the runs made
to date there i1s an initial period
of a few hours of fairly high cor-
rosion rate, followed by a reasonably
steady slower corrosion rate. Final
rates have been estimated graphically
for all of the runs described in the
experimental section, except run A-7
(U0,80,) and run B-3 (CrO,). 1In run
A-7 the rate was too erratic to
estimate more than a continuous up-
ward trend; in run B-3, the operation
lasted only 12 hr. 1In all other rums
the corrosion rate was in the range
0.2 to 0.3 mils/1000 hr for the wheole
system with U0,S0,, and an order of
magnitude higher with 1% HNO,.

These general penetration rates
are based on average system volumes
and submerged areas and include the
contribution of localized accelerated
corrosion. Their accuracy, therefore,
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cannot be high, However, 1t appears
that the order of magnitude of general
corrosion rate is one that will be
acceptable for the massive smooth-flow
sections of the HRE.

Detailed inspection of pump parts,
corrosion specimens, and pipe inte-
riors in the pump loops has shown
the existence of regions of moderate
to severe corrosive attack apparently
assoclated with high local flow
rates.

At the end of run B-2, after
loop B had run 392 hr on H,0 and 527
hr on U0,80,, the pump impeller was
removed for inspection. During
“pperation it had become slightly
misaligned and had drifted forward
50 that an extensive portion of one-
half of the front face had rubbed
against the hydraunlic positioning
pads in the impeller housing. The
outer part of the face was severely
pitted all around. Welds were
preferentially attacked. The inner
lower velocity parts of the face
were not so heavily pitted. This
impeller was photographed and sec-
tioned and has been the subject of
rigorous examination, not yet com-
plete, by different groups of in-
vestigators.

The flow restrictor was removed
from loop B at this time also. The
restrictor had consistedof an 1/8-in.
thick orifice plate machined as part
of a short length of tubing from bar
stock. The short piece containing the
plate had then been welded into the
system. The upstream edge of the
orifice was attacked with the re-~
moval of a fairly large amount of
metal rather irregularly, as in the
impeller. This attack progressed at
onepoint completely through the plate
as a small channel barely covered by
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the blackened original inner surface
of the orifice. Downstream from the
orifice plate pitting had begun in
the tool marks on the wall of the
machined section and was also found
in and on either side of the weld
region where the machined section
joined the system pipe. The weld
upstream from the orifice plate also
showed pitting. In both of these
welds, considerable weld metal
projected into the flow stream as
berry-like blobs. Precautions
taken in construction should preclude
the occurrence of such welds in the

HEE.

A few inches downstream from the
orifice platein loop B, a cooling
jacket had been welded to the outside
of the pipe. A ring of pits was
found inside the pipe at this point.
This section of the loop is still in
use.

Other sections of the pipe, 1inm
which flow was presumably relatively
smooth, did not display pitting.
Rather, they were covered with a
fairly thick black deposit, easily
removed in flakes, after drying, to
reveal a thinner and more adherent
film. k

At the end of run A-8, after loop
A had operated for a total of 1700
hr, 1360 hr on U0,S80, and O,, the
entire loop was sectioned and the
pump was disassembled for inspection.

The impeller here was more gen-
erally attacked than in the case of
loop B, but it did not display the
small deep pits found in the loop B
impeller. JInstead, the appearance
of the front face was scaly, with
random high and low areas. Welds
appeared to be somewhat more deeply
penetrated than the restof the metal.
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In the impeller housing some
pitting of the weld metal of the
positioning pads was found. The
outer (higher pressure) wall of the
entry of the discharge channel was
heavily attacked 1m an 1rregular
pattern extending a short distance
into the discharge line.

The flow restrictor im loop A
was machined from bar stock and
welded into the loop as in loop B.
The throat was % in. in diameter,
% in. long, and had conical ap-
proaches on each side. The upstream
edge was heavily attacked, and the
downstream half of the restriction
was severely pitted.

The welds in loop A in which full
penetration had not been obtained
showed extension of the remaining
fissures by pitting.

In straight runs of pipe, slight
pitting was found in a number of
areas. Moderate pitting occurred at
points where apparatus had been
welded to the outside of the pipe.

A new impeller was installed for
run B-3, 2% chromic acid at 250°C.
After 12 hr this run was ended
because of a leak. The impeller
had been badly pitted and dimpled,
particularly on the front face,
although the weld spots were not
pitted at all (compare previous
impeller, loop B). Corrosion speci-
mens of stainless steels 347, 316,
and 316 ELC were all pitted in the
same fashion as the 1mpeller,

The impeller was reinstalled and
remains in use for lack of a re-
placement. Runs B-4 and B-5 with
1% HNO; were then conducted as out-
lined in the operational summary.

The as-machined specimens of run
B-4 zach suffered a weight loss of
about 300 mg {exposed arca approxi-
mately 0.8 in.%). The loss was
patterned, apparently being wmost
severe in the highest flow regions,
A few irregular "islands™ of rel-
atively little attack remained.
These islands were covered with a
black deposit. Regions in which
appreciable amounts of metal had
been removed were of a sandy ap-
pearance; some area was blackened,
and some had no visible coating.
In run B-4 the pits in the impeller
increased in nuwber and size.

In run B-5 the annealed specimens
of the three steels were stripped of
metal over theilr entire areas, ex-
cept for a very few small blackened
"islands." The weight loss here was
about 600 mg on each specimen. The
stripped arcas had no black coating;
bare metal of sandy texture appeared
everywhere except in the small pro-
tected islands. The increase in size
and number of impeller pits continued
about as before.

As shown in the operational sum-
mary, run B-6 was a 200-hr UO,SO,
plus O, run following a 6-hr 1% HNO,
pretreatment. The corrosion speci-
mens were those of run B-4, 48-hr
1% HNO,; pretreatment. Very definite
flow patterns of attack were found
on these specimens. Extensive bare
metal areas were bordered by steep
nndercut walls up to 0.020 in. high;
past the borders of the bare areas
considerably less metal had been
removed, and the rough new surface
was blackened. In still less severely
attacked areas tool marks from the
original machining were well defined
through the protecting black layer.
The impeller showed a considerably
increased number of pits after this
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run, some of the shallow smooth
"dimples™ of the previous inspection
having become rough red-bottomed
"pits." At some time during therun,
at least 50 hr before the end, the
specimen of 316 ELC stainless steel
broke out of the pedestal and lodged
in the impeller for the rest of the
run. It is of interest to note that
the pump was not damaged by this
treatment,

Three degrees of corrosive attack
appear on all of these specimens.
Evidently in the beginning a pro-
tective film of some kind 1s laid
down, at least 1n some areas. The
first degree of attack 1s then shown
by those areas (the "islands") in
which the original film is able to
resist removal because of a low local
flow rate or because of an unknown
local surface condition, with the
result that little or no metal 1is
removed. . The second degree of at-
tack 1s represented by the areas
which are blackened, although con-
siderable metal has been removed.
Apparently in those areas the black
film 1s removed by erosion and
re-established by chemical action at
comparable rates, so that metal 1is
consumed at less than the maximum
possible rate. The third degree of
attack is unretarded removal of metal
from a bare surface on which no
protective film can be maintained,
probably because of rapid erosion,
or possibly because these sections
of the surface become anodic in an
electrolytic process. '

From examination of the pipe
interiors and pumps it appears that
the first degree of attack takes
place in the smooth-flow moderate
velocity sections of straight pipe,
and that the second and :third degrees
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of attack take place in regions of
high fluid velocity and turbulence,
and perhaps in and near welds.

Pretreatment. The long suc-
cessful rupns with U0,80, plus O,
in loops A and B wére made without
benefit of any conventional pretreat-
ment. The general corrosion rate
was not excessive, although severe
local corrosion took place. Runs
B-3, B-4, and B-5 were made with
conventional pretreating solutions
to investigate the pretreatment
effect. The general corrosion rate
(dissolved nickel increase) was
about 10 times the rate with UQ,S0,,
and regions subject to accelerated
corrosion were very badly attacked.
The rate of dissolved nickel in-
crease in the UO,80, run immediately
following the pretreatment runs was
somewhat larger than in previous
nonpretreated runs.

These results suggest that U0,S0,
solution bearing O, quickly estab-
lishes at least as good a protectiom
of the system as do the conventional
pretreatments, and with less removal
of metal from the system. Thus the
results to date indicate that pre-
treatment in the dynamic system 1s
useless. It 1s to be emphasized,
however, that this deduction is not
yet based upon sufficient information
to be conclusive.

Future Work. Present plans for
dynamic pump loop operation include
a run with a new loop at 150°C. This
run will be made with no pretreatment
and no added oxygen, if this is
feasible, to investigate solution
stability and coerrosion at this
lower temperature, Comparison of
results obtained in specific high-
flow areas will also be of interest,
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A loop 1s being prepared for
operation in the presence of mixtures
of hydrogen and oxygen. The effsct
of fission products (simulated by
the addition of a "representative"
group of sulfates) will also be
investigated. Ultimately the combined
cffects of stoichiometric guantities
of hydrogen and oxygen and fission
products will be investigated in a
single loop with the objective of

simulating HRE conditions as nearly
as possible.

In view nof the favorable results
obtained in static corrosion tests
with titanium, specimens of this
metal will be comparcd with type
347 stainless steel specimens 1n
high-flow arcas where the attack on
the stainless steel specimens has
been very great.



FOR PERIOD ENDING AUGUST 15,

1951

4. RADIATION STABILITY

H. F. McDuffie,

: J. W. Boyle
F. J. Fitch
T. H. Handley
K. A. Hub

Radiation Experiments in the
Graphite Pile. During the past
quarter a set of three bombs previ-
ously irradiated for a short period
(5 days) 1in heole 12 of the graphite
pile was opened and the contents
were analyzed. A set of five bombs
was removed from hole 60 of the
graphite pile after a very long
period of irradiation [2280 hr (95
days)], allowed to decay for 6 weeks
and then opened for analyses of the
solutions. Residonal solutions from
two untreated bombs, irradiated in
hole 12 at much earlier dates for 7
and 14 days, were analyzed for nickel
in connection with the corrosion
situation. The results of all these
analyses are presented as Table 4.1,
together with some information con-
cerning a set of bombs now under
irradiation in hole 60.

The outstanding conclusion which
might be drawn on the basis of these
experiments is that the longer irradi-
ation has apparently not produced
deterioration of the solution. The
clear yellow solutions removed from
the bombs correlate well with the
observed maintenance of residual gas
pressure during the experiment
(evidence for fission fragment de-
composition of water, from which it
is inferred that uranium was 1n
solution). The relatively low con-
centrations of nickel found in the
solutions (when compared with other

L

Leader

F. Manneschmidt
M. Richardson

Ruth
H. Sweeton

had been heated out

radiation and

solutions which
of the absence of
oxygen, the test given these bombs
before they were subjected to irradi-
ation) are encouraging and indicate
that radiation 1s not increasing the
corrosion problem. Furthermore, the
nickel concentrations are not higher
than those found 1n corresponding

n

irradiation tests of short duration.

With respect to corroesion it
should be emphasized that experience
during the past two quarters has led
to greater knowledge concerning
solution stability. Accordingly, the
experiments now 1n progress are
being rarried out in bombs which
were not heated for long periods of
time in the absence of radiation and
added oxygen. Moreover,
ture of the bombs 1s lowered whenever
the neutron flux of the pile goes
down; thus the present tests
effectively tests of radiation
corrosion and radiation stability
rather than tests of both radiation
and nonradiation conditions.

the tempera-

‘are

Qut-pf-Pile Bomb Experiments,
The experiments, reported in the
last gquarterly,(!? directed to the
use of oxygen both as a pretreating
agent and as a stabilizer during

(1)« Oye-of-Pile Studies of Stainless Steel
Bomb-Fitting-Tubing Assemblies,” Homogeneous
Reactor Project Quarterly Progress Report for
igg{fd Ending May 15, 1951, p. 73 (Oct. 10,

L ;
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In-Pile Radiation Experiments with HRE Constituents

TABLE

4.1

URANTUM CONTENT OF
PRETREATMENT SOLUTION AFTER FINAL URANTUM
SUCCESSIVE OUT-OF-PILE LENGTH OF| INITIAL {URANTUM IN | RECOVERED IN

BOMB TEMP . HEATING PERIODS HOLE |RADIATION|URANIUM| SOLUTION SOLUTION NICKEL
NUMBER TYPE (°C) {mg/ml) FLUX | {days} (mg) (mg) (%) {mg/mij| pH

316 {Nitrate 250 42,4, 42.8, 12-full 5 253 235 92.9 1.29 2. 45

40.9, 42.9

324 |Nitrate 290 42.8, 43.4 12-full 5 252 233 92.5 0.49 2.55

325 i{Nitrate 299 42.4, 44.2 12-full 5 252 216 85.7 1.04 3.567

321 |Nitrate 275 41.6, 44.2, 43.4, 60-full 95 253 206 81.5 0.75 .9

40.6, 40.4, 28.7

328 |Chromate 275 44.0, 66.4, 36.0 60-full 95 265 200 75.5 0.25 3.0

330-D{Chromate 275 38.0, 36.0 60-full 95 209 170 81.5 0.62 3.1

330-S|Chromate 275 36.0 60-full 95 215 175 81.5 0.93 2,85

331-D{Nitrate 275 39.4, <1.0 60-full 95 208 148 71 0.95 [3.35

283 |None 12-full 7 330 282 *t 14 85.5 0.33

304 |None (etched) 12-half 14 181 158 £ 8 87 0.20 4.0

357 Chromate 275 (Inserted 7-23-51) 239

358 Chromate 275 241

356 |Oxygen, 400 psi|275 242

361 |Oxygen, 400 psi}275 233

362 {None 235

LY0dY SSTYo0ud X 1¥ALUVNO J9H



heating with uranyl sulfate have
been carried forward during the past
few months. A repeat set of type
347 stainless steel bombs pretreated
with oxygen in the presence of water
was coupared with bombs having no
pretreatment, both being tested with
urany!l sulfate solution containing
40 g of uranium per liter under
varying oxygen pressures. The re-
sults are presented as Table 4.2.
There 1s no evidence from these
results that the oxygen pretreatment
added significantly to the protection
afforded by the use of oxygen during
the test run.

When solution instability occurs
after a short heating period, there
15 usually formed a black precipitate
in a water-white solution of low
pH.  This suggests partial reduction
of the uranyl ion and hydrolysis to
U,0,. 1In order to test the reversi-
bility of this situation, bomb num-
ber 347 (reported in previous quar-
terly, ORNL-1057, page 75, as bad
after 24 hr heating; no pretreatment
and no oxygen present during heating)
was placed under 400 psi oxygen
pressure- and heated overnight at
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275°C, after whiech the solution was
found to be clear yellow. The ura-
nium content had risen from less
than 2.0 to 52.2 mg/ml. The oxidation
of reduced vwranium back to the hexa-
valent state may have been followed
or accompanied by oxidation of the
ferrous ion to the ferric state,
after which the ferric sulfate was
hydrolyzed while the U0, was re-
converted into uranyl sulfate. This
chemical reaction proceeds with iron
or chromium compounds; nickel, how-~
ever, does not hydrolyze and remains
in solution, tying up sulfate 1ons.
Presumably 1f a stoichiometric
amount. of nickel were removed from
the bomb wall by corrosion the sulfate
would remain unavarlable, and . the
uranium conld be oxidized to UO,
without coming back into solution.

Experiments at Higher Fluxes,
During the quarter a second explora-
tory experiment in a vertical hole
in the LITR was carried out. Using
uranyl sulfate containing 40 g of
uranium per liter and 93% enrvichment,
an equilibrium pressure of 7500 psi
(steam + 2H, + 0,) was reached at
280°C using a 500-kw power level

TABLE 4, 2

Effect of Oxygen on Stability of HRE system

OXYGEN PRESSURE (psi) CONDITION OF SOLUTION AFTER HEATING AT 275°C>
RUN NO. PRETREATMENT TEST 75 hr 240 hr
349 200 200 Precipitated Precipitated
350 400 400 Clear yellow Clear yellow
351 600 600 Clear yellow Clear yellow
352 None 200 Clear yellow Clear yellow
353 None 400 Clear yellow Clear yellow
354 None 600 Clear yellow Precipitated
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TABLE 4.3

G Values for HRE Reflector Solutioms

SQLUTION G VALUE REMARKS
500 ppm Na PO, 0.7 - 0.8 All determinations were at less
than atmospheric pressures and
250 ppm NayPO, 0.7 - 0.8 at pile-ambient temperatures
0.005 N NaOH 0.7 - 0.8
Saturated Mg(OH), 0.6 - 0.7

(half flux).
power levels up to 1000 kw, tempera-
tures up to 280°C, and pressures up
to 8000 psi. After the experiment
was terminated because of mechanical
difficulties the apparatus was re-

Data were obtained at

designed in the interests of greater
safety and convenience of operation.
The modified apparatus 1is now being
finished in the shops and 1s nearly
ready for assembly and testing.

For long-term irradiations 1in
horizontal holes of the LITH careful
calculations have been carried out
with respect to gamma heating, heat
transfer, temperature control, and
shielding. Apparatus for these
irradiations has been designed, and
the critical parts are now being
tested 1in the laboratory.

Radiation Effects on the HRE
Reflector System, An estimation of
the gas evolution to be expected in
the reflector has been made by
irradiating quartz ampoules filled
with light water containing 500 ppm
of trisodium phosphate (Na,P0O,), 250
ppm of trisodium phosphate, 0.005 N
NaOH, or saturated with Mg(OH),.
Bombs made of SAE 1030 carbon steel

containing solutions of 500-ppm
trisodium phosphate or saturated
Mg(OH), gave indications of the
steady-state pressures to be expected
in gamma and neutron fluxes comparable
to those of the graphite pile and at
temperatures of 100 to 140°C.

Estimations of the G values for
the above solutions have been made
on the basis of ampoule studies and
are presented as Table 4.3. G 1is
calculated as the number of hydrogen
molecules produced in the solution
per 100 ev of energy input. The
energy input was determined from the
value for water given by D. M.
Richardson in ORNL-129.(2) The
energy from the n-p reaction on
phosphorus was neglected.

It appears that oxygen over the
solution increases the decomposition
rate slightly, whereas hydrogen over
the solution decreases the decom-
position rate slightly.

(2)p, M, Bichardson, Calorimetric Measurement
of Radiation Energy Dissipated by Various
Materials Placed in the Oak Ridge Pile, ORNL-
129 (Oct. 1, 1948).
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Instrumental troubles have limited
the accuracy of the determination of
the steady-state pressures in metal
bomb systems under 1irradiation. The
first 3 or 4 days of the test showed
a gradual pressure increase with a
tendency to level off. After an
irradiation of 3.5 weeks at 100 to

+140°C there was 30-psi residual gas

pressure (2H, + 0,) over the Mg(OH),
system and 90-psi residual gas

‘pressure over the 500-ppm Na, PO,

system.

Further work is in progress using
D,0 instead of H,0 as a final check
on the gas production by the reflector
system. :

Plans for Next Quarter. Exami-
nation of the heavy-water reflector
system will be carried to a defiunite
conclusion, using heavy water from
the same containers and in the same
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condition as that which will be used
in the HRE.

Long-term irradiations in hole
60 will be continued, and shielded

" facilities will be provided so that

bombs can be opened and solutions
can be analyzed without the necessity
for'a long radioactive cooling period.

Apparatus for further exploratory
experiments using a vertical hole in
the LITR will be completed, and the
experiments will be resumed. Par-
ticular attention will be given to
studies of uranium peroxide precipi-
tation under different combinations
of flux and temperature.

Apparatus for long-term irradi-
ations 1in the LITR using horizontal
beam holes will be completed, 'and
experiments will be initiated.
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5. ENGINEERING COMPONENT STUDIES

C. B. Graham, Leader

J. 0. Bradfute C. W.
J. S. Culver H. 1.
J. I. Gonzalez R. A.
P. N. Haubenreich J. A.
C. G. Heisig w. L.

MECHANICAL ASPECTS OF
SOUP RECIRCULATING TEST LOOPS

P. N. Haubenreich C. G. Heisig
H. I. R. A. Lovenz
Ww. L. H. C. Savage

Kraig
Ross

Operation of the soup recirculat-
ing test loops has established the
requirements necessary to malntain
solution stability and minimize cor-
rosion {(see section on Dynamic Corro-
sion Studies, p. 42). The essential
requirement appears to be an adequate
supply of dissolved oxygen in the
recirculated solution. An exygen
concentration as low as 20 ppm has
maintained solution stability satis-
factorily for periods as long as
several hundred hours.

To maintain the required oxygen
concentration the following two meth-
ods have been used.

1. Diffusion of oxygen gas at
300 to 500 psi* from the pres-
surizer inta the loop).

2. Oxygen gas at 50 psi in the
pressurizer and with a2 bypass
of approximately 0.5 gph of
condensate from the top of the
pressurizer to the rear of the
pump rotor cavity and into the
loop through the pump.

*All He and/or O, pressures are those
measured with the systewm at room temperature.

Keller H. C. Savage
Kraig TI. Spiewak
Lorenz R. Van Winkle
Ransohoff R. H. Wilson
Ross C. D. Zerby

Test loop A has been run ~800 hr
(runs A-7 and A-8) with uranyl sul-
fate, and solution stability has been
satisfactorily maintained using an
oxygen partial pressure in the steam
pressurizer, In run A-7 a total gas
pressure (oxygen t helium or oxygen)
of 300 to 500 psi* was mecessary to
maintain solution stability. The
system consisted of a vapor space of
approximately 4 liters above 9 liters
of solution. With lower gas pressures
it was necessary to operate the pres-
surizer at substantially 285°C to
maintain the system pressure of 1000
psi. Under these conditions the
pressurizer very effectively stripped
the oxygen out of solution. With
oxygen pressures of 300 to 500 psi,
the pressurizer could be operated at
lower temperatures (~250°C) and still
maintain the required system pres-
sure. Under these conditions an
adequate amount of oxygen was present
in the solution to prevent uranium
reduction. This condition had one
disadvantage in that all undissolved
gas accumulated in the rear of the
Westinghouse pump and periodiec vent-
ing was required. In addition to
endangering the pump bearings, the
gas was soon vented off so that the
required pressure was lost and fre-
quen't shutdowns were required for
oxygen additions. One additional
fact which emerged from the above
tests was that the oxygen and/or
helium gas and steam stratified, 1.e.,
the oxygen and/or helium remained in
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the topmost part of the pressurizer
vapor space and the steam in the lower
part. This was verified by pressure
measurements and by a temperature
survey through the vapor space. This
same effect 1s found by the Argonne
group in their work with a loop in the
X-10 pile and by others.

These observations led to the in-
stallation of a bypass line connecting
the top of the pressurizer te the
rear of the pump rotor cavity. With
the pump in operation, the pressure
difference between these two points
will maintain a flow of condensate
and gas to the rear of the pump cavity
and thus to the recirculating line.
A condenser in this bypass keeps the
fiuid cool. A flow rate in the order
of 0.5 gph or less will result in
solution stability. Oxygen pressure
in the pressurizer (measured cold} 1is
not over 50 psi. In order to de-
termine or estimate the amount of oxy-
gen in solution reguired to maintain
stability, samples of soup for analy-
sis of dissolved gases are taken at
operating conditions. Based on the
method of sampling and analysis now
in use, oxygen concentration as low
as 20 ppm will maintain solution
stability. Using the same procedures,
a sample taken from a thermal loop
in which precipitation of the uranium
had started showed zero oxygen con-
centration in the solution.

Examination of Loop After Opera-
tion. At the conclusion of run A-8

- on pump recirculating loop A, the pipe

was removed and cut up for inspection
and evaluation of corrosion and ero-
sion in the loop. The loop operating
time was 1750 hr. Corrosion in the
form of pitting was evident at sec-
tions of the loop with reduced cross-
sectional area and in highly turbulent

.areas (around welded pads in impeller
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housing). Most of the interior of
the 1%-in. Schedule 80 pipe (type
347 stainless steel) was in very good
condition and had a smooth, tightly
adhering, black coating. Corrosion
was also noted at welded joints where
excess metal had penetrated the joint.
This loop had been subjected to nu-
merous precipitations, etches,: and
passivations and was in relatively
geod condition considering these fac-
tors. The loop is now being rebuilt

. using l-in. pipe and maintaining the

same standard of welding in use on

the HRE.

A second pump loop, designated as
loop B, was completed and is now run-
ning. ‘An operation time of 1400 hr
has been accumulated on loop B, ap-
proximately 1000 hr with uranyl sul-
fate. Operating conditions have been
250°C 4in the recirculating line,
285°C and 1000 psi pressure in the
pressurizer. Uranyl sulfate solution
containing ~40 g of uranium per liter
has been used entirely. The pipe in
loop B is 1-in. pipe with average
velocities of ~30 ft/sec.

A section of the pipe in loop Bwas
removed after ~1000 hr operation (~500
hr with uranyl sulfate). The corro-
sion effects were approximately the
same ‘as in loop A. Pitting was ob-
served at restricted sections and at
welded joints where excess weld metal

had penetrated the joints. This sys-

tem had not been subjected to as
wide a variety of conditions as loop
A but had been attacked by 2% chromic
acid during a passivation. Chromic
acid 1s too corrosive for use in the
loops and causes excessive pitting.

Pretreatment of the Loops. In re-
gard to the pretreatments necessary
in the HRE system for solution sta-
bility and/or reduced corrosion rates,

57



HRP QUARTERLY PROGRESS REPORT

the following observations have been

made in the pump loops:

f

1. Passivation with 1% HNO; or 2%
CrO; does not appear to enhance
solution stability. Solution
stability is maintained only by
a sufficient concentration of
oxygen 1in solution.

2. Passivation does not appear to
reduce corrosion rates as meas-
ured by nickel concentration in
samples of solutions taken dur-
ing operation.

In general the only requirement
seems to be that the loops be clean
and free of grease. This is only
desirable to the extent of solution
contamination and protection of pump
bearings. In other words, no dif-
ferences insolution stability or cor-
rosion rates (although very little
information is available as yet) is
noted, whether the loop 1s run with a
minimum cleaning (such as circulating
a 3% solution of trisodium phosphate
at ~150°C in the loop followed by
thorough rinsing withdistilled water)
or whether the system is carefully
etched with acid followed by passiva-
tion with 1% nitric acid at 250°C.

The above points are being inves-
tigated as thoroughly as possible,
and just recently all loops were pro-
vided with openings and holders for
corrosion samples,

A thicrd pump recirculating loop,
loop C, has heen used only to test a
Model 30A Westinghouse pump. This
pump was run ~300 hr recirculating
water and was sent to the HRE site
for installation in the D,0 system.
A model 100A pump has been installed
in loop € and test work will begin

in a few days. Present plans are for
this loop, with corrosion samples,
to be run with uranyl sulfate at 150°C
to determine differences in solution
stability and corrosion rates as com-
pared to 250°C.

Long range plans include the con-
struction of ~12 additional pump re-
circulating test loops. However, two
or three additional loops will be
constructed as soon as possible to
be used as follows:

1. One loop to be used for mechan-
ical test work on Model 1004
pumps.

2. One loop to be constructed with
a letdown system (heat ex-
changer, valve, etc.) and a
Pulsafeeder pump. This system
will be used to test corrosion
rates and solution stability inm
this part of the HRE. It may
be possible to do some of this
work in the mock-up on the first
floor of Bldg. 9204-1, Y-12

Area.

3. One loop will be constructed
of steel and will have a Model
30A pump installed to check
corrosion rates of the D,0 sys-
tem.

Westianghouse Pump, Model 100A. A
recirculation pump bearing program to
increase the reliability of the
Westinghouse 100A pump has involved
the proper selection of materials and
design for the bearings.

At the present time the Model 100A
Westinghouse pump as modified with
Stellite 98M2 journals (and possibly
Stellite 98M2 bearings), improved
thrust pads, and tantalum seal rings
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1s believed reliable enough for
installation in the HRE. It 1is be-
lieved that a minimum of 3000 tvo
4000 hr of trouble-free operation
would be expected, providing the
seal rings continue to operate satis-
factorily. The metal bearings appear
to be just as satisfactory but less
operating experience has been accumu-
lated. A new bearing design would
possibly increase the life expectancy
of the bearings and allow the elimina-
tion of the thrust pads. The pads
are a source of concern from the
corrosion standpoint.

Bearings. Several of the Stellite
materials have been tried with ex-
cellent results. The pump in test
loop A is equipped with Stellite No.
6 journals and Graphitar No. 14 bear-
ings. After 1750 hr operation, wear
was not measurable by the methods
used (<0.0005 in.), except for an
initial wear of ~0.001 in. resulting
from oxide particles during a pre-
cipitation.

Since chemical results indicated
that carbon was deterimental to scolu-
tion stability, a metal to metal
bearing was installed in the pump in
test loop B. Stellite 98M2 was used
and 1s now considered the best ma-
terial tried to date. These bearings
were operated for ~1000 hr. At this
point a routine shutdown revealed that
wear on the thrust surface of the
front bearing was excessive. This
wear resulted from excessive thrust
load which developed when the stain-
less steel seal rings corroded ex-
cessively. No wear of the radial
surface could be detected. This
pump 1is now operating with Stellice
98M2 journals and Graphitar No. 14
bearings. At the present stage, the
Stellite 98M2 journal against Graphitar
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No. 14 bearings appears to be the most
reliable combination. This combi-
nation seems to give better service
on the thrust surfaces as compared to
the metal to metal bearing as pres-
ently designed. Operating time on
Stellite 98M2 and Graphitar No. 14
is ~500 hr in the pump.

Based on the approximate experi-
mental evidence accumulated there is
no apparent difference in solution
stability or the amount of oxygen
required 1n loops with and without
the Graphitar pump bearings.

Investigation has shown that the
bearings as designed are not capable
of withstanding possible thrust loads
developed by the pump. The present
solution developed by Westinghouse is
the addition of welded pads on the
frent and rear surfaces of the impel-
ler housing. With these pads it 1is
possible to eliminate the thrust load
on the bearings by proper location
of the impeller. However, there are
two distinct disadvantages to this
method: (1) The thrust pads are
close to the impeller and areas of
high velocity and turbulence are
created with a resulting increase in
the corrosion rate, and (2) there is
no gnarantee that the thrust load 1is
permanently eliminated. Wear or cor-
rosion around the impeller seal rings
changes the hydraulic thrust balance.
Thus, a pump initially balanced with
respect to thrust wmay become unbal-~
anced enough to cause bearing wear
after a period of operation.

A bearing has been designed with
an area large enough to take the max-
imum expected thrust loads. The
design also features a self-aligning
bearing face. This design is expected
to permit elimination of the thrust
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When the pads have been re-
moved, the pump wil!l be tested for
thrust load, and, if excessive, the
diameter of the seal rings will be
changed. 1In this way, the magnitude
of the thrust load mav be reduced to
a satisfactory value.

pads.

One method of correcting the dif-
ficulties resulting from the thrust
pads i1s to refine the pads and install
more reliable seal rings. Since the
pads on the pumps received are un-
finished weld metal applied with the
electric arc welder and are of non-
uniform height, a rework 1s mandatory
to minimize corrosion if the pads are
retained. On one pump, the original
pads bave been removed and new pads
applied with the Heliarc welder. These
new pads were carefully machined to
a uniform height and polished. No
operating data on these pads are
available to date. With respect to
the seal rings, several different
types are under trial. However, no
conclusive results have been obtained.
At present, rings of tantalum show
the best corrosion resistance.

Double-Discharge Pumo. Tominimize
the radial load on the bearings a
double~discharge pump was tested on
the radial load tester. Tests showed
the radial load with open discharge
to be 1/2 to 1/3 that of the single-
discharge pump. Unfortunately, this
saving is negated by a vibration con-
dition which is induced in the pump
by the new flow conditions. There 1is,
however, scme optimum operating point
where throttling of one discharge will
present the most mutually desirable
condition of radial load and vibra-
tion. The vibration may also be re-
duced or eliminated by reducing the
diameter of both discharge throats.
This was not tested, and no further
work is contemplated on the double-

discharge pump since other correc-
tions have reduced the wear on the
radial bearing faces to asatisfactory
value.

Pulsafeeder Pumps. A Model 5-100
Lapp Pulsafeeder pump has been under
test for some time. This pump is
rated at 1 gpm at 1000 psi. As re-
ceived, this pump contained stainless
steel diaphragms in bolted heads.
Diaphragm failure was noted after
1000 hr of operation with uranyl
sulfate at ~80°C and pumping at rated
head and flow. Cause of the failure
i1s unknown. Studies of the diaphragm
are under way, but ne specific reason
for failure has been found as of now,

The diaphragm in the intermediate
head was replaced, and a new remote
head of all welded construction was
installed. To date these two heads
have been in operation ~1700 hr (~1300
hr on soup) with no apparent failure.
A sample of water i1s taken from be-
tween the heads at regular intervals
to check for any leakage of either
oil or soup.

OPERATION OF THUE HRE MOCK-UP

J. S. Culver C. W. Keller
J. A. Ramsohoff R. Van Winkle
R. H. Wilson C. D. Zerby

The problem of removing gas from
the core of the HRE has bezn studied
in two steps. Early work centered
around development of & geometry for
the core 1tself to provide a means
of removing the gas as rapidly as
possible from the critical volume,
Once the gas was removed from the
critical volume. Once the gas was
removed from the core there still
remained the problem of reducing its
pressure to essentially atmospheric
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where it could be handled by the re-
combiner system. The latter problen
has occupied a good portion of the
effort expended on the HRE mock-up.

The capacity of the Pulsafeeder
pump has been increased resulting in
improvement in the performance of the
letdown system. The 10- and 40-kw
boilers are operating satisfactorily,
although some improvement in con-
trols is desirable.

The recombiner system is being
tested and is fundamentally satis-
factory. Anumber of improvements are
required, and an operating technique
is being developed.

Letdown System. Previous quarterly
reports have covered early develop-
ments of the gas and liquid letdown
system in some detail, so this report
will be confined to the system which
is now proposed for the reactor.

The system as tested with water
and helium operates satisfactorily
with the limitation that the ligquid
flow from the Pulsafeeder must be
kept greater than 0.8 gpm. Since
the normal output is 1.5 to 1.6 gpm,
the condition is met except 1in case
~of gas binding of the pump. Several
relatively minor details must be
checked before the letdown system
can be considered to be completely
satisfactory. These include: (1)} the
effect of recommended changes 1in the
inlet and discharge connections to
the exchanger, (2) final adjustment
of the pressurizer level control
(discussed elsewhere in this report),
and (3) the severity of corrosion
under operating conditions.

Since approximately 1 gpm of liquad
is removed with the gas, the princi-
pal problem studied was the inherent
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tendency for slugging found in two-
phase flow systems. Under certain
condicions, this slugging would ini-
tiate a continuous series of large
rhythmic pressure surges or oscilla-
tions at the letdown valve. The
effect of these surges was trans-
mitted back to the core and pres-
surizer, causing a change 1in volume
of the vortex void and a continually
changing pressurizer level. Since
the letdown valve is controlled by
the pressurizer level, such surges
would make smooth automatic control
itmpossible.

A satisfactory system is one in
which the letdown system is discharged
surge free under all normal condi-
tions of gas flow and temperature to
be encountered in reactor operation.
All efforts have been directed to this
end, and the resulting system and
its limitations are described below.

Apparatua. Referring to Fig. 5.1,
it 1s seen that the entire mock-up
flow sheet duplicates the reactor
soup system in all details except for
the main soup heat exchanger which
has already been installed at the
reactor site. The critical items
such as the pressurizer, letdown heat
exchanger, and letdown valve are all
identical to those to be used in the
reactor. The core itself 1s geo-
metrically identical to the reactor
core, and a 100A Westinghouse pump
ts5 used to provide circulation of
the main soup stream. Water was used
in all tests, and helium was injected
into the soup inlet port to simulate
the H, and O, expected to be generated
in the resactor.

A small constriction in the let-

down stream close to the core and a
surge tank in the system adjacent to
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the letdown valve were removed from
the original system to provide as
clean a system as possible with a
minimum of high-velocity passages
which might promote cavitation or
corrosion. Although this simplified
system 1s not stable over as wide a
range of conditions as the original,
it is deemed satisfactory for all ex-
pected operating conditions.

Performance of the Letdown Systeu.
All tests show that when the soup
output of the Pulsafeeder pump (1.6
gpm) is flowing through the letdown
valve with the gas stream, the system
will not oscillate at operating tem-~
peratures between 100 and 250°C. (as
flow was varied from 0 to 1000 cfh,
which is equivalent to the expected
gas flow at 1000 kw based on 50 ev
per molecule of H,0 dissociated.

In an effort to understand better
the nature of the conditions produc-
ing the oscillation, the liquid flow
rate was progressively reduced and
the gas rate was continually varied
over awide range. This investigation
revealed a minimum liquid flow which
will give steady operation. This
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minimum ligquid flow varies with the
temperature of the system entering
the letdown heat exchanger. The
results are shown in Fig. 5.2.

Fronm the standpoint of the reactor
design, one can feel reasonably sure
that if the system is identical to
the one tested and the liquid flow
exceeds the minimum indicated on the
curve, no oscillation will occur.
Any small change in geometry must be
thoroughly tested since such seemingly
unimportant details as the small con-
striction 1n the letdown streanm,
direction of approach te the letdown
valve, and accidental constrictions
in the letdown heat exchanger have
profound effect on the stable range
of the system., A deévice will be de-
veloped to measure ‘the flow to the
Pulsafeeder pump and to give a signal
if it drops to 1 gpm.

Bevelopment of Pulsafeeder Pump.
Tests of the Pulsafeeder pump as re-
ceived, but installed with piping to
simulate the reactor arrangement
{i.e., distance of oil and water
piping and location of water and
soup heads), showed the maximum re-
liable output to be 0.6 gpm at 1000
psi. Based on experience with the
letdown system, this was known to be
insufficient to prevent oscillation
of the high-pressure system. Con-
sultation with the manufacturer of
the pump established a maximum safe
displacement in the heads for reason-
able diaphragm life. This maximum
displacement was more than the dis-
placement required to pump 1.6 gpm.
A larger diameter piston and cylinder
for the oil pump was ordered from
Vickers Company.

To allow immediate testing with
the Pulsefeeder pump, a brass cylinder
and steel piston fitted with cup
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leathers was designed and built. It
has operated quite successfully, but
it has an expected life of only a few
months. This o1l cylinder has the
same displacement as the one ordered
from Vickers and delivers 1.5 to
1.6 gpm at 1000 psi.

The effect of heating the 1inlet
water is small and the pump 1s ap-
parently capable of handling a rela-
tively large volume of gas 1in the
water. Quantitative studies of the
ability of the pump to handle liquid
with gasare planned for the immediate
future.

40- and 10-kw Boilers. The two
electrically heated boilers have
operated quite satisfactorily. The
10-kw boiler heats the pressurizer
and 1s controlled by a pressure
switch on the soup pressure. In
general, the pressure in the pres-
surizer can be held at 1000 psi + 20
psi by this device. The boiler op-
erating pressure is from 1000 to
1300 psi.

The 40-kw boiler serves to heat
the soup stream and gives good con-
trol of the soup temperature con-
sidering the large changes in load
when liquid flow and gas flow into
the system are changed. A maximum
temperature of 260°C has been obtained
in the circulating system. This is
limited by the 750 psi safety valve
on the boiler which starts to leak
slightly at 675 psi or above. Since
no means of filling the boiler at
high pressure has been provided, the
level drops as soon as the safety
valve leaks, causing shutdown of the
boiler.

Soup Pressurizer. The pressurizer
in the mock-up is a duplicate of
the one to be used in the reactor and
operates quite well. Considerable

pressure variation has been observed
with level changes corresponding to
the compression of the steam (and
gas, if present). Level changes may
be produced by closing the letdown
valve or by the introduction of gas
into the core. Pressure changes as
high as 300 psi have been noted over
a period of several minutes. No 1ll
effects are anticipated or observed
as a result of these changes, par-
ticularly since they are believed to
be negligible under normal operation.

Some difficulty has been experi-
enced 1n maintaining smooth pressure
control in the pressurizer. This
is believed to be due to the sluggish,
slow response of the steam generator
to changes of pressure in the pres-
surizer.

Recombiner System. The HRBE flow
sheet for the soup off-gas recombiner
system operates satisfactorily at
steady flows between 1 and 15 scfm;
howaver, when the gas flow is rapidly
reduced from the maximum flow rate
of 15 to 1 scfm, gas and steam flow
from the first condenser to the burner
chamber is stopped momentarily, long
enough to cause flashbacks from the
burner nozzle to the first condenser.
Several minutes are required to heat
the first condenser enough to allow
sufficient steam and gas to flow
through the burner nozzle to prevent
flashbacks. All flashbacks have
been guenched in the first condenser,
for the gas and steam mixture entering
the first condenser is noncombustible
at all times. The soup evaporator
produces enough steam by itself to
dilute the gas entering the first
condenser to 28% gas and 72% steam at
a flow of 15 scfm of dry gas. This
dilution has been found by the pilot
plant group to cause all flashbacks
to be gquenched in the condenser.



Some changes in the flow sheet
have been proposed in an attempt to
eliminate the flashbacks when gas
flow is rapidly reduced and to allow
the burner to recombine all the gas
down to flows as low as ~0.03 scfm.
By injecting about 5 1lb/hr of steam
into the gas line from the first con-
denser to the burner, and into the
line between the burner and the cat-
alytic recombiner, the pilot plant
group has been able to affect smooth
burning at the nozzle at gas flows
as low as 0.025 scfm. Eguipment has
been installed to test these changes
and .tests are under way.

Excessive erosion has been ob-
served on the spark plug electrode
used in the pilot plant tests. 1t
has been recommended that a magneto
driven by a variable speed motor
(to get 5 to 10 sparks per second)
be used in place of the 10,000-volt
60-cycle a-¢ ignition transformer,
and that a platinum electrode be
substituted for the tantalum elec-
trode to minimize electrode erosion.

Preliminary tests usinganairplane
magneto, obtained from the Power
Plant Laboratory at Wright Field,
indicate that frequency of sparking
influences the smoothness of burning
at the nozzle at low flows of gas
(H, *+ 0,). This matter is being in-
vestigated in conjunction with the
tests on burner operation at low gas
"flows (ranges between ~0.3 and 0.5
scfm).

MIXING IN THE HRE CORE

J. 0. Bradfute J. I. Gonzalez
1. Spiewak

A study has been made to evaluate
the mixing characteristics of the
HRE core and to improve the mixing
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in the regions which normally are
partially stagnant. This work has
been carried on in a transparent,
full-scale plastic sphere. Data are
obtained by introducing dye into the
mode !l and measuring variation of con-
centration with time. Observations
are made at various points 1n the
vessel by means of movable probes.

It has been found that liquid
rotates in a relatively stable orbit
in the body of the sphere and mixes
with liquid bypassing along the walls
of the vessel. In the northern hema-~
sphere, which includes the inlet ‘and
outlet connections, this bypass goes
rapidly from the inlet to the outlet.
In the southern hemisphere the stream
finds a vertical path through the
central axis of the core to the out-
let.

As a result of the flow mechanism,
there is a region which is mixed
poorly with respect to the average
in the sphere. This region is located
in & cylinder of about 6-cm inside
radius and ll-cm outside radius. The
sphere tadius i1s 22.9 cm. A more
complete description of the flow
pattern is found in ORNL-990.(?)

Quantitatively, mixing in the
stagnant area requires about six
times as long as the average for the
entire vessel, with no density gradi-
ents in. the liguid. This relation
does not change appreciably with
changes in the Beynolds number in
the sphere. The Beynolds number was
varied by a factor of 8 by means of
changes in flow rate and viscosity.

(1)1, Spiewak and J. O. Bradfute, ‘ Mixing
in the HRE Core,” Homogeneous Reactor Experiment
Qnarterly Progress Report for Period Ending
{i’sg{)unry 98, 1951, ORNL-990, p. 31 {(May 18,
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Presence of density variatioms 1in
the sphere improves the mixing of the
stagnant regilon by virtue of centrif-
ugal effects. Introduction of cold
water into a sphere contalning hot
water with accompanying density vari-
ance up to 0.9% produced no observable
difference in the rate of mixing.
However, introduction of methanol
solution, with density differences
of up to 6%, showed there was con-
siderable i1mprovement in the mixing
rate.

The density variation of the soup
flowing out to the soup flowing into
the reactor operating at 1000 kw will
probably amcunt to about 5%. If this
density variation along 1s relied
upon to cool the stagnant area,
indications are that the effective-
ness of the mixing may be marginal
at 250°C and 1000 -kw operation. Over-
heating could be avoided at lower
temperatures or lower power levels.

Should HRE operating experience
show that stagnant regions 1in the
core will prevent satisfactory opera-
tion up to 250°C and 1000 kw, it will
become necessary to employ mechanical
obstructions which distribute the
flow properly. These core baffles
will be required to strike the proper
balance between: (1) effect on mix-
ing, (2) effect on gas removal, (3)
effect on reactivity, and (4) struc-
tural strength and resistance to
fatigue.

OBRNL-1057¢%) describes the pre-
liminary development on baffles.
Cylindrical cantilever rods were
found to be the most promising type

(2)« Mixing in the HRE Core,’ Homogeneous
Reactor Project Quarterly Progress Report for
Period Ending May 15, 1951, ORBNL-1057, P. 104
(Oct. 10, 1951{.

of baffle with respect to the criteria
indicated in the previous paragraph.
These rods were mounted along radii
in the horizontal equatorial plane
of the sphere. The optimum length
was 7 1in., bringing the rods out
from the sphere wall, through the
stagnant layer, and just into the
updraft going to the outlet. The
rotational flow is normal to these
rods, producing a turbulent pressure
loss behind them. Liquid flows
toward the center in this low-pressure
area and greatly improves the mixing
in the stagnant region.

Further work has since been carried
on to optimize the rod design. If
baffles are necessary for the HRE,
the following arrangement is proposed:

1. A stainless rod 7 in. long,
tapered from 1/8 in. at the tip
to 1/4 in. at the base, 1is
welded to the sphere wall in a
radial position in the hori-
zontal equatorial plane. This
rod is displaced 90° from the
inlet connection.

2. A similar rod is welded to the
wall in a radial position 1in
a horizontal plane 4 in. below
the equator. This rod is dis-
placed 270° from the inlet.

3. A rod 4 in. long, tapered from
3/16 in. at the tip to 1/4 in.
at the base, 1s welded in a
radial position 1n a horizontal
plane 4 in. above the equator.
This rod is also displaced 270°
from the 1inlet.

The taper has been introduced to
make the rods less susceptible to
resonance vibrations and to increase
the strength of the rods at the base,
where the maximum stress occurs. The



number of rods specified 1s believed
to be the minimum to bring about
effective destruction of the stagnant
region, and their arrangement was the
most effective obtaimable by trial
and error in the plastic model.

Using these rods the maximum ob-
served residence time in the sphere
was 15% above the theoretical average.
The rate of bubble removal into the
central vortex is close to the rate
without baffles. However, the vortex
suffers from increased precession and
irregularities. These are not great
enough to introduce serious fluctua-
tions in .reactivity, but they will
contribute slightly to the gas holdup.

There is no resonance vibration in
the baffles between 50 and 140 gpm
which might be considered the extreme
limits of flow in the HRE recirculat-
ing system. There is a condition of
resonance somewhere below 50 gpm,
but the amplitude of the vibrations
at very low flows is quite small.
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There is present at all flow rates a
forced vibration stemming from turbu-
lence in the flow through the sphere.
The maximum observed amplitude of
this vibration has been 1/32 in. at
the tip of the rods. This leads teo
a repeated bending stress of 5400 psi
near the root of the rods. The
dynamic bending stress is at right
angles to a static bending stress of
4700 psi produced by the velocity
pressure of the rotating fluid.

For purposes of evaluating the
possibility of fatigue, only the
dynamic stress need be considered.
The endurance limit of type 347 stain-
less steel at 250°C 1s approximately
30,000 psi. Thus the safety factor
on the rods 1s 5.5. Because of the
possibility of corrosion fatigue, this
safety factor is not necessarily
adequate. Dynamic tests will be made
of tapered rods in the test loops
and in the wock-up to examine further
the possibility of failure when op-
eyating in soup.
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6.
H. M. Mcleod,
D. W. Kuhn M.
A. D. Ryon D.
A. A. Palko T.

Work during the past gquarter was
concentrated on a contianuation of
the pilot plant testing of the HRE
recombiner system and on small-scale
tests to (1) investigate the feasi-
bility of recombining undiluted
electrolytic gas by means of massive

metal catalysts, (2) complete the
development of a high-pressure re-
combination method for the HRE re-
flector system, and (3) complete the

studies of removal of iodine from the
gas stream priof to 1ts introduction
to the catalytic recombiner.

LABORATORY SCALE STUDIES

D. ¥. Kuhn A. A. Palko
A. D. Ryon M. J. Fortenbery
100% Conversion. Upon passing a

mixture of hydrogen, oxygen, and
steam through a platinum catalyst,
one may readily convert greater than
99% of the hydrogen to water. If
conversions greater than 99.99% arc
desired, however, 1t would appear
that a two-stage catalytic unit would
be most advantageous. That 1s, the

off-gas from the first catalytic unit

RECOMBINATION OF HYDROGEN AND OXYGEN

Leader

J. Fortenberry
Phillips

S. Mackey

would be cooled to condense and re-
this would greatly re-
the gas volume to be handled
and also allow the concentration of
hydrogen-oxygen to be increased to
any desired level. This small volume
of gas mixture containing perhaps 2
to 10% electrolytic gas in steam
could be passed through a
secondary catalyst bed and react to
the extent of greater than 99%, giving
an over-all conversion of greater
than 99.99%. Such performance is to
be expected based on single-stage
catalytic tests. In order to demen-
strate that this could actually be
carried out, an experimental two-
stage catalytic recombiner has been
operated in the laboratory. The
results, as given in Table 6.1, show
that 100% conversion is closely ap-
proximated in a two-stage catalytic
unit.

move Steam;

duce

small

It should be pointed out that the
gas passing out of the second cata-
lytic unit was not electrolytic gas,
since 1t contained excess hydrogen
and carbon dioxide and very little

TABLE 6.1

Two-Stage Catalytic

Kecombinztion

$.2% Pt on A1203

68




oxygen. Hence 1t was necessary to
have gas samples analyzed and to base
the conversion data on the amount of
recombinable mixture passing through
uncombined.

Conversion Inside Tubes. The in-
teresting possibility of recombining
electrolytic gas catalytically on
metal surfaces without the necessity
for diluting the reactants has been
considered. The principal require-
ment to be met in such experiments
is that means must be provided for
the removal of the heat of reaction
at a rate sufficient to maintain
every part of the system below the
ignition temperature of the gas mix-
ture. This has been accomplished by
completely immersing metal tubing in
a fused KNO,-NaNO, salt bath. Copper,

silver, and nickel have each been
OFFIZIAL USE ONLY
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100 prerrreg NSO | T X Il
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GAS FLOW RATE PER UNIT OF INTERNAL
TUBE SURFAGE (cesminsem2)

Fig. 6.1 - Recombination of Un-
diluted Electrolytic Gas in Metal
Tubes.
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found to exhibit catalytic activity
which improves markedly with increas-
ing temperature. All of the experi-
ments exXcept one were rup using un-
packed tubes. In one case, a 5-ft
length of %-in. copper tubing (0.41-
in. i.d.) was packed with copper

pellets. The results of this work
are shown in Fig. 6.1 and in Table
6.2. : '

The results of this work show that
a large-scale catalytic conversion of
H, + O, on copper may be entirely
feasible. For example, a surface
area of approximately 15 sq ft of
copper is capable of converting 1 cfm
of electrolytic gas at an operating
temperature of 440°C. It is planned
to continue these studies, covering
a wider range of flow rates, tempera-
tures, and tube diameters in order to

TABLE 6.2

Coaversion of Undiluted Klecitrolytic
Gas in Copper Tube

Gas flow rate, 5B8B cc/min

Copper tube, 5 ft long,
0.41 1in. 1.4.

SALT BATH

TEMPERATURE PERCENT CONVERSION
(°C) UNPACKED TUBE | PACKED TUBE(®
250 4.7
285 o 61
300 32 : 82
320 53 95
342 80 100
368 96 ‘

(910 to 18 mesh size.

69
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provide sufficient data to permit
design of large-scale units of this

type.

Catalysts 9Other thas Platinum. A
catalyst containing 35% V,0,-65%
Al,0; was tried out with mixtures of
electrolytic gas and steam and also
with undiluted electrolytic gas.
Using 7.9% electrolytic gas in steam
at 430°C, the conversion was 22% com-
plete. The steam flow rate was 5.5
liters/min, and the space velocity
was about 7000 hr-!. Thus the per-
formance of this catalyst is rather
When used with undiluted elec-
trolytic gas, the percentage con-
version was better, but flashbacks
were encountered at apparent catalyst
temperatures of 350 to 360°C. At a
flow rate of 360 cc of uadiluted
electrolytic gas per minute, the per-
centage conversion was 62% at 325°C.

poor.

Pressurizer Tests. A typical test
loop pressurizer (3-in. Schedule 80

stainless steel pipe, 36 in. long)

has been subjected to a series of
four explosions in order to determine
how well a loop component would
withstand explosions at various ini-
tial pressures and gas compositions.
In all of the tests, water was con-
tained in the bottom of the pres-
surizer to a depth of about 12 in.,
leaving 3% liters of free space with-
A summary of the
tests 1s

in the pressurizer.
data for the first three
given in Table 6.3.

In the fourth test, with the pres-
surizer at room temperature, electro-
lytic gas was admitted to the system
until the pressure read 300 psi.
The system was then closed off and
heated until the total pressure (steam
t+ H, * 0,) read 1000 psi. It was
evident from temperature measurements
that steam did not mix with the hy-
drogen and oxygen in the top section
of the pressurizer, so that partial
pressures and percent composition 1in
any given section of the pressurizer

were unknown. Upon ignition of this

TABLE 6.3

Summary of Pressurizer Test Gata

PARTIAL PRESSURES

TOTAL 4
TEMPERATURE | PRESSURE (psia) ]
TEST NO. (°c) (psia) H, 0, He RESULT UPON EXPLOSION
1 25 30 20 10 0 No damage
2 25 90 60 30 i} No damage
3 25 984 204 102 678 A section of 1/4-in. o.d.

stainless steel tubing
(0.032 in. wall) was
ruptured and twisted;

two small, jagged fragments

of torn steel tubing were

found

h L
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. mixture by a hot wire at the top of
the pressurizer, a violent explosion
occurred which ripped open the bottom
of the pressurizer and slammed the
lower end of the pipe through a 3/4-
in. thick plywood wall,

It is evident that both the pres-
surizer pipe and connecting tubing
are vulnerable to explosions which
might occur if mixtures of hydrogen
and oxygen are introduced into a
test loop. Such installations should
be enclosed by sand bags, sheets of
boiler plate, or other means to pre-
vent injury to personnel. Small
tubes used as pressure taps from the
system to instrument panels may also
be hazardous should they become
filled with an explosive gas mix-
ture, since explosions can travel
through such tubes and burst a pres-
sure gauge, for example.

High-Pressure Recombination-Re-
flector System. Two experiments have
been completed in which the high-
pressure recombination of hydrogen
and oxygen mixed with helium and
steam has been carried out using a
platinum-on-alumina catalyst. Con-
ditions of temperature, pressure, and
composition corresponding to those
expected in the reflector system
were employed. The catalyst was
suspended above water in a heated
pipe with the water temperature about
200°C and the partial pressure of
steam about 225 psi. The total pres-
sure was then brought te 1000 psi by
addition of helium, after which elec-
trolytic gas was bubbled into the
reactor through the water in the
bottom section. During a 45-min
period, 10 liters (STP) of electro-
lytic gas was admitted to the reactor.
If no recombination had occurred,
the firal pressure would have been
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about 1450 psi. Actually there was
no pressure rise at any time, in-
dicating that the reaction proceeded
as rapidly as the electrolytic gas
was admitted. The necessary informa-
tion to permit design of a recombiner
for the D,0 system was transmitted
to the Beactor Experimental Engineer-
ing Division.

Removal of Jodine from the Gas
Stream. An exploratory test indi-
cated that iodine could be quantita-
tively remeved from the gas stream
by passing the vapor- through a tube
packed with type 316 stainless steel
turnings prior to its introduction
into the catalytic recombiner. A
second test was carried out in which
the length of the run was 900 hr
instead of 480 hr, and the rate of
flow of iodine was 43 mg/hr instead
of 19 mg/hr. Means for periodic re-
moval of the liquid from the trap
also were provided. The conditions
under which the test was carried out
are as follows:

Flow Rates
Steam
Electrolytic gas
Iodine to steel
trap 43 mg/hr

11 liters/min
0.27 liter/min

Temperature of

Catalyst 240°C
Space Velocity 12,000 hr-!
Percent Conversion

At start 97.8%

Afcer 340 hr 93.2%

After 900 hr 92.6%

After 900 hr, it was found that
9.4 g of stainless steel had been
dissolved. Chemical analysis of the
trap liguid showed it to be a mixture
of Fel,, NiIl,, CrI;, and water.
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To point ocut the effectiveness of
the stainless steel as a trap for
iodine, another test was made identi-
cal to the one above 1n all respects
except that no stainless steel trap
was 1included. In this case, the
iodine very rapidly reached the cat-
alyst and poisoned 1t. After 2 hr
the percentage conversion for the
reaction was 45%, and after 74 hr
the conversion had fallen to 18%.

PILOT PLANT TESTS

Don Phillips T. S. Mackey
M. J. Fc tenberry

Pilot Plant Runs with Low &as Flow
Rates. Following the initial opera-
tion of the pilot plant as described
in the previous report, (') the follow-
up catalytic recombiner was 1nstalled
and runs were made with gas flow
rates (electrolytic) of 0.5 to 0.025
cfm. These runs were for the purpose
of determining the efficiency of
recombination and the temperature
distribution over the catalyst bed
with and without steam 1n the 1inlet
stream. In carrying out the tests,
the eclectrolytic gas flow was started
at 0.4 to 0.5 cfm; after about 15
min the gas flow was adjusted to the
desired rate and from 30 to 60 min
additional time, depending on the
flow rate, was allowed to permit the
system to reach equilibrium prior to
the start of the run. Other condi-
tions were: 1.5 cfm steam to the
burner orifice inlet and either full
or no flow of cooling water to the
burner chamber jacket. The gases
entering the burner chamber were pre-
heated to about 110°C and the cata-

(1)« pilot Plant Tests,” Homogeneans Reactor
Project Quarterly Progress Report {-or Periocd
Ensdli)ng Hay 15, 1951, ORNL-1057, p. 82 (Oct. 10,
1951).

lytic recombiner jacket was heated
with steam at about 75 lb. Teapera-
tures at the inlet, midpoint, and exit
of the catalyst bed as well as the
magnitude of the pressure surges were
averaged over a 30-min interval.
Product water from the second con-
denser was withdrawn at 30-min in-
tervals and examined for evidence of
catalyst breakdown (milky appearance).
For purposes of comparison, a 4-hr
run was made under the conditions
previously used except that for the
first 2 hr there was a gas flow of
0.1 cfm of N, instead of electrolytic
gas and there was no gas flow during
the last 2 hr, and a second rum of
2.5-hr duration was made with .05 cim
gas which was not permitted to burn
in the combustion chamber. The data
are given in Table 6.4.

The tesults show that the effect
of variables on recombination in the
burner chamber and follow-up re-
combiner at low gas flow rates is as

follows:

1. With the full flow of cooling
water on the burner chamber
shell, recombination by burning
was complete at all of the gas
flows employed. This is shown
by a comparison of runs 38, 36,
and 31, employing a full flow
of coolant, with runs 28b, 27,
and 26, using no flow; in runs
38, 36, and 31 there was no
measurable off-gas, and the
maximum temperature in the cat-
alyst bed remained constant at
about 165°C (the ambient value},
while in runs 28b, 27, and 26
the off-gas averaged about 004
cfm, and the maximum tempera-
ture in the catalyst bed in-
creased from 118°C at a gas
flow of .05 to 382°C at .25

cfm.

” L 4
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TABLE 6.4
Effect of variables on Recombination in the Burner Chamber
and Follow-up Recombiner at Low Gas Flow Rates
STEAM TO MAXIMOM MAXIMUM | EVIDENCE
ELECTROLYTIC | CATALYTIC | TEMPERATURE PRESSURE OF
RUN GAS FLOW RECOMBINER | IN CATALYST | OFF-GAS SURGE CATALYST FLASH-
NO. (cfm) (cfm) (°c) (a) (cfm) (1b) BREAKDOWN | BACKS
38 .025 0 165 0 .50 No No
20(®) .05 0 270-450 017 Yes Yes
36 .05 0 166 0 1.5 No No .
31 .35 0 164 0 1 No No
37 .05 .55 114 0 1 No No
37 .10 .55 112 0 2.5 No No
37 .15 .55 102 0 3.0 No No
35 .05 0 103 0 1.5 No No
34 .10 .0 98 0 2 No No
34 15 1.0 100 0 2 No No
39 0 L5 102 0 1.25 No No
28 .05 1.5 108 0 3 No No
33 .10 1.5 103 0 4 No No
33 .35 1.5 100 0 1 No No
32 .50 1.5 118 0 .5 No No
39 L 1(Ny) 1.5 112 1 .25 No No
28p(¢) .05 1.5 118 007 2.5 No No
27(¢) .15 1.5 295 003 4 No No
26(¢) .25 1.5 382 004 4 Slight Yes

(a)Ambient temperature inside recombiner about 165°C.
'(b)No combustion in burner chamber (spark ﬁffl

(C)No cooling water through burner chamber jacket.

2. The addition of steam to the carried out in the catalytic
catalytic recombiner served recombiner (by stopping the
only to reduce the temperature spark coil), and run 26. In
in the catalyst bed. run 29, the full flow of coolant

was employed in the burner

3. The only evidence of catalyst chamber shell and no steam was

“breakdown occurred during

rua
in which recombination was

29,

O-

added to the follow-up catalytic
recombiner, conditions which
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insured a low percentage of
water vapor in the gas enter-
ing the catalyst bed; in run
26 there was no coolant flow
and steam was added to the cat-
alytic recombiner; nevertheless,
the catalyst bed temperature
indicated that theinlet mixture
was rich 1n gas. The results
indicate, therefore, that the
catalyst breakdown was due to
explosions originating in the
catalyst bed while recombination
in the bed was in progress. It
appears desirable to add a
small flow of steam to the gas
entering the catalytic recom-
biner to minimize the possi-
bility of flashbacks at that
point.

Conclusions were that the full
flow of cooling water to the burner
chamber shell should be maintained at
all gas flow rates and that about 0.5
cfwmof steam at a constant rate should
be added on the inlet side of the
catalytic recombiner. Under these
conditions breakdown of the catalyst
should no longer occur.

Pilot Plapnt Runs with High Gas
Flow Rates. The pilot plant test
runs were completed with three ruas
in which the gas flow rate was ap-
proximately 16, 19, and 28 cfm.

The run at 16 cfm was made to
determine the pressure drops and
temperatnures at various important
points 1n the system, including the
catalytic recombiner. The runs at
19 and 28 cfw were made with the
follow-up recombiner and second con-
denser removed from the system and
were carried out for the purpose of
determining 1f the flame recombiner
was capable of operating in a satis-
factory manner with the higher gas

flow rates. Other conditions and
procedures were the same as those
described in the previous section.
The data are summarized in Table 6.5.

The results show that the perform-
ance of the recombiner system with a
gas flow rate of 16 cfm was satis-
factory in all respects; with gas
flow rates of 19 and 28 cfm, opera-
tion of the flame recombiner was
satisfactory although the vapor tem-
perature in the off-gas line was
774°C at the higher flow.

A final report on this phase of
the work is now in progress and after
its completion werk will be started
on the design of a recombiner pilot
plant using the data obtained in the
small-scale work with copper tubes,

TABLE 6.5

Summary of Resulits of Pilot Plant
Runs with fas Flow Ratesof 1§,
12, and 28 cfm

Gas flow rates (cfm) 16 19 28
Duration of runs (hr) 3 0.6 1
Pressure at top of 3.8 4.9 9.25

first condenser (lb)

Pressure drop across 2.2 1.5 3.6
burner orifice (1lh)

Pressure drap across 0.56

catalyst recom-

biner (lb)

Temperature of vapor 340 658 774

leaving burner
chamber (°C)

Maximum temperature 206
in catalyst bed (°C)

h : -4
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7. CHEMICAL CONTROL

W. H. Davenport, lLeader

R. H. Powell

The determination of density using
the electromagnetic densitometer,
although time consuming, appears to
be feasible on the basis of labora-
tory testing which was concluded in
the past guarter. A variation of
this method, whereby the electro-
'magnet 1s eliminated and float move-
ment is effected by control of the
temperature of the solution, shows
some promise. Neither of these
methods give continuous measurement
of the density and both require a
static solution.

The first of three Princo Densitrol
instruments has been received. Since
these instruments record continuously
and their development is more advanced
than the work on other methods, most
of the effort is now being directed
towards the completion: of the testing
of the Princo Densitrol units so that
they may be included in the present
design program for the HRE.

Developmental work on Q co1l
ceramics, glazes, and gasketing is
continuing. K. Kline of the ORNL
Instrument Department is developing
a remote control measuring instru-
ment.

Optical spectra of slow-neutron
absorbing optical glasses have been
measured before and after ORNL
graphite reactor exposure. A radi-
ation and chemically stable glass
could be very useful as a window to
view soup solution 1n the HRE and
to follow certain physical properties
of the soup.

W. H. Brand

ELECTROMAGNETIC DENSITOMETER
W. H. Davenport and K. H. Powell

In the previous quarterly report(1)
a description of the electromagnetic
densitometer and the procedure used
1n calibrating the instrument were
given, It was reported that poor
reproducibility was obtained between
calibration curves made on separate
days ‘and also that the average devi-
ation of the points from a given
calibration curve was as high as
0,001 g/ce. On all of the runs
reported, both coil current and
temperature were changing while
measurements were being made.

It has been found that by holding
the current constant at the appropri-
ate settings and increasing the
temperature until movement of the
float 1s 1indicated on the oscillio-
scope reproducible calibration curves
may be obtained. The average devi-
ation of any point from the cali-
bration curve obtained in this
manner was 10,0004 g/cc over a density
range 0.864 to 0.924 g/cec.

Experimental runs were made using
uranyl sulfate solutions containing
30.915 mg of uranium per milliliter
instead of water. The data were
plotted as temperature vs. coil cur-
rent. The density of uranyl sulfate

) (Dy, H. Davenport,; Jr., and R. H. Powell,
“ Analytical Chemical Control of the Homogeneous
Reactor Solution;” Homogeneous Reactor Project
Quarterly Progress Report for Period Ending
May 15, 1951, OBNL-1057, p. 86 (Oct. 10, 1951)
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at any temperature on the curve
could then be determined from an
expression which was set forth by
A. R. Richards(2?) and gives the
relationship of coil current to the
density of the float and the solution
as p = Ri? + P,

In Richards’ expression, p 1s the
density (g/cc) of the solution, 1 1is
the coil current {amp), P 1s the
float density (g/cc), and R is a
constant which 1s a function of the
configuration of the system, size and
shape of magnet, susceptibility of
armature, etc.

In this case R was determined from
the data obtained on the water runs,
in which the deusity of water at the
temperatures measured was taken as a
standard.

The uranyl sulfate data, after
correction for temperature gradients
in the bomb and for thermal expansion
of the float, was substituted 1into
fRichards' expression. The density
of the uranyl sulfate was found to
average 0.0421 g/cc higher than the
density of water at the corresponding
temperatures over the range 183 to
232.5°C. The density of another
aliquot of the same uranyl sulfate
solution (30.915 mg of uranium per
milliliter) had been determined
previously at 25°C using a pycnometer
and was also found to be 0.0421 g/cc
higher than that of water.

Due to the corrections which are
required, the present apparatus 1is
not considered reliable for accurate
density determinations, but, when
calibrated, 1s reproducible and

(2)A. R. Richards, ‘“ An Electromagastic
Denszitometer,” Ind. Eng. Chem., Anal. Ed. 14,
595 (1942).

should permit measurements of uranium
concentration with an accuracy of 1%.

The apparatus has several dis-
advantages. It 1s difficult to
thermostat uniformly since the prin-
ciple requires that the large magnet
be placed immediately below the sample
chamber. In addition, the chamber
has a small reservoir at the base
into which the iron core of the float
extends. It would be impossible to
drain the liquid from this trap or
to get satisfactory circulation into
this section.

Another difficulty may be en-
counteresd when the iron cores of the
electromagnet and tbe float are
placed in a radiation field. Changes
in permeability of the cores dne to
radiation would change the cali-
bration of the instrument.

A modified densitometer in which
float movement is achieved by temper-
ature control of the density of the
solution would eliminate some of the
disadvantages of the electromagnetic
method such as uneven thermostating,
draining difficulties, and loss of
susceptibility of iron cores if the
latter should occur. The modified
densitometer would be calibrated for
uranium concentration vs. temperature
required to sink the float.

The electromagnetic densitometer
apparatus, minus the electromagnet,
was used to i1nvestigate the possi-
bilities of this modified method.
For distilled water the apparent
sinking temperature was 205.3°C and
for a concentration of uranyl sulfate
equal to 30 mg of uranium per milli-
liter the temperature was 240,9°C.
A check using a solution containing
15 mg of uranium per milliliter of



solution indicated that a linear
interpolation of temperature may be
made for sinking points between the
sinking points for 0 and 30 mg of
uranium per milliliter.

Since a 35.6°C span in temperature
is required to cover the uranium
concentration range 0O to 30 mg of
uranium per milliliter, a change of
0.1°C in sinking temperature.repre-
sents about 0.1 mg of uranium per
milliliter in uranium concentration.
With proper thermostating the tem-
perature could probably be determined
to 0.2°C.

It was also found that satis-
factory sinking points could be
obtained when the rate of change of
temperature was as great as 2°C per
minute. This would mean that the
maximum time consumed in adjusting
temperature (concentration change of
30'mg of uwranium per milliliter)
would be 20 min.

PRINCO DENSITROL
. W. H. Davenport and R. H. Powell

The Princo Densitrol instruments
ordered from Precision Thermometer
and Instrument Co., Philadelphia,
Pa., are all of the design shown 1in
Fig. 7.1 with the exception that the
600-1b ring joint flange facings and
lap joint backing flanges have been
replaced with 900-1b members.

The plummet in the center of the
sampling chamber contains an iron
‘core {not shown). The position of
the plummet, determined by the den-
sity of the solution being measured,
is ‘translated into an indication of
specific gravity on a Brown Recorder
by means of a differential trans-
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former (shown as a coi1l 1in tne
drawing) wound on an insulator on
the outside of the sampling chamber.

The travel of the plummet 1s de-

creased, and the specific gravity
range is increased by the chains
attached to the plummet and to a-
fixed reference point on the wall

of the chember. As the plummet rises
with an increase in density it must

support a greater weight of chains;

as 1t sinks, the walls support a

greater: weight of chains. The plum-

met assembly and the differential

transformer are so designed that the

measured electrical output 1s linear

with respect to density.

The instrument also contains an
automatic temperature compensator.
The temperature is measured by a
resistance thermometer and corrected
to the base temperature for which
the instrument 1s calibrated by means
of a balanced bridge circuit which
applies a factor determined by the
temperature density coefficient of
the solution being measured.

The first instrument which was
received measures specific gravity
in the range 1.033 to 1.053, t/4°C.
Several components are not suitable
for use in the high~radiation field
of the HRE, e.g., the coil is wound
on a Bakelite form, but the next two
instruments will contain what are
helieved to be satisfactory replace-
ments. In the case of the coil the
Bakelite insulation will be replaced
with Lava.

The choice of a suitable plummet
material for all HRE conditions is
still in question.  Three materials
are being considered, pyrex, type
347 stainless steel, and titanium.
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NOT

CLASSIFIED

DWG, 12993

MODIFIED NOMINAL '%-in IPS~600-1b% OUTLET
TYPE 347 STAINLUESS STEEL 4

RING JOINT FLANGE FACING —-- TOoP

NOMINAL Y -in, IPS ~600-1p%
CARBON STEEL LAP JOINT

RESISTANGE THERMOQ. SOCKET BACKING FLANGE

i
gl

ELECTRICAL CONNECTION

[ —— COIL GUIDE ROD

ZERQ ADJUSTING
SCREW ASSEMBLY — &l

r<—— COIL HOUSING

COIL o |
APPROXIMATELY
26, in.
iy
i1 PLUMMET
y
J 1—~~‘J:“—1,

2-in [PS TYPE 347 STAINLESS STEEL
RING JOINT GASKET —

REFERENCE PLATE
ASSEMBILY

TYPE 347 STAINLESS STEEL
RING JOINT FLANGE FAGING

MODIFIED NOMINAL 2-in, IPS*GOO—lb*/’

/

NOMINAL 2~in. IPS ~60G-1b%
CARBON STEEL LAP JOINT

NOMINAL Y5-in. IPS—800-10%
CARBON STEEL LAP JOINT
BACKING FLANGE

BACKING FiL ANGE

|

%
MODIFIED NOMINAL 'p-in. IPS - 600-1b% - -
TYPE 347 STAINLESS STEEL -~ )

RING JOINT FLANGE FAGING — -

%600-1b ring joint *langs facings and lap joint bocking flanges
hiovg been replaced with S00-1b membecrs;
All piping to be '/z—in ond 2-in. IPS type 347 stainlcss steel Schedule 80 pipe.

Fig. 7.1 -
Joint Flasges.

Pipeline ¥Medel! Densitrol Assembly with ¥Modified

78

500-1b Ring



Pyrex., Pyrex has shown good
radiation resistance(3) and pressure
stability. Four plummets represent-
ative of those under consideration
for the Princo Densitrol were found
to be pressure stable to hydraulic
pressures of 4100 psi or better.
The corrosion stability of pyrex in
uranyl sulfate at 250°C is not good,
however, and for this reason pyrex
is only being considered for a plum-
met which will be in a low-tempera-

ture HRE line.

Stainless Steel. The stainless
steel plummets will have radiation
and corrosion stability equal to
the rest of the reactor, but, due
to the fact that the wall thickness
is limited by permls sible float
weight to 0.015 in., the pressure
stability is borderline. ' The Pre-
cision Thermometer and Instrument
Co, is submitting stainless steel
plummets which, it is believed by
their Mr. Boonschaft, will withstand
150 psi external and 1100 psi internal
working pressures. These plummets
are to be pressurized internally to
900 psi with nitrogen. This should
permit their use at normal operating
conditions of the HRE but would give
no margin of safety in the event of
external pressure increases without
accompanying temperature 1lncreases.

Titanium. A design for a titanium
plummet has been decided upon which
provides for a 0.025-in, wall thick~
ness and also permits final adjust-
ment to the required weight by the
addition of a known volume of two
collars of different specific gravity
materials, namely type 347 stainless
steel and titanium.

5. ¢ Horsman, Summary of NRX Pile Irradi-
ations, NP-1922, p. 6 (Dec. 1950).
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The construction of such a plum-
met 1s dependent upon the successful
welding of two sets of three titanium
rims. The Heliarc welding of three
such rims has been undertaken experi-
mentally by R. J. Fox of Research
Shops., All materials for construction
are on hand. The plummet is to be
internally pressurized to 900 psi at
25°C with argon. A final small
Heliarce well is to be made at the
gas fill point after the plummet
and argon gas have been frozen 1in
liquid helium. The first of such
titanium plummets is designed for
low-temperature use.

It i1s hoped that if one or more
of the plummet materials proves
satisfactory Princo Densitrol instru-
ments can be provided for measurement
of soup solutions at 250°C as well
as at lower temperatures. In either
case a bypass line from either the
l.4-gpm line or the 100-gpm line will
be necessary since the flow through
the Densitrol must be controlled
within the range 0.1 to 0.5 gpm.
Suspended solids smaller than 1/32
in. in mean diameter may be passed,
but solid particles as well as
bubbles will affect the density of
the solution being measured. Since
the Densitrol measures the average
density of all material in the
sampling chamber, the extent of error
introduced by solids or bubbles 1is
equal to the difference between the
average density and the density of
the liquid alone, The instrument
cannot operate satisfactorily when
violent’ intermittent gas surges are
present in the measuring line,

Rigid temperature control will
not be necessary. Temperature
fluctuations to the extent of +3°C
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at 250°C or #10°C at 50°C are com-
pensated for by means of the auto-
matic compensator.

The testing program for these
instruments includes a study in the
laboratory of the variables tempera-
ture, pressure, concentration, and
flow rate, and i1installation for
further studies of one unit in a
test loop now being constructed by
C. Heisig at Y-12,

Q MEASUBEMENT

W. H. Davenport and R. . Powell

A major problem in the measurement
of the Q of a high-frequency coil as
affected by changes in concentration
of uranium soup solution 1is the
introduction of an electrically
insulated coil directly into the
high-pressure high-temperature soup
solution.

Recently consideration has been
directed to the fabrication of
powdered, compressed, fired Lava
grade 1137 ceramics, which encase
copper coils, following the general
procedure of E. S. Cantrell and R. J.
Fox, (%) but fired with the added
precaution of protecting the copper
leads by use of powdered graphite
and a hydrogen atmosphere. Such
copper ( coil ceramics have been
glazed using the American Lava Corp.
glaze and a glaze devised by E. S.
Cantrell. Both glazes have cracked
when the ceramic was gasket tested

My, n. Davenport, Jr., and R. H. Powell,
‘ Analytical Chemical Control of the Homogeneous
Reactor Sclution,” Homogeneous Reactor Experti-
ment Quarterly Progress Report for Period Endin
November 30, 1950, OfNL.-925, p. 260, esp. p. 265
(Jan. 30, 1951)

in a bomb. (') However, these ceramics
and glazes have not been eliminated
for use, since good gasketing tests
have not yet been achieved. Irregu-
lar surfaces and overloading from
the pressure of the gold gaskets
contributed to each of the two
failures of glazed copper Q coil
ceramics.

E. S. Cantrell of Chemistry Re-
search Shop is currently attempting
to build up a thicker glaze, capable
of being machined and polished. This
attempt is being confined to Lava

grade 1137 collars.

Disks of pyrex, fire polished and
carefully annealed, are being pre-
pared for gasket testing in the bomb.

If such ceramic forms or pyrex
cannot be gasketed in the conventional
manner, use of a pressurized ailr or
gas lock will be attempted.

One of the two powdered, com-
pressed, fired Lava grade 1137
ceramics cracked on the collar during
gasketing. It 1s noted that the
rupture strength of the ceramic
collar could be i1ncreased about
three times by use of natural grade
1137 Lava for the collar, intec which
collar a plug hole for the thimble
could be machined. The collar and
thimble could then be bonded by the

glaze,

Specific measurement of the effect
of temperature and pressure on @ of
various comncentrations of HRE soup
solutions have not been accomplished
yet due to gasketing difficulties.

The instrumental work necessary
for remotely measuring Q of the
uranyl sulfate fuel solution 1is
progressing satisfactorily.
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TABLE 7.1

Composition of Glass Samples

- GLABS SAMPLE NUMBER

ELEMENT 1-M 2-M 3-M 4-M
Al Moderate Moderate Moderate Moderate
B Very strong Trace Strong Moderate
Bi ? Faint trace Faint trace Faint trace
Ca Very strong Very strong Very strong Very strong
Cd Moderate Strong Strong Strong
Cu Very weak Very weak Very weak Very weak
Fe Weak Weak - Weak Weak
Mg Very weak Very weak Very weak Very weak
Mn Trace Trace Trace Trace
Na Moderate Weak Moderate Moderate
Ni Faint trace Faint trace Faint trace Faint trace
Pb Very weak Very weak Very weak Very weak
Si Very strong Very strong Very strong Very strong

RADIATION RESISTANT GLASSES
W. H. Davenport and R. H. Powell

The neutron absorbing glasses
from A. Silverman(%) were removed
from the ORNL graphite reactor after
exposure in hole 60 at 250°C at an
average flux of 7.3 x 10'! for a
total exposure of 5.4 % 1018 ave.

The optical spectrum of the pre-
polished 1 x 1 X 0.5 cm specimens
was measured by a Model DU Beckman
Quartz Spectrophotometer before and
after irradiation. The glasses were
kept in the dark at all times except
during short periods of visual

(5)0RNL-925, op. cit., p. 275.

Film 3171: 2/1/51

examination and during optical
measurement. Optical measurements
were made 7 days after removal from
the pile. ‘ '

The OBNL Analytical Chemistry
Spectrographic Laboratory identifies
the composition of each glass as

disted in Table 7.1. Graphs showing

the spectrum before and after radi-
ation are given 1in Figs. 7.2 - 7.5.

It 1s to be especially noted that
these glasses were made using common
boron and that the damage to the
glass is greatest when the boron
content 15 greatest. A possible
explanation is that the large B'?
(na) thermal-neutron capture cross-
section resunlts 1n the greatest
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damage to the glass when the B!°
content is greatest.

However, damage to any of the
slow-neutron absorbing glasses 1s
only moderate 1n the 585-mu region,
and use of the glasses in this region
of fers some possibility 1f the
glasses prove to be chemically
stable, and providing a saturation
point has been reached in damage.
To explore the latter question the
glasses have been returned to hole
60 to 250°C for further pile radi-

ation.

UNCLASSIFIED

GLASS SAMPLE NO. 1-M

COMPOSITION:
BORON -~ -- -- VERY STRONG AJ
GADMIUM - — MODERATE !

ABSORBANGE

AFTER RBDIATION AT 250°C

500 530 580 620 680
WAVELENGTH (mp)

Fig, 7.2 - Irradiated Glass Sample

A new approach to the problem of
ohtaining a suitable glass for HRE
use, the possibility of a glass
relatively transparent to gamma and
neutron radiation, is belng con-
sidered in cooperation with Penberthy
Instrument Co., (}’Seattle, Washington.
It will attempt to develop a glass
of such properties by using com-
ponents of low atomic number and low
cross-section for neutron capture.

This approach is opposite to that
of developing a neutron and gamma
absorbing glass.

UNCLASSIFIED
DWG. 12995

.

GLASS SAMPLE NO.2-M N
COMPOSITION:
12 BORON -~ — — TRAGE -

CADMIUM—— STRONG

ABSORBANCE
o

08
AFTER RADIATION AT 250°C

08 -

04

02 {‘ S O apiaTIoN "~ =
7 g, \ﬂ\“&\A
Gl o Perororoo e

S
340 380 420 460 500 540 530 620 660
WAVELENGTH (mu)

Fig. 7.3 - Irradiated Glass Sample

No. 2-%4.

” o nd



FOR PERIOD ENDING AUGUST 15, 1951

UNCLASSIFIED UNGL ASSIFIED
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)
. !
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GLASS BAMPLE NO, 3-M ! SLABS SAMPLE NO. d-M |
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§ CADMIUM— — STRONG Lg GAOMIUM- -~~~ STRONG B
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06t \L,\
] " .
A
04 - &3\ N 1
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Fig. 7.4 - Irradiated Glass Sample Fig. 7.5 - Irradiated Giass Sample
No. 3-M. e, 4-M,
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8. PHYSICS

T. A. Welton, Leader

H. Thacker
T. Williams
M. Wood

T. Trammell

[Racisolioy

CRITICALITY CALCULATIONS

T. A. Welton L. H.
H. T. Williams P. M.

Thacker
Wood

A number of more or less routine
neutron-diffusion calculations were
made to answer safety questions and
questions concerning operating pro-
cedures, and to give some check of
numbers previously obtained by others.
The method used was the standard
two-group approximation. The answers
are somewhat undependable, but it is
felt that valid comparisons of various
configurations can often be made in
this way. All predictions of critical
concentrations, temperature coeffi-
cients, etc. must be regarded merely
as plausible estimates. Limits of
error are now belng established by
further work, and some refinements of
the values here given probably will
be available before any critical ex-
periments are done,

Even the full two-group method is
somewhat cumbersome, and a very large
amount of time was saved (with ap-
parently negligible sacrifice on an
already doubtful accuracy) by the
use of an approximate method for the
solution of the two-group equations.
This method was developed and thor-
oughly tested at Los Alamos in con-
nection with other types of prob-
lems.(!) Its application is straight-

(Dya_594.

W. C. Sangren

R. E. Aven

P. R. Kasten

L. C. Biedenhara

forward, and no discussion will be
given here.

Constants. The macroscopic two-
group constants used for light water
were those given in ORNL-933, (%) while
those used for heavy water are from
ORNL CF-50-10-97.¢3) If T, refers to
room temperature (293°K) the constants
for absolute temperature T were ob-
tained from

PI(T) | T o, (Ty)

L2(T) = L2(T,) — - ,
p2(T)| T, 7, (T)
p*(T,)
Ty =+(Ty) ",
p*(T)
p(Ty)

D, (1) = D (Ty)—a

and

p(Ty) 7,(Ty)
p(T) o (T) °

D,(T) = D,(Ty)

(2)F. J. Sisk, Transport Parameters for Thermal
Neutrons in Water, ORNL-933 (Mar. 15, 1951).

(323, M. Stein, Constants for Two Group Cal-
culations o Uranium-020 Reactors, ORNL CF-50-10-97
(Oct. 20, I950).
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where

L = thermal diffusion length,
7 = age from fission to thermal,
D, = fast diffusion constant,
02 = thermal diffusion constant,

P = density of water, and

= AT)

1

microscopic scattering crogs-
section of water at energy k7.

The values used for these con-
stants are given for H,0 and D,0 at
various temperatures in Table 8.1.
The microscopic capture cross-sections

used are given in Table 8.2 for a .

neutron energy of 0.025 ev.

The type 347 stainless steel core
tank was assumed to disturb only the
thermal flux. A modified boundary
condition at the core-reflector in-
terface was used to take into account
this absorption.
current was made discontinuous by
the amount required to account for
. the tank absorption. The macroscopic
capture cross-section of type 347
sbafnless.steel was taken to be 0.24
cm

Light-Water Reflector. An invest-
igation has been made of the feasi-

TABLE

Values of Macroscopic

Essentially, the.

- FOR PERIOD ENDING AUGUST 15, 1951

bility of using a light-water re-
flector for the HRE. A solution of
93.4% enriched U0,80, was assumed for
the core. Criticality calculations
were made for a cold reactor with
core and reflector both at 20°C and
for a hot reactor with the core at
250°C and the reflector at 175°C.
(This core temperature is actually
higher than the average core tempera-
ture for 250°C outlet temperature.
A figure of 230°C would be better.)

The concentrations required for
criticality under various conditions
are given in Table 8.3.

In Fig. 8.1 is plotted the effec-
tive multiplication (called &k below,
it is equal to unity for criticality
and 15 the number of fissions pro-
duced directly by one fission) as a
function of concentration for the
four conditions of Table 8.3. It
should be noticed that a reflector
dump at operating temperature drops
k by about 0.20. Such a dump, if not
tollowed by some other operation,
would resule 1n criticality again
being reached somewhat above room
temperature (about 45°C).  If, how-
ever, about 3 kg of water were to be
added to the soup during the cooling
process, no trouble would arise.

8.1

Twoe-Group Constants

T (°C) L? (cm?) 7 (cm?) D, (em) D, (cm)
H,0 20 7.068 33.00 1,143 0.1611
175 12.773 41.345 1.279 0.2104

250 18.435 52.158 1.437 0.2502

D,0 20 1.513 x 10 120. 00 1.127 0.910
175 2.532 x 104 152.95 1.271 1.103
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TABLE 8.2

Microscopic Capture Cross-Sections

CAPTURE CROSS-SECTION
ELEMENT (barns)
H20 (per molecule) 0.69
D,0 (per molecule) 0.00182
) 0.001
S 0. 40
y?3s 644 (0, = 546)
y23s 2.9

TABLE 8.3

Conceatrations Regquired for
Criticality Under various
Conditions

CRITICAL
REFLECTOR CONCENTRATION
TEMPERATURE LEVEL (g U/keg HZO)
Cold Full 34,1
Hot Full 59.6
Cold Empty 56.7
Hot Empty >300

For the purpose of calculating re-
actor kinetics, three derivatives of
k were obtained. These were

[a;Z} % | %
, , an .
3p T oT o oz

The first is calculated with respect
to core density, holding core tem-
perature, reflector temperature, and
density constant. The second 1s
calculated with respect to core tem-
perature, holding the other quantities

constant. The third i1s the variation

of k with macroscopic thermal capture
cross-section added uniformly over
the core and reflector. All deriva-
tives are taken around the operating
condition. The values are

Ok
(——~J = 0.81 cm®/g,
9p) ¢

Ok
| =-5.3 x 10°%/°C,
P

and

ok
5—': 12.33 cm.

From these quantities can be cal-
culated the temperature coefficient

UNGCLASSIFIED
DWG 13054
T T

. 20°C CORE
20°C Hp,0 REFLECTOR

1.00 -"'/" ————————————————————

BARE 20°C
REACTOR

~—~— 250°C CORE
175°C H,0 REFLECTOR
090}~

080

BARE 250°C ////,///”f:

] | ]
30 40 50 60

GRAMS URANIUM PER KILOGRAM H,0

EFFECTIVE MULTIPLICATION CONSTANT

Fig. 8.1 - Effective Mulitiplica-
tion Constant of HRE with Light-Water
Reflector, 93.4% Enriched Uranium.



of reactivity at constant pressure

and the prompt generation time. These
are
ERERCNE
oT p oT o Sp )y LT ’
and v
1 2k
T = = =,
DI

where (90/9T) is available from the
steam tables, and v is the mean ther-
mal neutron velocity at the operating
temperature = 3.22 x10% cm/sec.
The results are

(3k/3T), = -0.00130/°C
and
T = 0.372 x 107* sec.

Finally, the composite result which
is of direct interest for the kinetics
is the quantity wﬂz, given by

€P, |ok
A T
N T ar) *
P

where € is the reciprocal heat ca-
pacity of the reactor core and P, is
the reactor power. Taking

€ = 0.00571 °C/kw-sec

and

P, = 10° kw, wﬁzbecomes 200 sec™?.

There seems to be no strong reason
why a light-water reflector should
not be used. The most obvious dis-
advantage 1s the higher critical mass

FOR PERIOD ENDING AUGUST 15, 1951

(greater than 5 kg for the complete
system). The margin of only 20% in
k available from reflector changes
seems to be adequate since, at the
worst, small cdoncentration changes
can be made easily. A better argu-
ment probably is that passage from a
mean reactor temperature of 230 to
20°C can be more than compensated
for by dropping the reflector. . The
most obvious advantage of the light~
water reflector is the great saving
of complication in handling such a
cheap material. Probably the strong-
est disadvantage of the system lies
in the high value of wy?, which is
about four times the corresponding
quantity for a heavy-water reflector
at the same reactor power. This means
essentially that if the HRE with D,0
reflector 1is so designed that 'all
instabilities of the type discussed
later are removed at all power levels
below I mw, then with an H,0 reflector
smooth operation will be possible
only te % mw.

fperation with Low-Enrichment Fuel.
With 300 g of uranium per liter of
H,0 at 250°C and a D,0 reflector at
175°C, .the HRE should be critical
with anenrichment of 13.6%. At 20°C,
a uranium concentration of 223 g per
liter is required, so that a dilution
ratio of 300/223 = 1.345 is needed to
keep the system critical in going
from hot to cold. The figure is in
terms of grams per liter. A more con-
venient figure is the ratio on the
basis of grams of uranmium per kilogram
of water. This ratio 1s 1.761.

" KINETICS OF THE HRE

Further work has been done on the
kinetic behavior of the HRE. Previous
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work has consisted largely of ex-
tensive study of a somewhat sim-
plified model in which thermal ex-
pansion of the core was assumed to
t ake place at constant pressure.
It was further assumed that heat is
removed from the core at a steady
rate. In the absence of delayed
neutrons, this model exhibited steady
oscillations about the equilibrium
power, while the presence of delayed
neutrons gave rise to a strong
damping effect. Calculation of the
power surges produced by steps in k
of various sizes has given reusonable
assurance that a violent nuclear
accident is impossible in the HRE.

Before the actual operation of
the HRE is.begun, 1t is planned to
investigate, with some care, the
kinetics of a reactor which includes
all the essential features of the
HRE. Some preliminary work on this
program has been started and i1s re-
ported in a later section, but the
main work on kinetics of the last
quarter has still been concerned
with a more or less idealized reactor.
Only the assumption of expansion at
constant pressure has been improved,
but a considerable number of results
have been obtained, some interesting
from the practical point of view and
others from the theoretical point of
view only.

The simplest kinetic calculations
are those in which the change with
time of small deviations from equi-
librium conditions is calculated by
linearizing the equations of motion.
These calculations are very useful
for obtaining information on the
stability of the system, and have, in
fact, revealed that the proposed HRE
design contained some unsuspected
instabilities.

For the study of large power
variations, 1t 1s essential that the

true nonlinear equations be solved.
Some exploratory and approximate
work of this type has been performed
(and is described following the
report of the work on the linearized
equations). Two important conclusions
result from this work:

1. The simple assumption of ex-
pansion at constant pressure 1is
in fact very good for the cal-
culation of any achievable
power surges.

2. The delaved neutrons exert a
tremendous damping effect which
apparently removes all danger
of sustained violent oscilla-
tion. Some instabilities, of a
relatively nonviolent nature,
enter as noted previously under
the linearized calculations.

Linearvized Treatment of HRE with
Pressurizer (G. T. Trammell). 1In the
present treatment the influence of
gas is not considered; nor is correct
account taken of the heat exchanger
as the cooling agent, but instead a
constant rate of cooling with no
delay is assumed. A treatment dealing
with these two additional factors
will appear shortly. With these
agssumptions the linearized equations
of motion of the system are:

O)H2
ptap + p=0, (1)
C2
. P dk
P o= 221 (1 - B)p S Ep
7 {9p T
S
ﬁpo Ok ®
2 [ K(s)p(t - s)ds
T {op
S 1]
+ —f_i J K(s)P(t - s)ds, (2)
0



op P ‘
Sl s . :
RS
P
and
S=ep . (W)

These equations are identical with
those derived in ORNL-630 (*) when
the latter have been linearized,
except for notation and trivial
changes of form.

p, p, P, and 8§ are deviations
from the equilibrium values of
density, pressure, fission power, and
reactor entropy. These symbols with
subscript 0 (e.g., P;) refer to the
equilibrium values of density, pres~
sure, etc. K{(s) 1s the normalized
delayed neutron kernel. The quantity
¢ 1s the velocity of sound in the
soup. wy/27 is the frequency of the
Helmholtz resonator (composed of
core vessel plus pressurizer pipe)
- at zero power, and @ is the damping
coefficient for this resonator.

A simplification which has been
made in the past to study certain
aspects of the system is to neglect
the inertia of the fluid in the pres-
surizer and thereby to assume that as
the fluid i1s heated the density of
the fluid decreases immediately in
accordance with Eq. (3), with p set
equal to zero. The resulting motion,
in response to a 0k added say, is
then given by Egqs. (2), (3}, and
(4), with p = 0 in Eq. (3). The
result is an oscillation with fre-
quency given by

Py 3k 3p

2 = o

= 48 sec”? |
T 38p |3S

wy

P

4y« Physics,” Homogeneous Reactor Experiment
Report for the Quarter Ending February 28,
1950, ORNL-630, p. 21 (Apr. 21, 1950).

FOR PERIOD ENDING AUGUST 15, 1951

which (as has been shown previously)
is strongly damped because of the
presence of delayed neutrons (47 0
would result in pure undamped oscil-
lation with engular frequency wy).
The actual motion in response to an
added 8k, as given by the full set
of Egs. (1) through (4), differs
from the above simplified motion by
the superposition of a rapid oscil-
lation corresponding tc the frequency
of the pressurizer which has been
shocked into oscillation, the ampli-
tude of this "pressurizer" oscil-
lation diverging exponentially with
time unless (as shown below)

2
L)
8 N
TG 2
“y
is less than a certain pumber. The

main purpose of thig linearized
treatment of the HRE motion 1s to
nncover these possible diverging
oscillations and to determine the
conditlions necessary to eliminate
them. If Egs. (3) and (4) are
substituted into Egs: (1) and (2), the
following are obrained:

R : . 2., = 2, 2 .
¥y toay 4 @y -y @y P, (5)

and
P =y - By - j K(is)y(t - s)ds.
- 0

~

sl @

] BPLE) - [ K{s)P{t-s)ds |, - (6)
7
o
where
. Py 3k
y - T
TP
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has been taken as a convenient new
variable, and

The general solution of Egs. (5) and
(6) will be 2 sum of terms of the
form €”! (v = constant). Substituting
y = c,e”" and P = c,e”" into Egs. (5)
and (6), the following equatian for
¥ is obtained:

YAt ay twp?l Iy + A+ (B/7)]
taylo 2y ) < Bo oy =0, (T)

where in Eif (6) the approximation
K(s) = Ae””™° has been made, which
amounts to rteplacing all of the
delay groups by one group with
decay period = A; this approximation
with A = .1 will not affect the
validity of the results,

For the case that a © 0 (no damping
of the hydrodynamical system) aud
B = 0 (no damping of the nuclear
system) Eq. (7) becomes

yi[y? + wﬂz] +oayloy? 70 (8)

this has the solutions

and for wN2 << sz this becomes

YEE —wyt, moy T Y T iy, tiay . (10)

This means that for the case w, >> w
if an impulse is given to the fluid
in the pressurizer, the resulting
density vibrations in the core will
be of such high frequency as to make
negligible the effect on the pressure
of the resulting heating due to the
induced-power vibration. And in case
of an added 8k, the temperature
rises so slowly that the inertia
effect of the fluid in the pres-
surizer is negligible and the density
of the fluid is that appropriate to
the temperature with p = 0. As
wy/wy becomes smaller, the effect of
the nuclear power production on the
pressurizer motion and pressurizer
inertia on the nuclear power motion
become larger, making the frequencies
of these two motions depart from
Eq. (10) in accordance with Eq. (9).
Finally, as has been pointed out in
the H. K. Ferguson Report 109,¢5%) if
wy? < 4wN2 it is seen from Eq. (9)
tﬁat there are solutions of Eq. (10)
corresponding to ¥'s with a positive
real part which represent diverging
oscillations.

For the HRE operating at a power
P, = 1000 kw, T = 250°C, and p = 1000
psi,wy? =48 sec”? and wy? = 2.5 x 10
sec'zN(see end of this section for
the derivation of these numbers).

Therefore, in the absence of fluid
friction and delayed neutrons, pure
sinusoidal oscillations with fre-
quencies xy wy and wy are obtained.
The possibility of diverging oscil-
lations arises when the delayed
neutron and fluid friction effects
are retained in Eq. (7). The delayed
neutron terms tend to make the lower
root (o tiwy for £ 7 a = 0) move to

Sy, K. Ferguson Co., Homogeneous Reactor
for Subsonic Aircraft, HKF-109 (Dec. 15, 1950).



the left in the complex plane, in-
dicating a damped oscillation, as
might be expected. On the other
hand, the delayed neutron terms 1in
Eq. (7) tend to make the upper root
{(~ tiwy for B = a = 0) move to the
right in the complex plane, indicating
an antidamped oscillation. The fluid
friction terms in Eg. (7) tend tvo
damp the higher frequency motion and
antidamp the lower fregquency. Thais
will be found te be general: An
effect {(e.g., the delayed bubble
production effect) which tends to
damp one of the metions will tend to
antidamp the other.

In order to demonstrate the
validity of these statements, rewrite

Eq. (7), separating out the terms in
B and a: :

(v +N) {y2(y?* + sz) + @szﬂz}
+ (B/TIV (Y + wy?) - fwgle,ty
tayd(y + N+ (B =00 (1D

To exhibit semiquantitatively the
behavier of the roots for a ¥ 0,
B £ 0, call the left side of Eg. (11)
F(y, B, a). Let ¥ satisfy

Fly,, 0, 0) =0

and let &y satisfy

Fly, + 59(8), B, 01 =0 .

Then

8F(y,, 0,0) oF (y,, 0, 0)

sy (B) +

B =0
oy EYe] /

FOR PERIOD ENDING AUGUST 15, 1951

for small 5; therefore,

BF(yI, 0, 0)
95

oy = - 8
H(y,, 0, 0)

Fy

4
0t ey - eytet

:_IBT . (12)
2027, + o) (y + A

Now from Eq. (11)

. C‘)H;’ . } 4(')1\12
)/1 - 2 1 T f 1 - )
N @y
e ~wH2 + awz , -awz
Therefore,
o2
,B Wy
57, () & e (13)
2r w2

H

for the upper root (¥, g.tiwﬂ), where
small terms have been dropped, and

B
8y {B) —~é%~ (14)

for the lower root (y, = iin), where
again small terms have been dropped.
Proceeding in the same manner to
fiod the elifect on the roots for

a A0,
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F(y,, 0, 0)
oy(a) = o
T e (y, 0, 0)
—
7y
= -a ,  (15)
202y, % + wg?)
a

= -«Ewat upper root (7, Q;iiah) , (16)
2

a “N -

=4 at lower root (73 ~ iiaw). (17)
ah2

In the above formulas 8y has been
assumed small, and the formulas
have been simplified by dropping
small terms. It is to be nmoticed
that an effect which causes damping
of one of the oscillations causes
antidamping of the other and that
this "transfer effect" 1s wNz/wH2 as

2

B “N

27 mH2

<= (18)
2

and that the lower root have negative
real part 1is

2
5 a C:)N

£Le

27 2 2

C«)H

(19)

Actually S/7 = 102 is too large to
make the results of Egs. (12) through
(19) more than suggestive. In
particular Eq. (14) does not hold
for this large B/7. These roots
(tiwy for B 7 0) go over into two
negative real roets corresponding
to overdamped "oscillation." The
antidamping of the fluid friction
will not affect appreciably this
condition for the lower root. At
the upper root the approximation is
batter,but since this will turn out
to be a fairly crucial point a more

large as the "direct" effect. From precise stability condition than
Egs. (13) and (16) it is seen that Eq. (18) must be obtained. The
the condition that the upper root Nyquist stability criterion gives
have a negative real part is for stability, instead of Eq. (18),
ey, ?
1 + —— +...'B_.——-» + ] + ——— +-§~—-—a ol
awz 7 wH2 a@2 T wH2 wy 2
2 2
@
N
£+A-r A+£ -4A+£+a A
T T T aﬂz
> , (20)
3
K-Fﬁ;* a
T

" L



which simplifies (taking A 3 0.1) to

o A (21)
32

2 2
TCUH

For the HRE (P
p, = 1000 psig,

w0 2k (2
N T Jp |38

P

= 1000 kw, T, = 250°C,

1 1 1 9%,

D wn
T pOVCp‘Ki T

- 10 1000 x (.00571) x 00
.837 ) 1.56
= 48 sec”?.

These numbers are givenin ORNL-630,(%)
except that 7 is taken as 0.837 X 10°4
sec froman earlier sectionof this re-
port. Take 5= .007 and wy?® = 2.56 x 10
sec'z, as given in a later section.
This latter figure refers to the HRE
design with separated main and pres-
surizer flows.

To agree with other work(®’ in
notation, multiply both sides of
Eq. (21) by 27/wg,

)1, A Welton to C. E. Winters, Pressurizer

Design, OBNL CF-51-8-31 (Aug. 6, 1951); N. H.
Woodruff to C. E. Larson, Review of Idaho
QOperations Office Assistance Program at ORNL,
OQNL CF-51-4-114 (Apr. 24, 1951).
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2
a = ;Lf > ou
“y
2
@y
@ ,2
= f{f; J§~ B (for stability) (22)
o) T 2
H LB
TZCUHl
= 4.05 x 10°%,

In Eq. (22) p; represents the frac-
tional loss offoscillation energy per
cyele due to fluid friction, and 9
represents the fractional gain per
cycle due to the antidamping arising
from the delayed neutrons. In a
later section i, 1s calculated for
the present design, and it is found
that for laminar flow in the pres-
surizer (which corresponds to fluc-
tuating pressure <~2.5 psi) -
9 X 10°%. For larger amplitudes
the flow becomes turbulent and By
increases about linearly with am-
plitude. w, = 4 %X 10°% will be
reached at Ap & 65 psi. This then
will be the limiting amplitude of
these oscillations. Other effects
such as bubbles, expansibility of
the core tank and heat exchanger,
etc. may change this result appreciably
so that no final conclusion on the
magnitude of limiting oscillation
can be made vet.

Some work (not yet final) has
been done attempting to specify a
pressurizer arrangement which will
be stable against small oscillations.

Nenlinear Mechanics of HRE with
Pressurizer (G. T. Trammell and T.
A. Welton). Consider first the
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simplified set of equations:

p =

. 1 dk
P=—|8+-—1P

T dp
S = e(P - P) > (1

reactor power,
prompt generation time,

excess reactivityunder external
control,

excess entropy of core,
excess density of core,
heat removed per second,

factor for conversion from
excess power to rate of change
of entropy,

frequency (radians per second)
of osecillation of fluid into
and out of the core, and

core pressure.

A convenient treatment of these
equations is obtained by the intro-
duction of a logarithmic power vari-

able,

Q = log P/PO' Equations (1)

then become

94

o 8 1dk .
= —— - —
T T dp
S = GPO(EQ - 1)
1 47 . d3p|
— -t 1 p=|— S > (2)
awz dt? 38
P
9p
= eP, | == |
Folas| (e )
P J

1 d? 8
—_ 1 Q -—
wH2 dt? T
efo dk do
tla—2 — 5] [ e® - 1) =0
T dp (oS ’
or
1 weee . )
__; Q +Q+ wy (eQ - 1)
“y
PL 5
= e e + 1 P
wH2 dt? T

(3)



wi th
<Py dk |9op
2 .
N il sl I
T dp |38
P

In this model delayed neutrons
are ignored, which assumption will
be seen to be completely unrealistic
in some respects, but is reasonable
for the study of power surges. In
this case, & 1s the excess prompt
reactivity. ‘

Consider first the case & = 0.
Equation (4) is then equivalent to
an energy equation, :

+ wﬂz(eQ - l=0 . (5

If 1/wy® = 0, the previously ex-
tensively studied case is obtained.
In this case, evaluation of the
energy constant yields an expression
for Q as a function of Q, and the
motion is therefore periodic, as has
been previously pointed out by J.
M. Stein. It is further obvious that
since Q? increases monotonically as
|Q] increases and since (e? - Q)
likewise increases monotonically as
|Q| increases, any motion must be
contained in a finite region of the
Q, O space.

if l/cuH2 is not zero, then it is
not possible to show rigorously that

FOR PERIOD ENDING AUGUST 15, 1951

the solution of Eq. (35) remains
finite for all time. The trouble
arises from the term

e
QQ’_; »

which is not positive definite and
may actually decrease strongly as
Q, O, or Q@ become large in magni-
tude. It i1s therefore to be sus-
pected that the motion described by
Eq. (5) goes arbitrarily far from
Q =0 after sufficiently long times.
This possibility 1s difficult to
verify formally, but » simple exam-
ination of poessible mechanisms
suffices to meke it clear that this
diverging motion would actually
peeur. .

Qualitatively, the motion de-
cribed by Egq. (5) can be regarded
as a superposition of two nearly
independent motions.  This is strictly
true for small amplitudes, in which
case {(1if wH2 >> wy?, as is actually
the case) one motion is a rapid
sinuscidal variation with frequency
nearly equal to wy, and the other
motion is a slow sinusoidal variation
with frequency nearly equal to wy.
No divergence occurs in the linear
approximation.

Assume, however, that a sudden
variation in k is made, so that a
large power surge 1s initiated. If
the initial rise rate of the power
is comparable with wy, thepressurizer
flow lags initially behiand that
required for expansion at constant
pressure. . This lag persists until
the rapid increase of pressure has
stopped, and the pressurizer flow
then overshoots. The net result is
that because of the nonlinearity of
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the system, one type of motion gener-
ates the other type. That 1s, a
single power surge generates an
undamped train of density oscillations
(frequency wy). These persist during
the recovery {(or cooling) period,
and, as the reactor again rises
through prompt critical, the density
variation may have such a phase that
the rate of rise of reactivity from
cooling is augmented by that due to
fluid rushingin from the pressurizer.
The next power surge will then be
more violent than the first. It 1is
apparently possible to find one or
more stationary motions ("limit
cycles,"” in not quite the correct
sense) in which the thermal oscil-
lation repeats, shifting -he phase
of the mechanical oscillation properly
each time a power surge occurs. A
more usual type of motion would
involve a steady increase of the
average level of the mechanical oscil-
lations, with acorresponding increase
in the amplitude of the power surges.

Jt is clear that a small amount
of frictional damping of the me-
chanical oscillations, combined with
some heat transfer or delayed neutron
damping of the thermal oscillations
will prevent a true divergent motion,
but may make possible one or more
stable or unstable limit cycles
involving a periodic sequence of
large power surges.

The precise restrictions which
must be made on the operating pro-
cedures to avoid the initiation of
such limit cycles are very difficult
to determine, although there is some
reason to believe that the existence
of the actual delayed neutron fraction
may render this type of motion im-
possible. Some numerical calculations
on this point are in progress.

Effect of Pressurizer on Limiting
Power Surges (T. A. Welton). The
simplest application of the foregoing
is to the question of calculating the
magnitude of the power and pressure
surge resulting from a sudden change
in k. For the simple (constant
pressure) model, the power calculation
is extremely simple and has been given
in a previous quarterly report
(OBNL 630).¢*> The pressure calcu-
lation (also given there) is more
complicated since the pressurizer
mechanism myst be taken into account
in estimating the deviation from
the constant pressure condition. The
influence of the pressurizer system
on the maximum power has, on the
other hand, not previously been
given, and this is of considerable
interest in the design of a suitable
pressurizer.

The result for the constant
pressure model is obtained by the
use of the previously given energy
expression (Vaw,? = 0) and is

82
wy(e? - Q) = , (1)
272

where Q is the value of logarithmic
power ratio at maximum and § is the
ini tial excess prompt reactivity.
For large 8, e >> Q and Eq. (1)

becomes

Po ¥ (2)
wy? 272
N ]

P =

A standard method for solving such
problems approximately is to assume
that the system exponentiates at the

96 :’IIIIII'I'IIIE:



initial rate (8/7) until the rate
suddenly drops to zero a time & after
the beginning of the "accident." This
time A is determined by calculating
the expansion on the assumption of a
steady exponentiation.
stant pressure model

S B
Q- T 3S‘p
>

é = ePo(eQ - 1

.

According to the simple procedure
outlined,

-
- B
Q=""
-
Q=1
T
. >~ (4)
S = eP (Pt L)
e(a/T)t - 1)
S = €P, el
8/ 1
J
Finally, set t = & and equate the
total reactivity to zero. An equa-
tion is thereby obtained for 4,
Ok| €P,T
5 = - | o e(S/T)A
oS o b
b
-1 =4 (5)
: T ,

On the con-

FOR PERIOD ENDING AUGUST 15, 1951

1f (3/7)D is somewhat larger than
unity, only the exponential term
is important, so that

2
Poe(S/’r)A = P = .....\..._i__._
Ok
T3S
4
p, &%
= —— —— (6)
aW2 2

It is seen that the peak power is
overestimated by a factor of two
only.

The same procedure can be used
in the model with pressurizer and
may then be expected to be of com-
parable amccuracy. Consider Egs. (1)
of the previous section,

“\
é 1. . dk
= 13 e
a dp #
§=ePgle® -1 p (7
1 . 3
s p = ,_,E_ S
wy oS o
./

Using & similar procedure and making
similar neglections,
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o . (8/7)yt
S = EPoe

eP0
- e(S/T)t
5/ T
EK.P (EE} e (377t
0
8 as),
P = . (8)
52
1 + — .
szTz

In obtaining the final line of
Eq. (8), only the dominant exponential
dependence has been kept.

The analog of Eq. (5) is

The maximum power P 1s then given by

82 82
= 1+
dk ap] w272
er — | .

do o8
p, 37 62

= 1+ (10)
w~2 7_2 wH2,r2

This is i1dentical with the corre-
sponding result for the constant
pressure model except for an increase
by a factor

82

1 +

CUH'T

This factor obviously takes into
account the fact that the reaction
now progresses further before the
acceleration of the pressurizer flow
allows criticality to be reached.
Tt is clear that the size of the
parameter 8/wyT determines the size
of the departure from the previously
obtained constant pressure resul ts.

For orientation, take wy = 160
sec! and 7 = 10°* sec. Then the
correction factor is approximately

1+ (608)% (11)

which 1s seriously greater than unity
for all values of & larger than 0.0L
It is therefore clear that previous
calcul ations seriously underestimate
the maximum power and pressure to be



expected from various steps in k, for
all steps larger than 1%. This
statement holds only for the present
pressurizer design, and various
simple modifications are under con-
sideration which would increase wH2
by a factor of as much as ten and
thereby greatly alleviate the
situation.

Damnping Produced by dDelaved
Neutrons (T. A. Welton). As noted
in the treatment of the system with
pressurizer and constant power re-
moval, but no delayed neutrons,
dangerous self-sustained power
oscillations can be set up whenever
information concerning the past of
the reactor 1i1s fed back into the
reactivity. These oscillations do
not have the character. of antidamped

" solutions of the linearized eguations,
but are rather "limit-cycle"” types
of motion. In the simple cases
studied the existence of a reasonable
delayed neutron fraction seems to
insure that such limit cycles will
be very difficult to set up. Some
work has been done in attempting to
understand the mechanisms involved,
so that fairly general criteria for

FOR PERIOD ENDING AUGUST 15, 1951

P(t) =[5 - aS - BIP(1)

3 e

B e o}
+J;“J dsK(s)P(t - s) L (1)

0

S = e - P, .

In these squations a slight modi-
fication has been made of the usual
definition of prompt generation
time, and this medified guantity is
assumed to be independent of the
state of the reactor {7 independent
of S). The kernel K(s) is the time
distribution of delaved neutron
emission following fission at s = 0
[K(s) has unit integrall, and 23 is
the fraction of delaved neutrons.
Introducing the logarithmic power
variable (Q = log P/P,) previously
defined, ' ‘
. 1 g M
g = - [é S

- ﬁ]«é?e’q(t) [ dsK(s)eQit s) b (2)

stable operation can be formulated. ‘o

Consider the model with expansion 8 = ePd(eQ -1,
at constant pressure and constant ~
power removal. The ‘equations are or

o B
. , S B ( V- 0(e) . . ”
Q + wy (e - 1) = — . — dsk(s)eQlt-s)-Qlt o(t) ~ ot - s) | . (3)
T T h

similar to those given previously
with 1/&)H2 = 0 and a "memory" term
inserted to account for delayed

neutrons.

It is desired to show that solu-
tions of this equation are always
damped. For this purpose, multiply
by Q and rewrite the eguation as
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The term on the left i1s the rate
of change of a positive definite
"energy." The first term (involving
8) on the right 1s the work done
per unit time by an external "force,"
while the second term {proportional
to B8) is the work done per unit
time by the damping "force" due to
the delayed neutrons. Consider the
linearized equation (small motion
about Q = 0). The above equation

becomes
2 .
d |¢ Wy § -
— — 4 — Q2 - Q _E
dt | 2 2 T T

With this equation the delayed
neutrons always cause damping. This
can be shown by imagining that the
"force™ 8/7 is such as to maintain
any steady motion of Q. Under these
conditions, the average value of
the left-hand side 1s zero, and the
average work done per unit time on
the system by the external “force"
1s
§ .

-

0 :f dsK(s) | Q*(t)

S0t - s) | . (6)

Qp dsK(s)eQ(+$)-0(0) Ef(r) - Ot - s)J- (4

There exists an obvious theorem
that for any periodic function

02(t) > O(t)Q(t - s) , 1)

so that the function K(s) im the
integrand is multiplied by a positive
function of s. Since K(s) must also
be positive (from its meaning), the
average work done on the system per
unit time by the external force is

dsK(s)‘:QQ(t) - b(t)b(t - S):j. (5)

positive. Without the force, the
energy of the system would therefore
decrease with time, and damping is
assured.

Such a theorem cannot be proven
when the linearized equation 1is
invalid. It is in fact a simple
matter to obtain a counter-example.
Suppose all the delayed neutrons
are emitted a definite time after
fission and that this time 1s of the
order of magnitude of the coonling
time required by the reactor for
some particular size power pulse.
It will then clearly be possible for
a steady motion to occur which
consists of a regular succession
of power surges separated by cooling
periods. The fission fragments



generated in each surge release
their neutrons during the last
portion of the heating phase of
the following surge. In this wavy,
each surge can reinforce the next,
and the losses in the system can
be canceled.

Such a pathological delayed
neutron law does not actually hold,
and a simple consideration of the
mechanism of damping indicates that
probably . for a law with K(s) de-
creasing monotonically, no real
trouble can occur. Systems of this
type have been solved numerically
in several 1instances (one such
solution is described in a later
section of this report), and the
HRE simulator has, of course, given
many such solutions during its use.
With a delayed neutron law resembling
the correct one even in a rough
way, nothing but a single overdamped
power surge has ever been found to
result from a single disturbance of
reactivity. The presence of a delay
fraction larger than 1/2% with a
mean delay time in the range from 1
sec upward then seems absolutely
certain to render all power surges
overdamped.

It 1s of some interest that the
assumption of a large mean delay
time makes 1t possible to prove the
damping property rigorously. Under
this condition, the memory term in
Eqs. (1) can obviously be calculated
by setting P{t - s) equal to its
average value P, This 1s actually
a fair approximation to the true
situation when it is remembered that
wy x 1 sep'l, while a mean decay
constant for the delayed neutrons
might be 0.1 sec”!. The first of
the two Eqs. (2) then becomes

FOR PERIOD ENDING AUGUST 15, 1951

0=215 . as - Al +mfe-o, (8)

ﬂf)—*

and Eq. (3) becomes

L) é ﬁ »
J 2(eC . A L
Q + aw (e 1) il Q ’(9)
The analog of Eq. (4) is
d )’
ol wVQ(eQ )
. .
== —-g e Q0% . (10)
T T

If 5 = 0 (no applied "force™),
then the rate of change of the
positive definite "energy"” is equal
to the negative definite "dissipation
function” ‘

[&)

_QQ ,

and any motion must therefore become
smaller and eventually cease.

A similar situation holds when a
simple heat transfer lag (Newton's
law for cooling, rather than constant
heat removal) is assumed. For the
second of Egs. (1), substitute

S +mS = ePy(e? - 1), (11)

where a shift in the origin of §
(and hence of reactivity) has been
made. Combined with the assumption
of an average delayed neutron level,

Eq. (11) leads to
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Here again Eq. (12) gives the time
derivative of a positive definite
energy equal to a negative definite
function, and damping is assured.
Such simple calculations give some
reason to believe that the much more
complicated heat transfer effects
in the HRE will likewise contribute
to the damping of power surges.
Unfortunately, 1t is fairly certain
(from a preceding section) that such
damping is necessarily accompanied
by a tendency to antidamp the pres-
surizer motion.

Numerical Calculation of a Power
surge (W. C. Sangren, L. H. Thacker,
H. T. Williams, and P. M. Wood).
The results of some numerical calcu-
lations are given in ORNL-925.(7)
Similar calculations have been
carried out for a simplified set of
equations with a %5k equal to 0.01.
The calculations were performed 1in
order to obtain a better concept of
the role that delayed neutrons play
in the damping of large power oscil-
lations and in order to obtain data
for comparison with analytical
results. The equations of motion
under consideration are

(7)¢ Dynamics,” Homogeneous Reactor Experi-
ment Quarterly Progress Report for Period Ending
qovem er 30, 1950, ORNL-925, p. 78 (Jan. 30,

951).

§) b:%[a(T—To)JrSk-ﬁZ]PJrBC,

(2) T=8P-P,) ,
(3) é::- AC-+f§P ,
T
where

P = power level of reactor, P

0

= 103 kw,

T = temperature, T, = 250°C,

C = lumped concentration of delayed
neutron emitters,

T = prompt generation time = 1074
sec,

a = temperature coefficient of

reactivity = 10°3/°C,

A = decay constant for assumed
single group of delayed neutron
emitters = .08 sec"!,

B = fraction of delayed neutrons
= 7.5 % 10°%, and

S = reciprocal heat capacity of
reactor = 5.73 X 10°3% °C/kw-

sec.

The same results are obtained whether
one assumes a given 8k and the initial
temperature equal to the equilibrium
temperature or one assumes 8k = 0
and the initial temperature equal
to the equilibrium temperature minus
8k/a. The Runge-Kutta method of

numerical integration was used.

The results of the calculations
are displayed in Figs. 8.2 - 8.4.
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P .,.?=1.65x 10% kw ,

.29
This may be compared to the calcu-
lated valne

P =

29 1.70 x 10* kw ,

which perhaps makes it clear that
the role of the delayed neutrons is
to provide a slowly decaying power
level. This slow decay interferes
with the recovery process, which,
in the absence of delayed neutrons,
would begin at about ¢ = 0.16 sec.
In this case, the temperature rises
monotonically to the equilibrium
value. If 8 were smaller, the
temperature could rise above equi-
librium, but only at a slower rate
than the first time, so that damping
of a prompt power surge seems 1in-
evitable in any event.

Possibility of Slow, Undamped Power
Excursions (W, C. Sangren and T. A.
Welton). Although it seems unlikely
that any rapid, undamped power varia-
ations (with reactivity at times ex-
ceeding prompt critical) can occur
when a reasonable delayed neutron
fraction is present, the absence of
a rigorous theorem on this point
raises the possibility that slow
power variations may exist which can
be steady and which never involve

passage above prompt critical. This
possibility can be ruled out, or at
least rendered very unlikely, by use
of the method of isoclines. Consider

the model with constant pressure ex-
pansion, constant power removal, and
one group of delayed neutrons. The
equations are

104

. 1 3
12 :""’(G.S + ﬁ)P + AC
T
. 3
&= g+ \ (1)
T
S =elP - P, . J

If no-excursions above prompt crit-
ical are made and all variations with
time are small in a time 7/8 {¥10°?2
sec), an excellent approximation to
Eqs. (1) is obtained by dropping P.
This corresponds to calculating the
power level by simple instantaneous
multiplication of the delayed meutron
source.

Choose 1/A as the unit of time and
define

P ]
x =
pO
S L,
eP,
AT
y = — C (2)

P,

el
aeP, 5
AT 2

With these definitions and neglect

of P the Egqs. (1) are equivalent to
. 3 V
xy - yx =—zx2(x - 1)
“
) (3)
y = -y tax



Finally, substitution of the second
into the first yields :

i v x2 v x3
x [1 +-]-~ - ——— . x
My Hoy {(4)

i

Y

1t

x -y

Division of the second equation by
the first yields

d (x - y)
g yy"zy — (5
d 1+~] )
x [ " X xy " X
Taking a€P /7T = 50 sec™? for the

HRE, 8 = 0.01, A = 0.1 sec”t, the

constants become

v = 5 % 103,
p = 10%,
viw = K = 5,

Figure 8.5 represents the solutions
in the phase plane of the equation

dy y(x - y)

de (1 + K)x* - xy - K«?

The equation has three singular points:
y =0, x=0; y =1, x= Land y = 0,
x (1 + K)/K. The singular point
¥y =1, » = 1 is a stable node while
the singular point y =0, == (1 + K)/K
is a saddle point. The usual plot
in the phase plane is somewhat com-
plicated by the fact that the isocline
curves are not easily drawn. It 1is
clear from the graph that a stable
situation exists, i.e., starting from
any point except ¥y = 0, =z = 0 the
motion will always end at y =1, x=1.

£

This behavior is assured by the “im-

il
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penetrable’ line extending from the
stable node to the saddle point.

A Method for Treating Certain
Second-Order Nonlinear Differential
Equations (W. C. Sangren). Many
second~order nonlinear differential
equations, including some of interest
in the treatment of reactor kinetics,
fall into one of the following three
classes:

1) - + flx) | [Alxy, x,, 2)) =0,
| 9%
2 | -2
— dxl
telx,, x,, x,) [G{g(xl, x,, x,)}]
=0,
and

d I dk
(3) | —+ k(t, y) LK{k,m—, 5 |=0,
dt dt

where x,, %x,, %, represent t, Yy,
dy/dt in any order. Egquations in
classes (1) and (2) may be solved by
solving in sequence two first-order
equations, while equations in class
(3) maybe solved by solving a simpler
second-order eqgquation. Further
details concerning the technique
of obtaining the solutions will
appear 1n the next gquarterly progress
report of the Mathematics Panel.(®’

®y. ¢, Sangren, '* A Method for Treating
Certain Second-Order Nonlinear Differential
Equations,” Mathematics Panel Quarterly Progress
Report for Period Ending October, 31, 1951,
OHNL~1151 (to be issued). Co
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An elementary application may be
made to the equation

p?

P
— - = - aS(P - Py) ,

r p2

t l
which results from the elimination
of T between the equationsT = S(P - P))
and P = -(aT + S)P. let P/P, = y
and multiply by y. One then obtains
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. 1.
y -—y* + aSPyy(y - 1) =0 .
y -

This equation. takes the factored
form

d 2 J 1.,
T e T - Y
dy y 2

+ aSP y*(y - logy) [~ 0



Consequently,

1
-E—yz + aSPyy?(y - log y) =Ky?,

where K is an integration constant.
This result can also be obtained
by using Egqs. (3) and (4), page 24,
ORNL-630.¢*?  From the last equation
it follows that

yH ”
t = {2 - 208P,(z - log z2) 1 27idzx.

y(o)

The equations

e |dR] ¥® y
= | + Pl =
Y [dy] h(y) {h} Gly)

and

.. y| dh ~
+ fl=| — h =0

can be replaced by two first-order
equations which may be integrated
by quadrature in the phase plane
since the variables are separable.
The above two equations prove to be
the most generak equations of the
type y = H(y, y), which can be
integrated in such a fashion. This
result1s of interest as demonstrating
explicitly when many second-order
equations can be transformed by
change of dependent variables to a
form where an "energy" constant
of the motion exists. :

FLUID FRICTION COEFFICIENTS IN THE
PRESSURIZER TUBE AND THEIR EFFECTS
ON THE REACTIVITY OF THE
CORE MATERIALS

B. E. Aven

Changes in the reactor core density
are caused by reactor temperature

FOR PERIOD ENDING AUGUST 15, 1951

changes and are essential for stabil-
1ty. These changes are actually
affected by the flow of core liquid
into or out of the pressurizer, and
it is necessary to know the natural
frequency and damping coefficient of
the resulting pressurizer oscilla-
tions, The frequency is 24 eyeles
per second at 500°F and 31 cycles per
second at 400°F. By using a modified
form of the Fanning equation for the
turbulent flow region and a modifi-
cation of Poiseuille’'s law for the
streamline flow region, and by assum-
ing that the flow in the pressurizer
tube is essentially that due to the
core acting as a Helmholy resonator,
it is possible to derive the equation.
for the friction decay coefficient of
mechanical oscillation.

w = [16/3]FB = fraction of energy
of oscillatien lost per cycle,

where
4 = friction decay coefficient,
3 ‘
- L, ETAY
Fo=0,0621f P
Dei Ai P ¢
=1
B = Ap = excess density of solution,
f = friction factor,
L = length of pressurizer tube sec-
tion,
D, = equivalent diameter of tube,
V = volume of reactor core,
A = cross-sectional area of the pres-

surizer tube available to flow,

© = density of liquid in reactor,
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¢ = velocity of sound through the

liquid,
c .
w = —- = frequency of oscilla-
L tion,
dx
[
s A
s
and
x = distance along pressurizer,

measured from core edge.

The relation between the pressure
amplitude in the core and the change
in reactivity 1s given by

. -6 "
(AR ., = 2.46 X 107° @ 500°F
or

[AR] ., = 1.44 X 10°% @ 400°F,

where [Ak]max is the maximum change
of reactivity and Op is the pressure
amplitude in psi.

Figure 8.6 shows the decay factor,
i, plotted vs. the change of reactiv-
ity and the pressure amplitude. For
further information on this subject

see ORNL CF-51-7-114.¢(®)

HEAT TRANSFER COEFFICIENTS FOR THE
STEAM GENERATOR

R. E. Aven .

Reactivity changes in the core
materials produce certain effects
on the heat generator and its ability

(R, E. Aven, Calculation of Fluid Friction
Coefficients in the Pressurizer Tube and Their

Effects on the Reactivit o{ the Core Materials,
L CF-51-7-114 (July 2%, 951).

to deliver steam at the desired power
level. To make an analytical study
of the reactor vessel--heat exchanger
system, particular fluid and heat
transfer coefficients of the heat
exchanger are needed.- The coeffi-
cient, K, which determines the tem-
perature drop per unit time of a
slug of fluid passing through the
Iheat exchanger tube, is defined as
l

' UA

K=_n
C
P

where

7K = fﬁérp§}“coefficient in 1lb/hr,
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A = area of heat transfer in ft?,

C = heat capacity of fluid flewing
in the tubes in Btu/1b-°F, and

U = over-all heat transfer coeffi-

cient of the heat exchanger in
Btu/hr~ ft2-°F,

By using the equation

1 ) k 7
hi(Di/Do) x,D /Do h hf

avg O

where
hi = inside fluid film coeffi~
cient of heat transfer,

h = outside fluid film coeffr-
cient of heat transfer,

hf = fouling coefficient (assumed

5000),

k = thermal conductivity of metal
in tubes,

x_ = thickness of tube wsll,
D = outside diameterof the tubes,

D = arithmetic average diameter
of the tubes, and

=
o

inside diameter of the tubes,

the value of the heat transfer coef~
ficient can be calculated.

It is necessary also to know the
value of the coefficient

d
dT,

L

at various power levels of operation.
The latent heat of vaporization, L,

FOR PERIOD ENDING AUGUST 15, 1951

is found from the steam tables and
the variation of the weight of stored
steam wrth temperature is found from
the equation

dW My

U, »

dT R|T dT T 2
N 3 s 8

1 dps

P

where

W = weight of stored steam in the
steam generator,

V= volume of steam in the steam
generator,

M = molecalar weight of the steam,

R = gas constant,

T = temperaturein absolute units,
and

= variation of the vapor pres~

s sure of steam with tempera-
ture, which 1s found from

the steam tables. ‘

The coefficients

K, U d L i
? 7 an de

ave plotted vs. the power level in
Figs. 8.7 and 8.8.

The ‘time required for a particle
of fluid to pass through each tube
varies due to the varying length of
the tubes and the resul ting wariation
of the velocity in each tube. By
assuming an equal pressure drop across
each tube, the velocity in each tube
can be calculated and consequently
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Fig. 8.7 - Heat Transfer Coeffi-

cients for the HRE Boiler.

the time of passage through each tube
may be found. Table 8.4 shows the

results of such caleculations.

For further in formation on the
heat transfer coefficients see ORNL
CF-51-8-116, (10}

SAFETY CALCULATIONS FOR THE HRE

R. E. Aven and P. C. Zmola

The generation of hydrogen and
oxygen from the decomposition of
water by fission fragments in the
core tank of the HRE presents a

(10 g, Aven, Heat Transfer Coeffictents
for the Heat Exchanger, ORNL CF-51-8-116
(Aug. 17, 1951).
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1

possible hazard from a chemical
explosion should the gas mixture
become ignited.: A similar hazard
exists from the possible accumulation
of deuterium and oxygen in the gas
"space above the reflector as a result
of radiation decomposition of the
reflector.-

Calculations for the core tank
explosion were performed for a mean
core temperature and pressure of
250°C and 1000 psi, respectively.{(!l)
The gas volume geometry in the core
may be idealized in a number of ways.-

| |

(ADp. C. Zmola and T. A. Welton, Effects o{
Possible Chemical Explosions in the Core Tan
of the HRE, ORNL CF€51-7-3 (July 3, 1951).
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TABLE 8.4

Calculated Values of Velocity and Time
of Passage Through Steam
Generator Tubes

NUMBER TIME -IN FRACTION OF FLUID
OF EACH ROW THROUGH EACH ROW
ROW TUBES (sec) OF TUBES
1 14 0.619 0.127
2 16 0.629 0. 143
3 15 0.639 0.135
4 16 0.651 0.143
5 - 15 0.660 0.134
6 12 0.671 0. 107
7 11 0.683 0.097
8 8 0.691 0.070
9 5 0.701 0.044

The idealizations which appeared most
realistic were:

1. The explosive mixture occupies
a 200-cc spherical volume con-
centric with the core shell.

2. The explosive mixture occupies
a 200-cc cylindrical volume at
the axis of the core vortex and
extends across the entire di-
ameter of the core. For this
geometry the core vessel could
fail in two ways,

a. Failure in tension as a
result of a radial shock
wave,

b. Failure in shear as a result
of localized shock at either
end of the gas core.

Results of the calcul ations indicated
that an explosion in the gas core
would not be of sufficient violence
to rupture or deform the core tank.

.might be crushed.

FOR PERIOD ENDING AUGUST 15, 1951

A similar calculation®!?) was
carried out for the reflector tank
at anumber of temperatures. Deuterium
and oxygen resulting from decomposi-
tion of the refl ector matevrial by
radiation can collect in the gas
space above the reflector. Should
ignition take place, an explosion
could result which might (1) rupture
the reflector tank, (2) blow off the
reflector tank cover, (3) crush or
buckle the core tank, and (4) crush
or buckle the pressurizer tube.

Results indicate that the reflector
tank and cover would not fail in this
type of explosion. On the other hand,
the core tank and pressurizer pipe
However, inertia
effects, which were neglected, would
probably enable the liquid-filled
core tank to withstand somewhat
greater pressures than indicated by
the calculations,

The rates of diluent addition
required to keep combustibles at
nonexplosive concentrations are
given in Table 8.5. The gas gener-
ation was calculated on the basis of
one moleculeofH, per 100 ev absorbed
in the reflector. Approximately 5%
of the total power was taken as
absorbed in the reflector on the
basis of a calculation made by esti-
mating the quantity of primary gamma
radiation, neutrons, and secondary
gamma radiation absorbed in the
reflector. Convenient diluent gases
might be hydrogen, deuterium, or
helium. ’

(g B, Aven and P. C. Zmola Effects of
Possible Chemical Explosions in the Reflector

Tank of the HRE, OBNL CF-51-7-105 (July 24, 1951).
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TABLE 8.5

Nonexplosive Conceantration (15%)

Above

Reflector at
fova Reflector Pressure
of 1000 psi 2and Reactor Power of 1888 hw

TIME REQUIRED FOR
ACCUMULATION MINIMUM BATE OF
GAS OF EXPLOSIVE MIXTURE DILUENT ADDITION
REFLECTOR | GENERATION | REFLECTOR AT | REFLECTOR AT | DILUENT REQUIMED | AT REFLECTOR
TEMPERATURE RATH HIGH LEVEL LOW LEVEL | FOR STEADY-STATE | CONDITIONS | STP
(°c) (£e3/he) (hr) (hr) OPERATION (%) (£e3/hr)  |(£¢3/hp)
100 0. 38 1.9 5. 4 84 2.12 107
150: 0.43 1.7 4.7 78 2.25 97
200: 0.48 1.6 4.3 62 2.0°1 77
250 0.54 1.6 4.3 27 0.97 34
974 0.56 w b 0 0.0 0
112
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9. CONTROLS

1951

L. R. Quarles, Leader
D. G. Davis E. E. Mason
J. R. Hart C. A. Mossman
L. P. Howland J. E. Owens
L. P. Inglis V. K. Pare
E. R. Mann W. P. Walker
B. P. White

More complete calculations on
heat generation and loss in the
reactor indicate that the shutdown
operation must be modified. Ac-
cordingly, the soup circulating
pump must be left running or the
soup must be dumped on any shutdown.
Any signal indicating a soup leak
must, of course, dump the soup, but
other emergency signals or manual

operation will not dump the soup

unless the circulating pump stops.

The pressurizer control has beeun
changed to permit partial oxygen
pressurization. The flow sheet for
this is shown in Fig. 9.1. The
vapor pressure is maintained at the
desired value by temperature control
of the 10-kw boiler. The total
pressure is maintained at the desired
value by admitting oxygen under
control of the total pressure instru-
ment. The double valving system
shown is used to prevent any possi-
bility of active gas backing up in
a line to the outside of the shield.
Oxygen pressure is maintained in the
intermediate reservolr at a value
above that in the pressurizer space.
Interlocks prevent both
opening at the same time.

valves

The soup circulating system in-
strumentation has been changed. The
instrument which formerly gave soup
average temperature has been recon-

L

nected to measure temperature drop
across the heat exchanger and will
be calibrated in terms of extracted
This instrument and the
neutron level instrument will be
supplied with integrators to provide
a direct indication of total energy.

power.
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Development work on a deuterium
detector has given promising results.
This device 1is intended for use in
the D,0 off-gas system (and possibly
elsewhere’) to detect any decrease
in efficiency of the recombiners.
The specifications call for operation
over a wide range of flow rates and
for the detector to be as sensitive
as 1s consistent with reliable
operation. A survey of available
methods of detecting hydrogen with a
simple instrument failed to show
anything which was suitable but did
show a promising approach. The
work therefore has been concentrated
on modifying a commercially available
device, the Davis Hydrogen Detector,
for this purpose. This detector
uses an activated platinum filament,
electrically heated, with an attached
thermocouple. Hydrogen and oxygen
passed over the filament recombine
and heat the filament still more, the
increase of temperature being deter-
mined with the thermocouple. To
compensate for variations in cooling
by changing flow rates, a second
unit, similar in construction but
using a noncatalytic filament, 1s
inserted in the gas stream and the
thermocouples of the two are connected
in opposition. Tungsten and chromel
have been used for this second
filament, the latter being somewhat
the better. An output which is
approximately 2.5 times the noise
level signal can be obtained for a

0.25% stoichiometric mixture of |

hydrogen and oxygen in helium with
flow rates from 10 to 5000 cc/min.

A liquid-level transmitter has
been developed for use on the pres-
surizer. This consists essentially
of a restrained float and inductance
transmitter as shown in Fig. 9.2,

The float 1s Schedule 40 pipe sup-
ported by a double cantilever struc-
ture of stainless steel rods. These
are placed at the top of the chamber
so they are in a gas bound space
and hence not subject to large
temperature variations and resulting
errors. A motion of the magnetic

core of approximately 0.03 in. for a.
1

OFFICIAL USE ONLY
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Fig,. 9.2 - Pressurizer Liquids

Level Float.
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10-in. change of level produces full- high-frequency fluctuations while
scale deflection on the recorder. still permitting the instrument to
Present work is directed toward follow level changes due to power
suitable damping means to remove changes.
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10. SOLUTION CHEMISTRY

W. L. Marshall, Leader

W. B. Bunger
H. O. Day, Jr.

J. 8, Gill
E. V. Jones

H. W. Wright

THE URANIUM TRIOXIDE —PHOSPHORIC
ACID-—WATER SYSTEM

J. 5. Gill W. L. Marshall
H. W. Wright

During the past four months a
study has been made of the uranium
trioxide— phosphoric acidw-water
system todetermine its potentialities
as a reactor fuel. As a result, the
phase solubility relationships of
uranium trioxide in phosphoric acid
have been determined at 250°C from
dilute concentrations to 350 g of
uranium per liter of solution. These
data have been coupled with the pre-
liminary work(!? in order to present
a more complete picture of the system,

Much uncertainty has existed in
using the synthetic method for the
study of this particular system be-
cause of the apparent slow approach
to equilibrium. Consequently, effort
has been concentrated in devising
methods which rely on final analyses
of the solutions after equilibrium
is attained.

Experimental. A rotator was de-
vised which could hold ten silica
tubes (4-in. length, 4-mm 1.d.) con-
taining appropriate solutions and
solids and which operated in a small
oven equipped with quartz windows for

(1)« The Uranium Trioxide-Phosphorus Acid-

Water System,’”’ Homogeneous Reactor Project
Quarteriy Progress Report for Period Ending
Hay 15, 1951, L-10657, p. 112 (Oct. 10, 1951)

observation. However, the temperature
control was not better than %5°C;
therefore, a second rotator was de-
vised which operated in a liquaid
salt bath thermostated to 250 £ 0.5°C.
All reported analytical data were
obtained using the ligquid salt rota-
tor; the oven rotator was used only
for exploratory purposes.

Appropriate concentrations of
Mallinckrodt water-washed uranium
trioxide and c.p. Baker and Adamson
orthophosphoric acid were sealed 1n
d-mm-i.d. silica tubing. Dissolved
air was not removed before sealing.
These tubes were placed in the liguid
salt unit and rotated at 250°C for
72 hr. FEach tube was removed, cooled
rapidly in an ice mush, centrifuged,
and broken, and the solution was
pipeted from the solid phase. Approx-
imately 1% min elapsed from the time
of removal to final separation. The
assumption, based on previous obser-
vations, (!’ is that solubility equi-
librium is not sufficiently altered
during this operation to affect the
analyses.

Both phosphate and uranium were

analyzed by colorimetric methods(?%-3)
accurate to *3%.
(23, E. Curreh and F. E. Beamish, “ Colori-

metric Determination of Uranium with Thiocya-
nate,” Anal Chem. 19, 609 (1947).

(3)P. B. Fisk et gl., ‘““Microdetermination
of Phosphate,” Chemical Research —— Adnalytical,
Metallurgical Project, A. H. Compton, Director,
(N-1792, p. 18 (June 1, 1944).
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The solubility of uranium trioxide
at 250°C as a function of phosphoric
acid concentration 1s given in Table
10.1 and Fig. 10.1. Two of the points
obtained previously(!’ by the syn-
thetic method are shown on the figure
and agree approximately with the
analytical values.

TABLE 10,1

Solubility of Uranium Trioxide in
erthophosphoric Acid
Solutions at 250°C

SAMPLE | MOLARITY | MOLARITY | MOLE SOLUBILITY
NO. OF H,PO, | OF UO, | RATIO, PO,/U
1 2.77 | 0.23 12.
2 3.57 | 0.42 8.5
3 4.86 | 0.78 6.2
4 5.05 | 0.84 6.0
5 5.95 | 1.26 (?)
6 6.05 | 1.13 5.35
7 6.69 | 1.30 5.15
8 6.95 | 1.43 4.86

From these data, then, at 300 g of
uranium per liter, a mole ratio,
PO, /U = 5.2, will be necessary for
this solubility. At 40 g of uranium
per liter, the ratio is 13.

Conclusions. At 250°C aqueous
phosphoric acid solutions of approx-
imately 300 g of uranium per liter
or more apparently are feasible for
reactor fuels from a phase solubility
and neutron cconomy standpoint.

No additional work will be done on
this system unless future develop-
ments warrant a more extenslve study.

THE EFFECT OF CARBON DIOXIDE ON
THE SODIUN URANYL CARBONATE~
WATER SYSTEM

H. W. Wright and J. S. Gill

This study was undertaken to as-
certain the feasibility of sodium
uranyl carbonate in water and under
carbon dioxide pressure as an alter-
nate fuel for a homogeneous reactor,.
Previous studies(*) at temperatures
up to 90°C indicated that this salt
might prove an acceptable fuel for
operation at 250°C if the forward
hydrolysis equilibrium could be suf-
ficiently inhibited by carbon dioxide
pressure according to the following
reaction:

oo
Na,U0,(CO,), + H,0-5U0, + H,CO, + 2Na,CO,

CO, Pressure

Aliquots of approximately 1 cc of
a saturated (0.24 M) Na4U02(C03)3
solution prepared from an aqueous
reaction of uranium trioxide and
sodium bicarbonate were sealed 1in
silica tubes, heated to 250°C and
observed. A "blank"™ containing a
saturated solution of sodium bicar-
bonate was run at 250°C in order to
note any reaction which might be due
to sodium or bicarbonate. In ad-
dition, tubes with the Na,U0,(CO,),
solution saturated with carbon dioxide
and other tubes containing solution
in which small amounts of dry ice
were added before sealing were run.

No precipitation was observed in
the "blank" after 24 hr at 250°C.

(4)W. E. Bunce, N. H. Furman, and R. J.
Mundy, The Solubility of Sodium Uranyl Carbonate

in Water and in Solutions of Various Salts,
M- 4238 (May 1947).
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Fig. 10.1 - The Solubility of Yranium Trioxide in Phosphoric Acid at 250°C,

However, upon cooling, a cloudiness
did appear and remain on the walls
of the tube indicating that a definite
but slow decomposition had occurred.
In all runs involving the Na,U0,(CO;),
solutions, uranium compounds (evi-
dently hydrolysis products) pre-
cipitated from sclution. These yellow
precipitates were first observed at
190°C 1in the tubes containing no
carbon dioxide. Precipitation occurred
to a lesser degree and at a slower

rate in those tubes containing carbon
dioxide but only after remaining at

200°C for 1 hr.

carbonate~carbon
dioxide-water.system, therefore,
appears unfeasible at 250°C both
from a hydrolytic instability and
low-solubility standpoint. Further
study could indicate hydrolytic sta-
bility 1f high carbon dioxide pressure
were applied to the system; however,

A sodium uranvyl
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it is doubtful whether the uranium
solubility could be increased suffi-
ciently,

VAPOR PRESSURES OF URANYL
SALT SOLUTIONS

H. 0. Day, Jr.

The compound manometer system
which had been designed for measure-
ment of vapor pressures below 10 atm
has been completed. The utilization
of this apparatus has been postponed
temporarily in favor of measurements
of vapor pressures at the higher
temperatures (150 to 350°C) and cor-
responding higher pressures.

In preparation for the measure-
ment of these pressures a Leeds and
Northrup thermohm unit with a re-
sistance of 25 ohms was selected to
measure the temperature. This plati-
num resistance thermometer was care-
fully calibrated against a Bureau of
Standards calibrated platinum re-
sistance thermometer at 100, 130, and
160°C. The values obtained together
with the ice point provided suffi-
cient data to assign values to the
constants 1in the Callendar equation.

An a-c type Brown recorder and
Baldwin pressure gage (strain gage)
was obtailned and very carefully cali-
brated against a dead weight piston
gage. The pressures were measured at
temperatures from 25 to 35°C at 50-
psi intervals from 35 to 200 psi and
at 100-psi intervals from 200 to 5000
psi. HReproducibility seems to be
within 1 to 2 lb/sq in. at any par-
ticular temperature and pressure.

A thermostat containing the molten
eutectic mixture of KNO;, LiNO;, and
NaNO; was built for use at the higher

temperatures. Apparatus for gently
shaking the pressure bomb mounted
inside the thermostat was constructed.
Temperature control is attained by
use of a nickel resistance ther-
mometer in conjunction with a Leeds
and Northrup Duration Adjusting Type
Controller. The thermostat fluid
is stirred by means of a centrifugal

pump .

The first measurements of vapor
pressure will be made on solutions
of uranyl sulfate with concentrations
of approximately 30 g of uranium per
liter and 300 g of uranium per liter.
The solutions will not be degassed
but will contain practically equilib-
rium gquantities of dissolved air.
Later measurements of vapor pressure
will be made on pure distilled water
both degassed and saturated with
air. This will determine whether
degassing of the uranyl salt solutions
is a necessary step and will also
check the over-all accuracy of tem-
perature and pressure measurements.
It 1s,0f course, realized that air
introduces an error in the vapor
pressure measurements, but if 1t 1is
less than 1 to 2 1lb/sq in. it can be
ignored.

Apparatus for sampling the vapor
phase from the bomb together with
connecting lines for degassing pur-
poses 1s being designed.

STUDIES OF ELECTRICAL CONDUCTIVITIES
OF AQUEOUS URANYL SULFATE SOLUTIONS

W. B. Bunger

The investigation of electrical
conductivities of solutions of uranyl
salts 1n water has been broken down
into two series of measurements. The
first series will consist of measure-
ments made with a conductivity cell



of conventional design covering the
temperature range of 15 to 100°C,
A second series of measurements over
the temperature range of 100 to 300°C
presents a more difficult problem,
for in this case the cell must be
capable of withstanding corrosion
and high pressures (up to 100 atm).

Equipment for the measurement of
conductivities in the lower tempera-
ture range has been assembled and 1s
expected to be in operation soon.
The bridge chosen for this work was
a modification of the bridge of Jones
and Josephs(®? described by Dike.(8)
This bridge is capable of giving
results having an over-all accuracy
of £0.009%. For the present we ex-
pect a somewhat lower accuracy, 10.02%,
since no effort has been made to con-
trol the temperature and humidity of
the room, and the bridge resistors
have not been calibrated.

The source of alternating current
will be .a Hewlett Packard audio-
oscillator. Measurements are planned
using several different frequencies
at each temperature so that correction
can be made for the resistance at the
electrodes of the cell due to polara-
zation.(?’? These data may also be

(5)G. Jones and R. C. Josephs, * The Measure-
ment of the Conductance of Elcctrolytes. [I.
An Experimental and Theoretical Study of
Principles of Design of the Wheatstone Bridge
for Use with Alternating Currents and an Im-
proved Form of Direct Reading Alternating
Current Bridge,”” J. Am. Chem. Soc. 50, 1049
(1928).

(6)P. H. Dike, “ A Bridge for the Measurement
of the Conductance of Electrolytes,” Rev. Sci.
Instruments 2, 379 (1931).

(7)G. Jones and S. M. Christian, ‘‘ The
Measurement of the Conductance of Electrolytes.
VI. Galvanic Polarization by Alternating
Current,” J. Am. Chem. Soc. 57, 272 (1935).
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used as criteria for sufficient plat-
inization of the electrodes.‘®) The
output of the bridge will be fed into
a tuned amplifier and an oscillo-
graph will be used as the detector.!??

The temperature of the cell will
be controlled by a thermostat con-
structed in our laboratory. Tempera-
ture measurements will be made by a
platinum wire resistance thermometer
whose resistance 1s measured with a
Muller bridge.

A still has been constructed {for
the production of conductivity water.
It 1s essentially a modification of
the still described by Thiessen and
Hermann®'®? which was redesigned so
as to occupy less laboratory space.

For measurements 1in the higher
temperature range (100 to 300°C) a
cell similar to that described by
Noyes and Coolidge‘’™!’ is being con-
structed. This cell may be subject
to a large Parker effect('?? which
will not be conducive to results of
high precision.

(8)G. Jones and D. M. Bollinger, ‘f The
Measurement of the Conductance of Electrolytes.
Vii. On Platinizavion,” J. Am. Chem. Soc. 57,
280 (1935),

(9)G. Jones, K. J. Mysels, and W. Juda, * The
Measurement of the Conductance of Flectrolytes.
IX. The Use of the {athode-Ray Oscillograph as
a Detector,” J. Am. Chem. Soc. 62, 2919 (1949).

(10)p 4. Thiessen and K. Herrmann, *“ FEine
Finfache Methode zur Herstellung von Leitfahig-
keitsivasser Hochstein Reinheitsgrades,’” 7.

Elektrochem. 43, 66 (1937).

PO A A, Noyes and Coolidge, Carnegie
Institute of Washington Publication No. 63

(1905).

(Ay. €. Parker, " The Calibration of Cells
for Conductance Measurements. II. The Inter-
comparison of Cell Constants,” J. Am. Chem. Soc.

45, 1366 (1923).
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PREPARATION OF PURE URANYL SULFATE
FOR EXPERIMENTAL PURPOSES

M. H. Lietzke and J. C. Griess

A very pure uranyl sulfate solu-
tion has been prepared for experi-
mental purposes by combining steoichio-
metric amounts of uranium trioxide
and sulfuric acid.
oxide (Mallinckrodt) was first washed
four times by decantation to remove

The uranium tri-

any contamlnatling uranyl nitrate. A
conductimetric titration of a slurry
of the oxide in water was then made
with 4 ¥ sulfuric acid. Since an
excess of acid was used, the back
titration was effected with uranium
trioxide of known uranium content.
Analysis showed that the uranium to
sulfate ratio on the final product

was 1.003 = .003.

A preliminary pl curve has been
run for various concentrations of
this uranyl sulfate and has been
found to differ from the one given
by Helmholz and Friedlander.('3’ The
pH curve will be 1nvestigated further
and a density vs. concentration curve
will be obtained.

URANYL SULFATE PRODUCTION - ACIDITIES,
REFRACTIVE INBICES, AND DENSITIES
OF URANYL SULFATE SOLUTIONS

M. H. Lietzke H. W.
W. L. Marshall

Wright

A production procedure for uranyl
sulfate involving the direct addition
of sulfuric acid to uranium trioxide
has been written and distributed to
the proper groups. For analytical
control purposes, acidities, refrac-

(13)],. Helwholz and G. Friedlander, Physical
Properties of Uranyl Sulfate Solutions, LAMS-30
(Dec. 15, 1943).

tive indices, and densities of uranyl
sulfate solutions near room tempera-
ture have been determined. pH values
as a function of concentration at
20.0, 25.0, 30.0,and 35.0 * 0.1°C are
shown in Fig. 10.2. Values inter-
polated from these data differ some-
what fromprevious values at 22°C.(!3)
The refractive indices and densities
at 25 £ 0.2°C are given in Table 10.2
and shown in Figs. 10.3 and 10.4. By
assuming a temperature correction
factor the densities at 25°C are in
agreement with previous datal'3) at
20°C.
Experimental., Uranyl sulfate was
prepared according to the production
procedure mentioned above by J. C.
Griess and M. H. Lietzke. The molar
ratio of sulfate to wranium after
final adjustment was 1.003 £ 0.003.

Acidities were measured using a
Beckman pH meter, and a 10-ml pic-
nometer was used for the density
determinations. Refractive indices

TABLE 10.2

Refractive Indices and pensities of
Agueous Uranyl Sulfate at
25.8 + 0.2°C

MOLARITY DENSITY

OF V0,50, (g/cc) REFRACTIVE INDUX
0.0 0.9970 1.3320
0.4196 1.1295 1.3452
0.8455 1.2668 1.3583
1.2597 1.4002 1.3705
1.6755 1.5298 1.3844
2.0939 1.6610 1.3973
2.3249 1.7260 1.4024
2.5635 1.7994 1.4089
2.7244 1.8573 1.4145
2.8718 1.9076 1.4189
3.3309 2.0484 1.4312
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were obtained using both an Abbe and Concentrations were determined
a thermostated Bausch and Lomb re- gravimetrically by ignition at 900
fractometer. These data were averaged to 1000°C to U;0,. Concentrations
for a given solution. are accurate to 30.3%.

128



FOR PERIOD ENDING AUGUST 15, 1951

11. CORROSION

J. L. English, Leader

J. L. Olsen

S. H.

CORROSION OF TITANIUM

Stagnant corrosion tests using
various types of titanium metal have
been run :during the past quarter.
These tests were operated in stain-
less steel autoclaves which initially
received a pretreatment in either
1% HNO,; or 2% CrO,; for 24 hr at
250°C. The test medium was 0.17 ¥
U0,30,, and solutions were replaced
weekly when the samples were ex-
amined for corrosion damage. The
results of these investigations
appear below.

Ccorrosion of Rem-Cru Titanignm
Sheet and Plate. Two samples of
titanium metal obtained from Rem-
Cru Titanium, Inc. for corrosion
testing are described as follows:

Sheet:

Material designation RC 70; 1/8
in. thick; rolled and annealed;
carbon content 0.17%:; temnsile
strength, 94,000 psi; yield
strength, 86,000 psi; elongation,
22% in 2 1in.

Plate:
1/4 in. thick; high-purity ma-
terial produced by Kroll process;
low in carbon, oxygen, and nitro-
gen.

The samples were run for 8 weeks
in uranyl sulfate at 250°C and the
results are listed in Table 11.1:
Weight changes are cumulative.

»

J. Reed

Wheeler

TABLE 11.1

Corrosion of Rem~Cru Titanium
in 0.17 ¥ V0,80, at 250°C

CORROSION

EXPOSURE | TITANIUM SHEET 1TTANFUM PLATE

TIME (hr) | (mg/em?) | (mpy) | (mg/em®) | {apy)
168 | -0.058 0.26 -G.041 | 0.18
336 | -0.032 0.07 +0.007
504 -0.013 0.02 -0.020 | 6.03
672 -0.065 0.006| -~0.020 |0.02
840 -0.019 0.02 +0.041
1008 -0.039 0.03

Both samples were characterized
by a highly lustrous golden-vyellow
color. Corrosion attack was of
negligible magnitude as evidenced
by the data in Table 11,1. Although
the chemical analyses of the test
solutions are not complete, a pre-
liminary inspection showed that no
reduction of uranyl sulfate had
occurred. Little change in solution
pH between 1nitial and final values
was determined.

Corrosion of Welded Titaniumn
Tubing. Samples of 3/8- and 1/2-in.-
o.d. welded titanium tubing were
obtained from Rem-Cru for corrosion
The tubing was fabricated
by welding 1into a larger diameter
tube, grinding the outside of the
weld on a belt, and drawing to size.
The tubing was tested in an annealed

studies.
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TABLE 11.2

Corrosion of Welded Titaniuw Tubing in 0.17 M U0,80, at 250°C

Sample 1: 3/8-in. o.d.; not annealed; degreased before testing.
Sample 2: 3/8-in. o.d.; annealed; descaled.
Sample 3: 1/2-in. o.d.; annealed; degreased before testing.
CORROSION
EXPOSURE SAMPLE 1 SAMPLE 2 SAMPLE 3
TIME (hr) (mg/cm2) (mpy) (mg/cmz) (mpy) (mg/cmz) (mpy)
168 -0.19 0.86 -0.058 0.26 -0.079 0.35
336 -0.24 0.54 -0.051 0.11 -0.105 0.23
504 -0.29 0.43 -0.043 0.07 -0.095 0.14
672 -0.25 0.28 -0.101 0.11 -0.089 0.10
840 - -0.30 0.26 -0.072 0.07 -0.095 0.09
1008 -0.31 0.23 -0.101 0.07
condition (annealed at 1200°F) and in.-o.d. tubing samples showed no

in the as-fabricated condition. The
annealed tubing was descaled in a
molten salt bath. Corrosion results

are included in Table 11.2.

All samples showed the lustrous
golden-yellow color as found on
previous specimens., The difference
in corrosion behavior in Samples 1
and 2 may be due to a combination
of the annealing operation and the
removal of surface contaminants by
the molten salt bath descaling
operation. The corrosion attack
on the unannealed specimen was
three times than that on
the annealed and cleaned sample.

greater

The 1/2-in.-o0.d. welded tubing,
although possessing good corrosion
resistance, showed numerous small
fissures 1n the weld which
would be sufficient for re-
jection of the material. The 3/8-

zone
basis
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such signs of defective welding.

Corrosion of wWelded Titamium. A
sample of commercial sheet-titanium
which had been Heliarc-welded under
an 1nert atmosphere was obtained
from Wright Field. Thin strips of
titanium, cut from the same sheet,
were used for filler metal. Before
testing, the sample was etched for
15 min in a HNO,-HF solution at
60°C. It was then exposed for weekly
periods in 0.17 ¥ uranyl sulfate at
250°C, using a nitric acid-—pre-
treated stainless steel bomb. Test
data appear in Table 11.3 based on
cumulative weight loss.

The corrosion resistance of this
material was comparable to that of
the welded tubing, Sample 2,
Table 11.2. The major portion of
the surfaces were a dull yellow
color. The weld zone and adjacent

in
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TABLE 11.3

Corrosion of Welded Titanium sheet
in 0.17 ¥ U0,s0, at 250°C

FOR PERIOD ENDING AUGUST 15,

EXPOSURE WEIGHT LOSS CORROSION RATE
TIME (hr) {mg/ cm?) (mil/year)

168 0.073 0.33

336 0.073 0.16

504 0.073 6.11

672 0.044 0.11

840 ' 0.105 0.09

1008 0.098 0.07

heat-affected areas were of a darker
yellow color. The weld area was
smooth 1in appearance; no cracks or
localized corrosion attack were
found by microscopic examinatioh.
The sample will be sectioned and
examined further microscopically at
at the conclusion of the test.

TABLYE

1951

Chemical analyses of the uranvyl
sulfate test solution disclosed no
reduction in total uwranium content.
The titanium content of these solu-
tions averaged <l /ml.

Corrosion of Titanium Coupled to
iype 347 Stainless Steel, The gal-
vanic corrosion behavior of annealed
titanium sheet and titanium plate
with type 347 stainless steel was
investigated in 0.17 ¥ uranyl sulfate
at 100°C. The couple consisted of
a flat square of the titanium bolted
to a disk of stainless steel by
means of a type 347 stainless steel
bolt and nut. The couples were
removed weekly, dismantled, weighed,
and examined {for indications of
corrosion attack, Data appear 1in

Table 11.4.

No evidence of galvanic or crevice
corrosion was observed on any of the
specimens; all exhibited their
original high degree of metallic

1.4

Corrosion of Annealed Titanium—Type 347 Stainless Steel
Couples in 0.17 M 00,80, at 100°¢C

CUMULATIVE
EXPOSURE TEMPERATURE WEIGHT GAIN
TIME (hr) MATERTAL (> (mg/cm?)

168 Titanium {(sheet) 100 0.060
Type 347 stainless steel 0.074
336 Titanium (sheet) 100 0.042
Type 347 stainless ‘steel 0.035
168 Titanium {(plate) 250 0.110
Type 347 stainless steel 0.089
336 Titanium (plate) 250 0.082
Type 347 stainless steel 0.079
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luster. No reduction in total
uranium content was found by chemical
analyses. The couple tests will be
repeated at 250°C in uranyl sulfate
solutions.

Corrosion of Sintered Titanium.
Two samples of titanium produced by
powder metallurgy techniques were
obtained from the Brush Laboratories

in Cleveland, Ohio.

Sample 1:

Produced from average, 30 mesh,
Bureau of Mines titanium powder
containing 0.5% Mg before con-
solidation.

Sample 2:
Produced from Du Pont sponge of
very high purity.

It was very probable that a small
amount of 1mpurity segregations
existed in both of the compacts.

The samples were exposed to 0.17
M UO,80, at 250°C for 7 weeks with
weekly examination. Stainless steel
bombs, pretreated 1n nitric acid,
were used to contain the samples and
solutions at this temperature. Cor-
rosion data are listed in Table
11.5.

No significant variation in the
corrosion behavior of the twe speci-
mens was evident, although both did
show a slight corrosion attack as
the test time increased to 672 hr., A
period of weight gain followed on
both specimens. Both samples were
colored a brilliant golden yellow
at the end of the first week. This
color gradually changed to a deep,
lustrous golden brown as the testing
time increased.

TABLE 11.5

Corvosion of Sintered Titanium
in 8.17 ¥ UD,S0, at 250°C

CUMULATIVE
EXPOSUBE WEIGHT GAIN (mg/cm?)
TIME (hr) SAMPLE 1 SAMPLE 2
168 0.143 0.111
336 0.099 0.116
504 0.074 0.101
672 0.049 0.015
840 0.059 0.082
1008 0.123 0.155
1176 0.113 0.140

Uranium analyses available show
no reduction in concentration. The
titanium content 1in the uranyl
sulfate solutions was less than
1 v/ml throughout the test.

CORBOSION OF ZYIRCONIUM

Corrosion studies have continued
with zirconium-tin alloys and crystal
bar zirconium in uranyl sulfate
solutions at 250°C. No recent
samples of regular Bureau of Mines
zirconium have besen received; there-
fore, corrosion data on this type
are not included in this report.

Since previous studies disclosed
that the zirconium-tin alloys showed
superior corrosion resistance to the
regular Bureau of Mines metal in
uranyl sulfate at 250°C, the major
effort on the zirconium corrosion
investigation has been devoted to
a more intensive study of these
alloys.



Stagnant corrosion tests were
conducted in pretreated stainless
steel bombs containing 0.17 M uranyl
sulfate. The test samples were
examined weekly for general appear-
ance and weight change. The uranyl
sulfate solutions were replaced
weekly with new solution. The re-
sults of the corrosion studies on
zirconium appear in the following
sections.

Corrosion of Bureau of Mines
Resistance-Melted Zirconium-Tin
Alloys. Samples of Bureau of Mines
resistance-melted zirconium con~
taining 3 and 5% tin additions were
run for 15 weeks in uranyl sulfate
at 250°C. The samples were hot-
forged and rolled after melting.
Be fore exposing to uranyl sulfate,
the specimens were abraded on Nos.
80 and 120 grit papers and etched
for 3 to 5 min in 5% HF at room
temperature. Results of these tests
appear 1in Table 11.6.

A marked difference in the cor-
rosion behavior of these two alloys
is evident from an examination of
the corrosion data. The 3% tin
alloy exhibited a continnous weight
gain throughout the 16 weeks of
test. The 5% tin alloy, on the
other hand, showed a continuous
weight loss. The corrosion rate
on this specimen for the total time
of exposure was 0.05 mil penetra-
tion per year. Both samnples were
identical 1n appearance at the end
of the first week, and little change
occurred during the course of the
test. A dark brown iridescent film
covered both specimens; no dull
gray film formation was observed as
1s generally encountered on regular
Bureau of Mines specimens exposed
under similar conditions.

FOR PERIOD ENDING AUGUST 15,

1951

TABLE 11.6

Corrosion of BuMines Resistance-
Melted Zirconiuvm-Tin Alloys in
0.17 M vo,s0, at 250°C

CUMULATIVE

EXPOSURE WELIGHT CHANGE (mg/cm?)
TIME (weeks) 3% TIN ALLOY | 5% TIN ALLOY

1 +0.031 -0.017

+0. 052 +0.034

3 +0.062 +0.017

4 +0.072 -0.034

5 +0.103 -0.051

+0.134 -0.051

7 +0.113 -0.119

8 +0. 144 -0.119

9 +0. 124 -0. 170

10 +0, 134 -0.153

11 +0. 144 -0. 170

12 +0.175 -0.170

13 +0.196 -0.187

14 +0.206 -0.203

15 +0.155 -0.237

16 +0.206 J -0.254

Corrosion of Bureau of Mines
Induction-Melted Zircomium-Tin
Alloys. Three samples of induction-
me lted Bureau of Mines zirconium
containing a nominal addition of
5% tin were exposed to uranyl sulfate
at 250°C for periods of 10 to 16
weeks  (Table 11.7). A description
of the fabrication techniques used
for each specimen follows:

Sample 1:

Induction-melted Bureau of Mines
sponge (BMI 302); forged and
rolled at 1800°F; etched in 5%
HF before test exposure.
Sample 2:

Same as Sample 1; uranyl sulfate
corrosion test operated with uo
solution change.
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Sample 3:
MIT i1nduction-melted Bureau of
Mines sponge; hot forged; polished
and etched in 5% HF before test
exposure.

TABLE 11.7

corrosion of Induction-Melted
Zirconium Countaining 5% Tin
in 0,17 M Uranyl Sulfate
Solution at 250°C

CUMULATIVE WEIGHT CHANGE
EXPOSURE (mg/ cn? )
TIME (weeks) | SAMPLE 1 | SAMPLE 2 | SAMPLE 3
1 -0.044 -0.015 -0.021
2 0.0 -0.015 +0.021
3 -0.033 -0.015 10,062
4 -0.022 -0.030 +0. 144
5 -0.022 -0.015 +0.103
6 -0.044 +0.206
7 -0.033 ~6.030 +0,062
8 -0.022 -0.015 +6.,082
9 -0.022 -0.015 +0.062
10 +0,011 -0.015 +0.062
11 0.0 +0.082
12 -0.011 +0.082
13 0.0 +0.062
14 +0.062
15 +0,021
16 +0.041

The corrosion behavior of all
three test specimens was excellent
under the conditions of the test.
The corrosion rate on Sample 2, the
only specimen which showed a measured
weight loss, was 0.005 mil penetra-
tion per year after 10 weeks at
250°C. This figure was_ obtained
using the original uranyl sulfate
test solution throughout the entire
10 weeks. The specimen did not lose
any weight after the eighth week of

test. Sample 1 showed no measured
weight change after 13 weeks; 1i.e.,
the cumulative weight changes to-
taled zero at the end of this time.
Sample 3 was characterized by a
welght gain during 16 weeks of ex-
posure. The maximum gain reported
was 0.206 mg/cm? at the end of 6
weeks. However, some corrosion
attack or dissolution of surface
films occurred later since the
cumulative weilight gain at the end
of 16 weeks had decreased to 0.041
mg/cm?. The corrosion resistance
of these materials was superior to
that shown by the resistance-melted
Bureau of Mines zirconium described
in the preceding section. Where
measured weight losses were reported,
the corrosion resistance of induc-
tion-melted zirconium contalning
5% tin was 10 times better than
that of resistance-melted Bureau of
Mines zirconium containing 5% tin
addition. The physical appearance
of the induction-melted specimens
at the end of the tests was similar
to that of the resistance-melted
specimens 1n that dark brown iri-
descent films were found on the
samples.

corrosion of Arc-Melted Crystal
Bar Zirconium Contajning 3% Tin, A
sample of arc-melted crystal bar
zirconium containing a nominal ad-
dition of 5% tin was tested 1in
uranyl sulfate at 250°C for 12
weeks. This material was forged
and rolled at 1450°F after melting
and was 1dentified as BM{ 927. The
sample was etched in 5% HF before
test exposure, Corrosion data are

listed in Table 11.8.

The corrosion rate on this sample
was less than 0.001 mil/year at the
end of 12 weeks.

The sample was



covered with a very thin film which
was lustrous and brown in color.

TABLE 11.8

corrosion of Arc-Melted Crystal Bar
Zirconium Containing 5% Tin in
0.17 M V0,80, at 250°C

FOR PERIOD ENDING AUGUST 15, 1951

TABLE 11.9

Corrosionof Extruded Zirconium Tubing
Containing 5% Tin in 6,317 M
Uranyl suliate at 250°C

CUMULATIVE
EXPOSURE WEIGHT CHANGE
TIME (weeks) : (mg/cmz)

1 -0.039
2 6.0

3 -0.039
4 -0.023
5 -0.023
6 -0.031
7 +0, 047
8 -0.016
9 0.0

10 -0.016
11 0.0

12 -0.008

Corrosion of Bureaw of Mines
Zirconium Tubing Containing 5% Tin,
Samples of the first Bureau of Mines
zirconium tubing containing 5% tin
were obtained from MIT. This ma-
terial had proved very difficult to
work, and the first product was
considered far from being satis-
factory. Higher quality tubing 1is
now being produced.
of the tubing was as follows: The
cast billet was clad in copper and
extruded into a tube 0.650 in.
o.d.; the tube was cold drawn to its
present diameter, 0.480 in. o.d,
and 0.376 in. 1i.d.; 1t was then
heated to 1200°F for straightening,
Corrosion data in uranyl sulfate at
250°C appear in Table 11.9. BSample
1 was degreased only before exposure
while Sample 2 was etched for 3 min
in 5% HF before testing.

The fabrication

CUMULATIVE
EXPOSURE WELGHT LOSS (mg/cm?)
TIME (weeks) SAMPLE 1 SAMPLE 2
1 3.54 2.01
2 4. 14 2.82
3 4.22 3.32
4 4.35 3.60
5 4.33 3.80
6 4.33 4,15
7 4,35 4. 64

Both samples were dull gray in
color with numerous dark spots at
the end of the tests. A slight
initial enhancement of the corrosion
resistance appeared as a result of
the etching operation. However,
continued testing resulted in greater
corrosion attack than obtained on
the wnetched spscimen. The cor-
rosion rates for Sample 1 and Sample
2 were 2.0 and 2.1 mils/year, re-
spectively. ‘

Corrosion of (Crystal Bar Zirco-
nium. A sample of Foote Mineral Co.
crystal bar zirconium, Grade 1, was
tested in uranyl sulfate at 250°C
for 7 weeks. The bars had been
cleaned initially and corrosion-
tested in 60D°F water for 2 weeks.
The specimen showed & cumulative
weight gain of 0.283 mg/em? after
the T-week test period. After the
first week, the sample had a highly
lustrous surface which was bril-
liantly e¢olored with grees and
violet interference tints. This
appearance remainedunchanged through-
out the test period.
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URANYL FLUORIDE STABILTTY AND
CORROSION STUDIES

Solution Stability of Uraayl
Fluoride gontained in Untreated Type
347 Stainiess Steel Bembs. A group
of tests with 0.13 and
1.26 M UO,F, contained in untreated
type 347 stainless steel bombs
which remained closed for periods
of 24 to 168 hr. The object of
these tests was to determine solution
stabilivcy
a function of temperature and ex-

was run

in untreated systems as

posure time. The UO,F, solutions
were placed in chemically cleaned
bombs and heated in ovens to the

desired temperature.

0.13
liter)
untreated

In one series of 12 tests,
M UO,F, (30 g of uranium
was heated at 150°C 1in

per

at each 24-hr interval during the
first 96 hr of exposure. The other
etght bombs opened after a
total of 163 hr of continued ex-
The UO,F, was partially
reduced in all the bombs exposed
for more than 48 hr with the ex-
ception of one bomb exposed for
163 hr. In imost of the tests, a
decrease in pH occurred when the
fluoride was reduced. Although the
the dissolved
nickel content gemerally 1increased
with length of exposure. These
data are given in Table 11.10.

were

posure.

data are erratic,

Three tests of 376 hr duration

were

run at 150,

200,

and 250°C

using 0.13 M UO,F, contained 1in
untreated bombs which were opened

after 4

7

and

208 hr of

exposure.

bombs. One of the bombs was opened The bombs were opened for solution
TABLE 11,10
Solution Stability pata for 0,13 ¥ U0,¥, Exvosed at 150°C im
Untreated Type 347 Stainless Steel Bombs

EXPOSURE TOTAL URANTUM SOLUTION ANALYSES ()/ml})

TIME (hr) (g/liter)(®) NICKEL IRON CHROMIUM |  ph(®) SOLUTION APPEARANCE
24 29.6 28 3.70 Clear and yellow
48 30.4 6 3.35 Clear and yellow
72 24.8 14 3.70 Green-black precipitate
96 27.6 15 4 3.25 Green-black precipitate
163 21.1 78 106 19 2.85 Green-~black precipitate
163 27.1 34 60 20 3.05 Green-black precipitate
163 21.8 51 115 26 2.80 Green-black precipitate
163 28. 4 76 16 1 3.38 Green-black precipitate
163 22.7 24 117 2.80 Green-black precipitate
163 26.7 57 11 3.25 Clear and yellow
163 24.6 26 109 20 2.80 Green-black precipitate
163 : 21.6 64 125 29 2.70 Green-black precipitate

— | - . -

(a)lnitial uranium concentration, 29.4 g/liter.

(b)

Natural pH, 3.35
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sampling., No uranium precipitation
occurred during the first 47 hr of
exposure. During the two subsequent
continuous exposure periods of 161
and 163 hr, no uranium precipitation
occurred. This is contrary to the
results obtained in untreated bombs
exposed at 150°C for an initial
period of 163 hr without opening.
Possibly the oxygen introduced
during the initial sampling period
prevented uranium reduction. The
dissolved nickel content was gener-
ally lower than in the tests run
continuously for an initial period
of 163 hr. lLess than 1 »/ml of
iron and chromium were present in
the solutions. These data are given

in Table 11.11.

Three tests of 168 hr duratidn
were run at 150, 200, and 250°C

TABLE

Solution Stability Data for 0.13 M vo,r

FOR PERIOD ENDING AUGUST 15, 1951

using 1.26 ¥ UO,F, contained in un-
treated bombs. Partial uranium
reduction occurred at all three
temperatures. Solution analyses
for these tests are as follows:

TEMP. TOTAL U U(Iv) Ni FINAL
(°c) {g/liter) (Y/ml) (¥/ml) © pH
150 252.4 358 218 2.95
200 181.0 580 195 2.10
250 237. 4 666 1339 1,98

The initial uranium concentration
was 302.0 g/liter; the initial pH
was 2.25.

An effort is being made to identify
the precipitated compounds which
occur when the uranyl fluoride is
reduced. The following chemical
analyses have been obtained for

11.11

2 Exposed in

Untreated Type 347 Stainless Stesl Bombs

CUMULATIVE EXPOSURE | TEMPERATURE | TOTAL URANIUM SOLUTION ANALYSES (y/ml)

TIME (hr) e (g/liter)(®) | NICKEL | TRON | CHROMIUM ph(b)
47 150 29.7 9 1 1 3.45

208 150 30.9 35 1 1 3.52
376 150 29. 3 18 1 1 3.55

47 200 29.2 3 1 1 3.30

208 200 29.0 7 1 1 2.95
376 200 28.2 13 1 1 3.00

a7 -~ 250 288 17 1 1 3.30

208 250 29. 1 13 1 1 2.30
376 © 250 31.1 27 1 1 3.35

(a)Initial uranium concentration, 29.4 g/liter.

(®)Natural ph, 3.35.
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precipitates formed under various
conditions:

ATOMIC
U F RATIO,
TEST CONDITIONS (%) (%) U/F

150°C, untreated bomb 68.3 5.61 1.03

150°C, CrO,-pretreated 69.1 6.13 1.11
bomb

200°C, untreated bomb  68.9  §.52 1.00

200°C, CrOy—pretreated 69.8 5,94  1.06
bomb

950°C, untreated bomb 72.2  8.63 1. 50

X-ray-diffraction patterns are being
obtained for these precipitates 1in
a further effort to completely
identify them.

Effect of Preireatment Films on
Solution Stability.
to determine if pretreatment films

Tests were run

formed on stainless steel at elevated
temperatures were effective 1in
inhibiting corrosion and uranium
reduction. The pretreatment films
were formed on the steel by heating
the metal surfaces for 24 hr at
250°C in 1% by weight of HNO, or
2% by weight of CrO;.

No detectable uranium reduction
occurred in 0.13 ¥ UO,F, contained
in three HNO,-pretreated bombs after
168 hr of continuous exposure at
temperatures of 150, 200, and 250°C.
The solution analyses for these
tests are as follows:

TEMP.  TOTAL U Ni Fe Cr
(°C)  (g/liter) (Y/ml} (Y/al) (Y/ml)  pH

150 29.4 2 10 1 2.80
200 29.5 1 1 1 3.20
250 28.1 8 1 1 2.95

The initial uranium concentration
was 29.4 g/liter; the initial pH
was 3.35. Two other HNO -pretreated
bombs containing samples of untreated
type 347 stainless steel and Illiaum
R have shown no uranium reduction
after one month of continuous ex-
posure under similar conditions.

Partial uranium reduction occurred
in most of the tests at 150°C using
1.26 M UO,F, contained in bombs
pretreated by either 1% HNO; or 2%
CrO,;. The exposure period varied
from 24 to 167 hr. The pH of the
solutions was erratic, but was
usually higher than the initial
value of 2.25. The soluble nickel
content was usually high in solutions
where precipitation occurred, reaching
a maximum of 201 ¥/ml in a HNO,-
pretreated bomb after 167 hr of
exposure. These data are given 1in

Tables 11.12 and 11.13.

No detectable uranium reduction
occurred in three tests of 96 hr
duration at 200°C using 1.26 M UO,F,
contained in 2% CrO,-pretreated bombs.
The solutions were clear and yellow
with no evidence of precipitation.
The pH of the solution in one of
tests 1increcased from 2.25 to 2.30,
while in the other two tests no
change in pH occurred. The solution
analyses for these tests are as
follows:

TOTAL U U(rIv) N1 Fe Cr

(g/liter) (¥/ml) (¥/ml) (¥/ml) ()/ml) pH
302.9 207 72 31 16 2.30
303.6 466 38 36 16 2.25
302.5 338 74 18 35 2.25

The initial uraniuwm concentration

was 302.0 g/liter.



FOR PERIOD ENDING AUGUST 15, 1951

TABLE 11.12

Selution Stability Data for 1.26 M UO,F, Exposed at 150°C in
HNO, -Pretreated Type 347 Stainless Steel Bombs

EXPOSURE TOTAL URANTUM | SOLUTION ANALYSES (¥/ml)

TIME (hr) (g/liter)(® URANTUM(TV) NICKEL pucH SOLUTION APPEARANCE
24 302.0 1665 127 2.92 Green
a8 295.6 1069 115 3.00 Green-black precipitate
72 287.6 974 168 2.45 Clear and yellow
96 266.0 1171 176 2.55 ireen-black precipitate
96 297.1 1473 .. 115 2,65 | Green-black precipitate
96 301.1 267 114 2.80 Green-black precipitate
96 299.17 1196 101 2.85 Green-black precipitate
96 295.5 297 22 2. 40 Green-black precipitate
167 266.0 201 2.85 Green-black precipitate

(%) fpitial uranium concentration, 302.0 g/liter.

(®)Natural pH, 2.25

A group of 15 tests was run at
250°C using 1.26 M UO,F, contained
in HNO,- and CrOj;-pretreated bombs.
One bomb pretreated by each method
was opened every 24 hr for the first
72 hr of exposure; then the re-
maining 9 bombs were opened after
96 hr of continuous exposure. No
detectable wranium reduction oc-
curred in any of the tests except
in one test of 24 hr duration run
in a HNO,-pretreated bomb. The
dissolved nickel content of this
precipitated solution was 439 ¥/ml,
while in the other tests where no
precipitation occurred the maximum
nickel content was 88 ¥/ml in the
solution exposed for 72 hr in a
HNO, -pretreated bomb. Precipitation
of this solution may have been
caused by a faulty pretreatment
film. The pH of the solutions, in

most cases, was eqgual to or slightly
greater than the i1nitial value of
2.25. The solution analyses data
for these tests are given in Tables
11.14 and 11.15. The accuracy of
the analytical method used for
determining uranium concentration
is now *1%; however, it has been
shown that this accuracy was not
attained for some of the analyses
run during the first part of this
quarter. This may account for some
of the erratic results given 1n the
above~mentioned tables.

Specimens of CrO,-pretreated
types 309, 316 ELC, 321, and 347
stainless steels were exposed at
250°C to 1.26 M UO,F, contained in
CrO,-pretreated bombs. The purpose
of these tests was to obtain cor-
rosion rates for the stainless
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TABLE 11.13

solution Stability pata for 1.26 M UO,F, Exposed at 150°C in
Cr03-Pretreated Type 347 Stainless Steel Bombs

R .
EXPOSURE TOTAL URANIUM | SOLUTION ANALYSES (y/ml)
TIME (hr) (g/liter)(®) URANIUM(IV) NICKEL pH(®? SOLUTION APPFEARANCE
24 316.5 228 5 2.35 Clear and yellow
48 302.0 1058 64 2.90 Green-~black precipitate
72 303.5 419 4 1.39 Green-black precipitate
96 291.7 1665 80 2.70 Green-black precipitate
96 281.2 1517 110 . 2.81 Green-black precipitate
96 291.2 1141 119 2.60 Green-black precipitate
122 294.0 275 2.95 Green-black precipitate
122 279.0 253 2.91 Green-black precipitate
122 291.0 173 2.95 Green-black precipitate
___"f%EAA_NMVLA_WNN??E;f1, ------ L B 167 A 2.8?\ Green-black precipitate
{®7fnjtial uranium concentration, 302.0 g liter.
(B)Natural pH, 2.25
TABLE 11.14

Solution Stability oata for 1.26 M U0O,F, Exposed at 250°C in
HNO, -Pretreated Type 347 Stainless Steel Bombs

EXPOSURE | TOTAL URANIUM SOLUTION ANALYSES ‘V/ml)gu_w

TIME (hr) (g/liter) URANIUM(IV) |NICKEL |TRON | CHROMIUM | pH SOLUTION APPEARANCE
24 ‘ 285.9 439 48 105 2,20 |Green-black precipitate
48 ‘ 301.6 257 7 13 3 2,25 |Clear and yellow
72 1 296.9 678 88 | 92 7 2.00 |Clear and yellow
96 304.0 508 ‘ 19 7 5 2.30 |Clear and yellow
96 i 302.5 619 25 8 2.25 |Clear and yellow
96 295.6 260 59 | 9 22 2.28 (Clear and yellow
96 ‘ 301.1 285 42 7 20 2.28 |Clear and yellow
96 | 302.6 36 16 4 5 | 2.25 Efear and yellow

......... - S SV S . . -




FOR PERIOD ENDING AUGUST 15, 1951

TABLE 11, i5

Solution Stability pata for 1.26 M UO,F, Exposed at 250°C in

Cro,-Pretreated Type 347 Stainless Steel Bombs

EXPOSURE | TOTAL URANIUM SOLUTION ANALYSES (y/ml)

TIME (br) {(g/liter) URANIUM(IV) |NICKEL | IRON | CHROMIUM pH SOLUTION APPEARANCE
24 300.2 ‘ 3 4 5 2.35 Clear and yellow
48 305. 4 365 14 5 1 2. 10 Clear and yellow
72 301.9 284 18 19 10 2.30 Clear and yellow
96 305.2 417 21 29 ) 2.30 Clear and vyellow
96 305.5 580 25 15 7 2.50 Clear and yellow
96 304.1 239 51 16 8 2.50 Clear and yellow
96 303.6 417 9 16 8 2.25 Clear and yellow

steels as well as additional solu- cases, occurred at 250°C. Further-

tion stability data. The solutions
in the bombs were changed weekly at
which time the specimens were in-
spected and weighed. No evidence
of solution reduction occurred an
these tests after a total exposure
time of 21 days. The dark lustrous
pretreatment films remained intact
on all of the specimens. Corrosion
rates, based on three weeks of ex-
posure, were 0.0112, 0.0048, 0.0108,
and 0.0349 mil/month for the types
309, 316, 321, and 347 stainless
steel specimens, respectively.
These data are given in Table 11.16.

At this time no explanation can
be given to account for the anomalous
phenomenon of uranium reduction
occurring in 1.26 M UO,F, exposed
at 150°C in pretreated systems,
whereas no precipitation, in most

more, no precipitation, occurred
at 150°C using 0.13 M UO,F, contained
in pretreated systems. In order to
study solution stabilivy 1in pre-
treated systems where fewer vari-
ables are involved, larger bombs
of 1500-ml capacity are now being
fabricated with provisions for
sampling test. media at elevated
temperatures. By varying the tem-
perature from 100 to 250°C, ac-
companied by solution sampling, 1t
can be established whether the
uranium reduction is actually a
function of temperature, concen-
tration, or perhaps other as yet
undetermined vartitables. The limited
number of tests whiech have been .run
where many uncontrollable variables
ex1st may not give a true indication
of the solution stability with
respect to temperature and uranium
concentration.
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TABLE 11.16

Corrosion Data for CrOs-Pretreated Type 347 Stainless Steels

Exposed to 1,28 M Uranyl Fluoride at 250°C

CUMCLATI VE CORROSION TOTAL SOLUTION
EXPOSURE TIME | WEIGHT CHANGE RATE URANTUM | ANALYSES (%/ml)
MATERI AL (days) {mg/dn?/month) |(mils/month) |(g/liter)(®>| u(1v) | Ni|Felcr | p(®
309 SS 7 0.0 0.0 302.9 215 | 7l2sl11 | 2.1
309 SS 14 -3.26 0.0016 301.9 356 | 3| 6|0 | 2.3
309 SS 21 -22.60 0.0112 297.5 207 | 9|13 2.3
316 SS 7 +1.81 302.3 195 | 23l12]|12 | 2.1
316 SS 14 -0.90 0.0010 302.2 261 | 16(11 4 | 2.3
316 SS 21 -6.32 0.0048 302.7 408 | 16|16 2.4
321 SS 7 21,47 0.0032 303.0 747 | 6l23l11 | 2.2
321 SS 14 6. 40 0.0070 301.9 264 | 12|10 2.3
321 S 21 -14. 30 0.0108 302. 4 381 | 14|16 2.4
347 SS 7 +4.65 303.8 282 | 25(18(13 | 2.2
347 SS 14 -10. 40 0.0052 301.9 318 |12 7| 2 | 2.3
347 SS 21 -70. 50 0.0349 304. 5 371 | 2316 2.4

(D1nitial uranium concentration, 302.0 g/liter.

(b)Natural pH, 2.25.
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12. RADIATION DAMAGE

H. F. McDutfie, Leader

J. W. Boyle

S. F. Clark

J. A. Ghormley

T. H. Handley
T. J.

Specific and Net Gas Production in
Homogeneous Reactor Systems. With
the recent addition of four persons
to the group of two already engaged
in this problem, it 1s planned that
during the next two quarters rather
complete and fundamental information
will be obtained with reference to
the radiation chemistry of aqueous
uranyl sulfave, uranyl flueride,
uranyl nitrate, and other proposed
HRP solutions. Initial yields of
decomposition products will be de-
termined for pile-irradiatedsolutions
containing 40 to 300 g of uranium
per liter at several different enrich-
ments. Irradiations will be made at
temperatures from 100 to 250°C.

The previous studies on uranyl
sulfate at 40 g of uranium per liter
and 93% enrichment have been extended
to higher concentrations (300 g of
uranium per liter) and lower enrich-
ment (0.7%) using ampoules and stain-
less steel bombs. In short-term ir-
radiations using ampoules some pro-
duction of acid gas has been noted,
with the accompanying absence of
oxygen. This gas has been identified
as a mixture of CO, and acetone; the
CO, presumably arises from the oxi-
dative decomposition of acetone re-
maining from one of the steps in the
purification of the uranyl sulfate.
Considerable difficulty has been en-
countered in obtaining pure uranyl
sulfate from the usual channels of

C. J. Hochanadel
W. F. Kieffer

M.
A. W. Smith

Sworskl

D. Silverman

supply, but it 1s understood that
other groups have made progress to-
ward improving this situation. When
longer ‘irradiations of the concen-
trated uranyl sulfate were carried
out in stainless steel bombs, the
maintenance of considerable pressure
in excess of steam pressure and a
reduction of this pressure in the
absence of neutrons (obviously from
recombination) provided good evidence
that both hydrogen and oxygen were
being formed, 1.e., the main course
of the decomposition was not in the
direction of hydrogen plus acid gas.
This sxtuation will, of course, be
clarified as further work provides
more data. ‘

A prelimivary study has been made
of the formation of 80, from gamma-
irradiated sulfuric acid and uranyl
sulfate solutions.” The technique
involved sweeping a solution with
helium gas during irradiation, bub-
bling the gas through dilute ceric
sulfate solution, and estimating the
50, formed by measuring the change
in transmission of the ceric sulfate
solution at 3200 or 3800 A. 30, was
produced in 95% H,S0, and 11 ¥ H,S50,,
but none was detected from 0.4#H,S0,
or 1.24 4 UO,S0, solutions.

From ampoule irradiations it ap-
pears that uranyl nitrate will be
decomposed by attack on the nitrate
ion. ‘
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The vranyl fluoride solutions
under irradiation at high concentra-
tions and low enrichment 1n ampoules
and stainless steel bombs behave much
like the above-mentioned uranyl sul-
fate solutions containing 300 g of
uranium per liter.

Survey of the Stability of HRP
Systems. OQut-of-pile ampoule cor-
rosion tests to determine the effects
of numerous variables on the corro-
sion resistance of type 347 stain-
less steel in uranyl sulfate systems
have been summarized in the previous
homogeneous reactor guarterly re-
pore. (1) This report 1s concerned
with an examination of the behavior
of titanium and zirconium in addition
to pretreated type 347 stainless steel
in concentrated solutions (300 g of
uranium per liter) of uranyl sulfate,
uranyl nitrate, and uranyl fluoride.

The experimental techniques and
procedures which have been previously
described({'? consist of sealing a
small volume of solution along with
a short length of metal rod inside a
silica ampoule and then heating the
ampoule to 250°C for various periods
of time. The onset of corrosion can
frequently be observed visually with-
out interrupting the course of the
experiment. The concentration and
pH of the tests solutions are listed
in Table 12.1. The data and results
are summarized in Table 12.2. The
two main criteria previously used to
determine whether a test rumn was
successful have again been employed:
(1) the appearance of the test speci-
men under the microscope, and (2) the
condition of the solution at the end

(1)« Effect of Variables on Corrosion: Series
I1,” Homogeneous Reactor Project Quarterly
Progress Report for Period Ending May 15, 1951,
ORNL- 1057, p. 61 (Oct. 10, 1951).

TABLE 12.1

Possible HRP Fuel Solutions

URANIUM
CONCEN'TRATION
SOLUTION (mg/ml) pH
10, S0, 307 1.95
U0, (N0, ), 318 1.03
UO,F, 289 2.38

of the test (uranium concentration,
pH, analyses for metal ions, ete).
The results of these experiments are
interpreted below.

Uranyl Sulfate. Titanium appears
much more resistant than zirconium
or pretreated stainless steel, both
in the presence and absence of air.
No microscopically evident change 1in
the titanium surface was noted at the
end of the runs.
heavy layer of white oxide and, in
degassed solutions, a heavy black
crystalline layer of U308. Further-
more, with the passage of time (and
alir present in the samples) this
white layer of zirconium oxide 1is
flaked off and settles as a precipi-
tate.

Zivrconium forms a

Uranyl Nitrate. Titanium appears
much more resistant than zirconium or
pretreated stainless steel, both in
the presence and absence of air. No
microscopically evident change in the
titanium surface was noted at the end
of the runs except for a very fine
iridescent oxide layer on the surface
of the metal. Both nitrate- and
chromate-treated stainless steels were
attacked with leaching of the nickel
and chromium. This may possibly be
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TABLE 12.2

Survey of the Stability of HRP Fuel-Metal Combinations

(Unless otherwise noted, all samples were heated for 160 hr at 250°C.)

SOLUTION METAL PRETREATMENT | OXYGEN REMARKS
00,50, Zirconium None ‘Alr White oxide layer on metal; becomes flaky
and deposits precipitate.

None Degassed | Black U3O8 layer containing 60% uranium
precipitated from solution over white
oxide layer,

Titanium None Air Samples and solution excelient.

uo, (Noy ), Zirconium None Air Fine layer of oxide present on metal,
Degassed | Fine layer of oxide present; white pre-
cipitate deposit.

Ticanium None Air Samples and solution excellent; very thin
iridescent layer on surface, probably
oxide.

Stainless steel Chromate Arr Samples have peeled flaky oxide layer;
800 ppw chromium in solution.

Degassed | ~250 ppm chromiuwm, 30 ppm nickel in
) solution; iron present as solid oxide.

Stainless steel Nitrate Air Solution and samples look good; 50 ppm

nickel in solution.
Degassed | 300 ppm nickel, 50 ppm chromium in
solution; iron present in solid state.
Uo, £, Zirconium None Air Samples blew up; gas evolved and pre-
Degassed| cipitates formed even on standing at
room temperature

Titanium None Air ~20 ppm titanium in solution; black layer

dissolved in HND, gave 1D mg uranium,
Degassed | 45 to 170 ppm vitanium in splution.

Stainless steel Chromate Air Samples good; traces of black solid in
solution; 20 to 60 ppm nickel, 30 ppm
chromium in solution; iron present as
solid oxide,

Degassed | 150 ppm nickel in solution; heavy oxide
layer on samples.

Stainless steel Nitrate Air Large amounts of black solid, U308 and

Degassed Fezoj; 300 to 700 ppm nickel in solution;

20% uranium pracipitates.
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due to the higher acidity of the
nitrate as compared to the sulfate
solution.

Uranyl Fluoride. Zirconium is un-
stable even at room temperature. The
titanium surface appeared good after
the test, though a fine layer of
U;04 was found as an overlay. Some
titanium (45 to 170 ppm) was found
in solution 1in the degassed samples.
Nitrate-pretreated stainless steel
does not stand up well, large amounts
of nickel being leached out into the
solution (250 to 770 ppm), along with
the formation of considerable amounts

of black solid

Chromate-pretreated stain-

(iron and uranium
oxides).
less steel showed less attack on the

nickel (18 to 190 ppm in solution).

Hydrolysis of Iron, Chromium, and
Nickel Salts in Uranyl Sulfate Solu-
tions. The purpose of this series
of experiments was to determine
whether analyses for nickel could be
used as an 1indication of the amount
of corrosion occurring in test loop
solutions.

Definite quantities of iron, chro-
mium, and nickel salts [Fez(SO4)3
- (NH,),80,-2414,0, Cr,(SO,), K,SO,
*24H,0, and NiSO4’6HQO] were intro-
duced 1nto guartz tubes containing
uranyl sulfate solution [307 g of
uranium per liter, pH 1.95],
tubes were scaled and heated for 60
hr at 250°C. Upon completion of the
run the tubes were opened, and the
solutions were centrifuged and analyzed
for iron, chromium, and nickel; wher-
ever visible, precipitates were washed
free of the original solution, fused
with sodium bisulfate, dissolved in
hydrochloric acid, and analyzed for
the appropriate species.

These

The data and results are listed
in Table 12.3. From these, the fol-

lowing conclusions are evident:

1. Nickel remains in solution at
this concentration and pH, even
when 1ron and chromium, present
in the solution at the start,
hydrolyze and precipitate al-
most completely.

2. Chromium largely remains 1in
solution unless iron 1s also
present; in the latter case 1t
is almost completely precipi-
tated, probably indicating ad-
sorption or occlusion of struc-
turally similar chromium oxide
with 1iron oxide.

3. Precipitation of 1iron from
these solutions, regardless of
the presence of chromium and
nickel, i1s practically complete.

Hvdrogenation of Uranyl Sulfate
Solutions. The successful restora-
tion of a uranyl sulfate solution by
treatment of a slurry of reduced
uranium oxide 1in a water-white solu-
tion of low pH with oxygen pressure
at high temperature (reported else-
where, p. 51) led to an investigation
of the reaction of hydrogen with
uranyl solutions. It was found that
Gall and Manchot(?) had reported the
catalytic reduction of uranyl sulfate
by hydrogen using platinum black as
the catalyst. The reduction appeared
to go smoothly to the tetravalent
state. Ipatiew and Muromtzew(?)
reported the noncatalytic reduction

(DY, Gall and W. Manchot, ‘‘ Katalytische
Hydrierung anorganischer Substanzen,’ Ber. 58,

482 (1925).

] (3)y. Ipatiew and B. Muromtzew, *‘ Die
Einwirkung des Wasserstoffs auf Metalinitrate,”

Ber. 63, p. 160, esp. p. 164 (1930).



Hydraolysis of fronm,

TABLE 12.3

Chromium,

FOR PERIOD ENDING AUGUST 15,

and Nickel Salts in
Uranyl Sulfate Solation

1951

CONCENTRATION IN CONCENTRATION IN CONCENTRATION IN
INITIAL SOLUTION (ppm) FINAL SOLUTION (ppm) PRECIPITATE (ppm) (%
IRON CHROMIUM NICKEL | IRON CHROMTUM NICKEL | IRON CHROMIUM NICKEL
4500 1150 500 30 60 540 4300 1000 <2
4500 1150 500 40 75 480 5060 875 <2
4500 540 70 540 4190 <2
4500 540 70 550 4560 <2
980 450 670 460 159 <2
980 450 660 440 269 <2
475 450 <2
475 440 <2
()

ppmn referred to original solution.

of uranyl nitrate using a gold-lined
bomb and 50 to 80 atwm of hydrogen,
measured at room temperature. At
300°C the reaction gave pure crystal-
line U0y -H,0, and the product con-
tained no nitrogen. At higher tem-
peratures and with longer time of
contact they were able to obtain
U;05 or mixtures of this compound
with UO;. Eventually they were able
to reduce the uranium to UO,. The
significance of the first product to
the homogeneous reactor program might
be that the hydrogen, normally present
in a reactor, can reduce the nitrate
ion without reducing the uranium.
Moreover, even in a uranyl sulfate
solution the uranyl ion appears to
be easily reduced (a fact known from
solution stability studies). Gillies,
reporting work of the SAM laboratories

in MDDC-647,*) discusses the ability
of hydrogen and oxygen to reduce or

oxidize slurries of U,0, at tempera-
tures of 100 to 300°C.

During the past quarter explora-
Lory experiments have been carried
out, under noncatalytic conditions
using solutions in silica liners,
which have shown conclusively that at
temperatures of 250 to Z90°C hydrogen
alone can react with uranyl sulfate
solutions to produce insoloble black
oxides aloung with a drop in the pH of
the solutions.

Hp. M. Gillies, Some Studies of the Reaction
of Uranium with Hydrogen, Oxygen, and Water,
MDDC-647 (June, 1946)
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At the present time an effort 1s
under way to establish the kinetics
of this reaction with hydrogen 1n
order to facilitate 1interpretation
of the high-pressure recombination
studies and because of i1ts obvious
relationship to the stability of the
reactor solution. The effect of
various hydrogen-oxygen mixtures
(particularly 2:1) will also be
studied using noncatalytic (silica
tube) conditions in order to ascer-
tain the relative rates of the ox1i-
dation and reduction reactions and
to establish the percentage of uranium
in the reduced state at "equilibrium."
From in-pile radiation experiments
using stainless steel bombs it appears
thar this "egquilibrium" 1s at or very
near the hexavalent state since our
recoveries of uranium in solution have
been excellent. IHowever, the dy-
namics of this balance point and the
influence upon it of added catalytic
materials are considered of great
interest to the successful operation
of the reactor.

Recombination of Hydrogen sad Oxy-
gen at High Pressures. In the pre-
vious quarterly(®) it was indicated
that out-of-pile studies of the re-
combination of hydrogen and oxygen
might be initiated because of the
significance of this reaction in con-
nection with the 1nterpretation of
in-pile pressure-temperature data.
A thorough.search of the literature
preceding actual experimental work
failed to disclose any references
really pertinent to the problem but
provided a good gencral background
for the study of the hydrogen-oxygen
reaction. Apparatus was designed and
constructed for the generation of

72

(5>n Projected Work for the Next Quarter,
ORNL- 1057 op. cit., p. 17.

high pressures of electrolytic gas,
and this apparatus, together with
sultable furnaces, pressure recorders,
etc. has now been installed and tested
behind the high-pressure barricade.
Detailed experimentation will be
carried out during the next quarter
with particular study on the following
questions:

1. What 1s the source of the tem-
perature effect upon the re-
combination reaction? In our
bombs under irradiation 1t 1is
known that raising the tempera-
ture causes a lowering of the
residual pressure. This could
be due to an effect upon the
gas-phase reaction, a liquid-
phase reaction, a catalytic
reaction with the walls of the
stainless steel bomb, or a re-
action with the uranyl ion.
Ascertaining which of these 1is
the controlling reaction is the
main object of the study.

2. Do changes in uranium concen-
tration or changes {rom uranyl
sulfate to uranyl fluoride or
phosphate affect the reaction?

3. Can good kinetic studies of
this reaction be carried out
which might be helpful in pre-
dicting net gas production under
a variety of unexplored reactor
conditions?

4. Is the uranium maintained 1n
the hexavalent state under
conditions of the recombination
reaction? The answer to this
question may explain the pres-
sure "hump'" sometimes obtained
under irradiation.



5. Are metals other than stainless
steel satisfactory for use un-
der conditions of the recombi-
nation reaction? Specifically,
1s titanium converted to the
hydride or the oxide under these
conditions?

It 15 planned to bracket the tem-
perature and pressure conditions
likely to be encountered in the HRE
in order to obtain as much informa-
tion as possible of direct relevance
to the operation of the HRE.

Hydrogen Embrittlement. The thin-~
walled capillary tubing (type 347
stainless steel) used in the radia-
tion stability studies would be par-
ticularly vulnerable to hydrogen
embrittlement 1f such a process were
favored by the conditions of our ex-
periments. In order to survey this
situation a bundle of short capillary
tubes was formed by sealing one end
of each and joining the other ends
to a common header. The tubes were
then placed under 5000-psi pressure
of hydrogen and held at 250°C for
15 days. A coil of the same tubing
was also held at 250°C for 15 days.
These tubes were subsequently tested
by the Metallurgy Division. Lengths
of tubing were gripped in a vise and
given repeated 90° bends until frac-
ture occurred. The results of this
test are given in Table 12.4. There
is obviously no significant difference
between the two means and probably no
significant difference between the
two spreads. It does not, therefore,
seem probable that our test condi-
tions, as far as temperature, time,
and hydrogen pressure are concerned,
lead to serious weakening or em-
brittlement of the tubes. If further
exploratory studies of hydrogen em-
brittlement are carried out by other
groups it has been recommended that
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samples of thin sheet, exposed to
hydrogen on both sides, might give a
more sensitive 1indication of em-
brittlement effects.

TABLE 12.4

Results of Hydrogen‘Emhrittlement

Tests
NUMBER OF BENDS BEFORE FRACTURE

SPECIMEN EXPOSED TO H2 EXPOSED TO AIR

1 38 38

2 32 33

3 41 33

4 22
Mean value 33-1/4 34-2/3

Dut-of-Pile Bomb Studies. Using
unentiched uranyl sulfate solution
containing 307 gof uranium per liter,
a few sxperiments have been carried
out in stainless steel bombs to demon-
strate solution stability prior to
radiation tests. Both chromate-
pretreated and oxygen-pretreated
bombs were used, and a pressure of
oxygen was maintained during the
heating period of the test. Analyses
of the solutions for uranium and
nickel after different periods of
heating were carried out to give
evidence of solutidn stability and
corrosion. The results are presented
in Table 12.5. These resnlts indi-
cate clearly that the solution is
stable under the conditions chosen.
The nickel analyses and pH measure-
ments indicate that the corrosion is
of the same magnitude as that pre-
viously found with the uranyl sulfate
solutions containing 40 g of uranium
per liter in the same type of con-
tainers.
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TABLE 12.5

Qut-of-Pile Bomb Experiments with High Concentrations of
Uranyl Sulfate

(All tests were conducted with 400-psi 02 pressure at 275°C;
initial concentration was 307 g of uranium per liter.)

HEATING SOLUTION ANALYSES
EXPERIMENT PERTOD URANTUM NICKEL CHROMIUM
NUMBER PRETREATMENT (hr) (8/liter) (mg/ml) (mg/ml) pH
355 2% Cr0, " 168 309 0.012
500 309 0.23
364 2% Cr0, 624 305 0.14 1.7 1.06
356 400-psi O, 168 314 3.3
500 325 0.59
365 400-psi 0, 624 301 0.26 0.24 1.35

Plans for Next Quarter. Funda-
mental work on specific and net gas
production inuranyl sulfate, nitrate,
fluoride, and other systems at various
concentrations and enrichments will
be continued using ampoules and bombs
in hole 12 of the graphite pile.

Studies of various inhibitors of
corrosion will be initiated using
silica tubes and nonradiation con-
ditions to determine whether there
is any possibility of protection of
various HKP systems by this method.
If any materials of promise are found,
studies in radiation will be attempted.

The kinetics of the recombination
of hydrogen and oxygen at high pres-

sures in stalnless steel bombs will
be determined. In this connection,
the suggested possible effect of
ruthenium (a fission product which
might "plate out™ on the metal sur-
faces of the system) will be ex-
plored.

The studies of the interaction of
hydrogen with uranyl solutions under
noncatalytic conditions and the effect
of the hydrogen-oxygen ratio upon
the valence stage of the uranium
will be continued.

Particular attention will be given
to the use of titanium in radiation
studies, since a supply of the metal
suitable for making small bombs is
available,
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13. SLURRY FUEL STUDIES

F. R. Bruce, Leader

J. 0. Blomeke
G. A. Eaton

J. M. Fulmer
C. P. Johnson

L. E. Morse

A study is being made of uranium
slurries which might serve as satis-
factory homogeneous reactor fuel.
Such a fuel should contain between
100 and 250 g of uranium per liter,
with preference being given to the
higher uranium concentration. It is
desirable that the slurry should re-
main in suspension during its useful
life in the reactor. For a plutonium
producer, the longevity of a stable
slurry is determined by the operating
time required to increase the plutonium
concentration to 1its maximum per-~
missible value. From this it follows
that the desired slurry should remain
in suspension after being subjected
to pile conditions for about 19 days
and allowed to remain at rest for
24 hr. While the attainment of a
stable slurry is desirable, 1t 1is
not essential if the material may be
easily resuspended after having
settled out. Arbitrarily, a systenm
having satisfactory nuclear properties
has been defined as one in which the
ratio of neutron cross-section of U238
to the cross-section of constituents
other than uranium is greater than
20. In other words, less than 5% of
the neutrons available for plutonium
production should be lost by parasitic
capture in the fuel.

The main advantage of a slurry
fuel is visualized as being the elimi-
nation of the difficult corrosion
problem which is inevitably present
with solutions of uranium compounds.
On the other hand, slurries may pre-
sent a serious erosion problem in

circulating systems, and the power
required for pumping slurry fuels
would undoubtedly be much greater
than that required for circulating
solutions.

In order to alleviate these dif-
ficulties, Dr. Harold C. Urey has
suggested that the boiliung reactor
be considered as the ideal application
for slurry fuels, thereby eliminating
the erosion and pumping problems.
Much of the slurry fuel development
program hes recently been realigned
in this direction.

URANIUM TRIOXIDE STUDIES

A true chemical solution may be
completely characterized by specify-
ing 1ts composition, concentration,
and temperature. On the other hand,
a solid-liquid system such as aslurry
18 unigque 1in that still another
property must be considered, namely,
that pertaining to particle size and
the solid-liquid interfacial area.
Because of the extremely large anter-
facial area present in slurries of
micron size particles, a relatively
small variation in particle size may
be expected to exert a very large
influence on such properties as
settling rate, viscosity, dispersi-
bility, erosion rate, and boiling
characteristics.

In order to study gquantitatively
the effect of particle size on slur-
ries, it is necessary to have either
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an efficient method of producing very
uniformly sized particles of uranium
trioxide over the size range of 1in-
terest to the present slurry program,
or the means of separating and classi-
fying such particles from large mix-
tures containing a wide distribution
in particle sizes.

At the present time, uranium tri-
oxide is prepared either by thermal
decomposition of uranyl nitrate or
by the thermal decomposition of
uranyl nitrate or by the thermal de-
composition of uranium peroxide.
Neither of these methods provides a
uranium trioxide which 1s applicable
directly to the slurry program; there-
fore, methods of reducing the particle
size and classifying the resulting
particle are belng investigated.

An Eppenbach colloid mill which 1is
capable of grinding uranium trioxide
in water suspension to particle sizes
in the range of 1 to 10 4 1is now
being used. The major limitations
of this mill are: (1) It produces a
nonuniformly sized product; (2) the
product 1s contaminated with iron;
and (3) the mill may be used only as
a wet grinder, which necessitates a
drying operation in the event that
air classification is desirable.

To supplement the colloid mill, a
laboratory scale fluid energy mill
has been ordered from the Micronizer
Company. This mill utilizes com-
pressed air as a source of energy to
reduce solid particles to the sub-
sieve range and 1s expected to pro-
duce uranium trioxide particles of
greater uniformity than those ob-
tained from the colleid mill and
with little or no iron.

Approximately 200 1b of Mallinckrodt

uranium trioxide has been obtained as

starting material for the slurry
program. This material, formed by
the thermal decomposition of uranyl
nitrate, was received as the uranium
trioxide monohydrate and was washed
eight times with water to remove
soluble nitrate. It was then ground
batchwise for 45 min in a colloid
mill, and a Dorco water classifier
was employed to separate the material
into five size ranges. Approximately
80% of the material was separated out
with a particle size of less than 5u.
The remainder of the material comprises
particles within the size range of 5
to 50 p. Further classification into
smaller size ranges will be carried
out using laboratory air and water
classifiers.

Util{zing the experiences gained
in the work on concentrations of 40 g
of uranium per liter, an attempt was
made to prepare slurries contalning
300 g of uranium per liter using
anhydrous uranium trioxide prepared
by the thermal decomposition of uranyl
peroxide. However, due to the ad-
sorption of water in the hydration of
oxide the consistency of the dis-
persion became so high that it was
impossible to prepare uniform sus-
pensions in a Waring Blender. The
addition of an organic dispersant or
polyphosphate increased the fluidity
of the suspension, but on heating at
250°C either reduction of the uranium
trioxide in the case of the organic
dispersant or formation of a uranyl
phosphate with the polyphosphate
occurred. In order toalleviate these
difficulties, work was initiated using
uranium trioxide monohydrate as a
starting material.

A slurry containing 300 gof uranium
per liter as uranium trioxide mono-
hydrate of particle size between 1
and 4 ¢ and stabilized with 13 g of



electrodialyzed bentonite per liter
was prepared. This slurry, though
showing some thixotropy, was readily
prepared in a Waring Blendor in con-
trast to the slurries prepared from
the anhydrous oxide. ‘After heating
for 24 hr in a sealed quartz tube at
250°C, the slurry became unstable
and settled very rapidly at room tem-
perature. In this behavior it re-
sembled the heated dispersion of
uranium trioxide in water alone. From
this, it is apparent that the prepara-
tion of high concentration uranium
slurries isdifficult. In the future,
slurries containing 100 g of uranium
per liter will be investigated.

URANIUM DIOXIDE STUDIES

Stability of uranium dioxide slur-
ries under an atmosphere of oxygen
was investigated by boiling and peri-
odically stirring a slurry for 7 days
at atmospheric pressure under an
atmosphere of oxygen. Colloidal
yellow material resembling cranium
trioxide formed in the slurry, aad
it is apparent that uranium dioxide
is oxidized by oxygen at the boiling
temperature.

MAGNESIUM URANATE AND MAGNESIUM
DIURANATE STUDIES

Slurries of uranium oxides are ob-
Jectionable i0 that they have a low
pH in solution, thus they present
somewhat of a corrosivn problem. In
order to overcome this difficulty,
Dr. Haroeld C. Urey has suggested that
magnesium uranate and magnhesium di-
uranate be considered as possible
slurry material. Magnesium uranate
was prepared by adding ammonia to a
solution of magnesium chloride and
uranyl chloride to form the yellow
solid. A suspension of this material
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in water was heated in a sealed pyrex
tube at 250°C for 20 hr. At the end
of this time the color of the slurry
had changed from orange to yellow,
and the suspension had a silky ap-
pearance when agitated. Magnesium
diuranate was prepared by the 1gni-
tion of magnesium uranyl acetate at
750°C. This material formed as a
brownish-yellow solid. The suspension
of this brownish-yellow solid 1in
water when heated 1in a sealed pyrex
tube at 250°C for 20 hr gave a lemon-
colored yellow material. This color
change also occurred on boiling the
material at 100°C.

Magnesinum uracate and magnesium
diuranate slurries exhibit instabil-
ity on being heated at 250°C. The
magnesium dinranate slurries settled
and packed very badly,
dispersion.

resisting

SLURRY CIRCULATORS AND BOILERS

A slurry circulator system is be-
ing set up to study the fundamental
aspects of slurry dynamics. The
effect of pumping on particle size
as well as generalized observations
on erosion, power requirements, and
heat transfer will be made employing
a simple circulating loop. The cir-
culator which 1s now under construc-
tion has a votal holdup of only 2
liters and will operate betwsen room
temperatures and 90°C. A second
circulator has been designed for
operation at higher temperatures, and
a pump capable of performance in such
a system at temperatures up to 200°C
has been ordered. A small stainless
steel boiler of leliter capacity and
equipped with a 4-kw resistance heater
has been designed for operation at
250°C and 600 lb/sq in. pressure. The
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purpose of this equipment is to demon- fashiorn at power levels and tempera-
strate that slurries may be made to tures and pressures of interest in
boil in a controllable and even proposed reactor operation.
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i4. SLURRY PUMPING STUDIES

A. S. Kitzes, Leader

BR. B. Gallaher
R. V. Bailey

A literature survey has resulted
in the tentative conclusion that
slurries in general have a turbulent
viscosity which is not changed by
the Revynolds number in turbulent
flow. ‘

The particle size of hydrated
U0, is reduced rapidly to less than
100 & by 100 ft/sec circulation at
room temperature.

Metallic iron in the slurry after
the test indicates abrasion of the
iron fittings in the system.

Tests indicate that dry hydrated
UO; abrades types 347 and 321 stain-
less steel. Using a number of rather
broad assumptions, an equation has
been developed which imdicates
qualitatively the rate of abrasion
by a slurry at a pipe bend.

A temperature cycle circulating
system 15 now in operation with an
upper temperature of 150°C. Heat-
transfer coefficients for the slurry
will be compared with those obtained
using water in the same system.

ieat Tramsfer and Apparent Vis-
cosity of U0, Slurries. A literature
survey has shown that in turbulent
flow a value for the so-called
turbulent viscosity ef a slurry can
be obtained from pressure-drop data.
This is done by finding the Reynolds
number which corresponds to the
measured friction factor and solving
for viscosity, knowing the tube
diameter and the density and velocity
of the slurry. In the cases re~

W. Q. Hullings
C. A, Gifford

ported, the turbulent viscosity ap-
peared to be independent of the
Reynelds number, s¢ long as the
slurry was in turbulent flew. Un-
fortunately, however, calculation
of the viscosity in this way uses
the fifth power of the friction
factor and the tenth power of the
velocity, so that the final figure
for turbulent viscosity 1s subject
to cousiderable error. In the
standard beagt~transfer equation for
fluids in turbulent flow, viscosity
enters to the 0.47 power.

Since the turbulent viscosity of
most slurries appears to be in-
dependent of the Reynolds number,
there is reason to believe that heat
transfer in turbulent UD; slurries
can be predicted by the usual re-
lationships.

In viscous flow, most concentrated
slurries change in apparent viscosity
as the shear rate in the fluid
changes. Flowing through a tube the
shear rate varies as a function of
distance from the center of the
tube, and the normal paraboloid
associated with viscous flow of true
fluids may not be present in flowing
slurries. For this reason new
egquations are required to predict
heat transfer to slurries in viscous
flow. For circular tubes the new
egquation has been found to be

Sy 3 1/3
h @ m[) VoCh 2 . €7y b

= 1.615 — 1o+ .
k kz 24mV
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where
h,, ~ the average heat-transfer

coefficient over the length
of the tube,

D = tube diameter,

= thermal conductivity of the
slurry,

V = mean velocity of the slurry,

p = density of slurry,

C = specific heat of slurry,

z = heated length of the tube,
g = gravitational constant,
7, = yield stress of the slurry, and

M = coefficient rigidity of the
slurry.

The development of the above equation
is presented in CRNL-1071.¢(D)

Equipment has been designed, and
construction has been started for
measuring the viscosity of various
U0, slurries, both in turbulent flow
and in viscous flow.

U0, Abrasion Tests. One of the
major problems in pumping a slurry
is erosion (abrasion). An experiment
was therefore set up to determine
qualitatively the abrading action
of U0, H,0 as it falls freely between
a stationary metal plate specimen
and a softer metal rotating disk
separated a known distance (Fig. 14.1).

Preliminary results indicated that
UO;*H,0 abraded types 321 and 347

(DR, V. Baile , Erosion Due to Particle
Impingement upon Bends in Circular Conduits,
OBNL-1071 (Nov. 6, 1951).

stainless steels (Fig. 14.2) at the
rate of 0.5 mil/hr when the disk was
rotating at 50 rpm (lineal velocity
approximately 0.9 ft/sec), and the
distance between the specimen and
disk was 0.005 in. The UO, was
comminuted during the 12-hr test from
an average particle size of 80 u to
less than 44 u (particles no longer
flowed freely). The surface hardness
of the abraded specimen as measured
by a Rockwell superficial hardness
tester did not change, indicating no
surface work hardening during the
course of the test.

The abrasion tester (Fig. 14.1)
consists of an Armco iron disk, 4 in.
in diameter and 1/8 in. in thickness,
mounted on the shaft of a Graham
Variable Speed Transmission. The
specimen, mounted on a rigid slide,
is held a known distance from the
rotating disk by counter weights
operating against springs. The
distance between the specimen and
rotating disk can be varied by
changing the counter weight loading.
A clear plastic box (not shown)
encases the assembly to prevent
spreading of the UQ, dust.

The specimen was polished to a
minor finish and examined micro-
scopically for any residual scratches.
Depth of scratches, if perceptible,
were measured for comparison with
those produced during the test.

Further experiments are now under
way to determine the abrasion rate,
using different particle sizes of
UO,. When the dry runs have been
completed, the abrasive action of-
UO; slurries of varying particle
size will be studied by pumping
slurry between the rotating disk
and the specimen.
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Fig. 14.2 - Abrasion of Stainless Steel Surfaces. (a) Type 321 stainless
steel, 9.5X; (b) type 347 stainless steel, 9.5X.
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By making a number of assumptions,
based on particle abrasion results
reported in the literature, an
equation has been developed which
qualitatively relates the variables
affecting conduit wall abrasion at
a bend. The equation is advanced
tentatively because of the as-
sumptions made in its derivation,
and it should not at this time be
used as more than an indication of
therelationship between the variables.
The equation is

U. S-Br(p‘ - pe)
E=¢C, — 1
6 Mp '6
&

U.VIz(p’ R ERLISEL

+
68#2‘832'3

where

E = weight loss of wall at a
bend per unit weight of
particles passing,

Cs; = a constant for the system
including the elastic and
hardness properties of the
particles and surface, as
well as the shape of the
particles,

Uav‘ = mean flow rateof the slurry,

r = radius of particle,
R = radius of the bend (this is
postulated to be large

compared with the radius of
the conduit),

4 = viscosity of the slurry,

FOR PERIOD ENDING AUGUST 15,

1951

s density of solid, and

. ~ density of slurry.
The derivation of this equation is

presented in ORNL-1071.¢1)

Particle-Size Reduction of Cir-
culated Slurry. It has been re-
ported(?) that the UO, (10 g of
uranium per liter) became discolored
when it was pumped through a system
consisting of stainless steel and
Pyrex glass at room temperature.
Later it was shown by chemical
analysis that the discoloration was
due to metallic iron contamination.
Apparently the fittings such as
elbows and tees were being eroded
by the UO; slurry. The slurry
velocity was approximately 5 ft/sec,
and no reduction of the UO; to U 0,
was evident,

Particle-8Size Change in a Cir-
culated Slurry. To determine to
what extent the UO, crystals are
comminuted during circulation in a
closed system, UQ; (10 g of uranium
per liter) was pumped through a
small sphere and through a liquid
cy:lone separator. The finer fraction
from the separator was passed through
the pump while the coarser fraction
was returned to the finer stream at
the throat of a venturi on the high-
pressure side of the pump.

The rate of UO,*H,0 crystal break-
down 1s shown in Fig. 14.3. Samples
were taken from regions at five dif-
ferent radial positions in a glass
sphere, B8 in.in diameter and operated

(2)p. S, Kitzes et al., '“Engineering Re-
search on Alternate Reactor Systems,” Homogeneous
Reactor Project Quarterly Progress Report for
Period Ending May 15, 1951, ORNL-1057, p. 131
(Oct. 10, 1951).
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with a horizontal vortex. The data
indicate that with continued cir-
culation the particle-size distri-
bution of the particles became in-
creasingly uniform, as shown in
Fig. 14.4.

Concentration gradients across the
glass sphere were also determined.
Although the data of one test in-
dicate that the concentration across
the sphere becomes essentially uni-
form because of the comminution of
the particles, the experiments are
being repeated before the results
are reported.

Studies of the crystal growth of
uo, in stagnant water at temperatures
be tween 50 and 250°C have been
planned, and fabrication of the test
bombs has been started.

Temperature Cycle Loop. During
the past quarter a temperature cycle
loop (Fig. 14.5) was placed in opera-
tion to investigate the heat-transfer
and pumping characteristics of a
U0, -H,0 slurry. In passing around
the system, the slurry temperature

. o X
varies from 110 to 150°C. Erosion,
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Fig. 14.3 - U0, Particle Breakdown.

corrosion, and crystal changes upon
thermal cycling are also being
studied.

A slurry, containing 100 g of
uranium as the oxide per liter of
water, is recycled through a stain-
less steel loop, consisting of a
heater, -a cooler, and a pump, at a
velocity of 10.5 ft/sec. Heat-
transfer measurements are made
periodically, and samples are drawn
off for chemical analyses and particle-
size determinations (particle size is
determined microscopically). Chemical
analyses includedpH and iron, nickel,
and chromium ion concentrations of
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both the solids and filtrates.

The

system was calibrated by circulating
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distilled water. The over-all heat-
transfer coefficient, 710 Btu/hr-
ft2-°F, checked the predicted value
within 22%. Flow measurements were
made with a venturi meter. U0,
(particle size - 100% through 325
mesh screen) was washed three to
four times with distilled water to
reduce the nitrate content and
hydrated to UOy°H,0 prior to loading
into the loop. Sufficient data are
not available at this time to evaluate
what is taking place in the loop when
operating a slurry.

Equipment has been designed and
fabrication has been started to
study the characteristics of a 3~in,
Dorr Clone, a liquid cyclone. Mate-
rials of varying density and particle
size will be used. Work is approxi-
mately 20% completed.
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15. PLUTONIUM CHEMISTRY AND FISSION PRODUCT SOLUBILITIES

W. L. Marshall, Leader
H. W. Wright E. V. Jones
B. Zemel

PLUTONIUM CHEMISTRY IN AQUEOUS URANYL
SULFATE AT 100 to 238°C

H. W. Wright and W. L. Marshall

Intermittent work has been done
for the past eight months in prepa-
ration for the study of plutonium
behavior in aqueous uranyl sul fate
solutions from 100 to 250 °C; however,
interim investigations have delayed
the program. Full time effort is
now being devoted to this investi-
gation, and the experimental status
is as follows:

1. A wmicrosolubility apparatus is
under development for synthetic
studies above 100°C.

2. The filter disk apparatus of
B. Zemel¢!) of this laboratory
will be modified to be used as
a direct analytical method. The
apparatus probably will be
reduced to a smaller scale.

3. The development of a technique
will be necessary for the
problems inherent in the prepa-
ration of pure plutonium com-
pounds.

(1>« golubilities of Fission Product Sul-
fates,” Homogeneous Reactor Experiment Quarterly
Progress Report for Period Ending August 31,
1950, ORNL-826, p. 78 (Oct. 24, 1950).

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

ORNL-970 (Mar. 13, 1951).

MEASUREMENT OF THE SOLUBILITY OF
YTTRIUM SULFATE IN AQUEOUS URANYL
SULFATE SOLUTIOGNS FROM
200 TO 300°C

E. V. Jones

From the standpoint of the homo-
geneous reactor program, it iIs very
desirable to know the solubilities
of fission products in solutions of
5 to 40% uranyl sulfate and in the
temperature range of 200 to 300°C.
The work covered by this report i1s an
extension of the work of Lietzke and
Stoughton®?? on the solubility of
yttrium sul fate in aqueous uranyl
sul fate solutions of higher con-
centrations. Their study was limited
to uranyl sul fate solutions containing
30 g of uranium per liter. At pres-
ent, solutions containing 258 and
300 g of uramium per liter are uander
investigation, The method uvsed 1s
the well-known silica-tube synthetic
method as described previously.(?)
A microtechnique devised by W. L.
Marshall is also being investigated.

Tentative results of investi-
gations on the solubility of Y,(S0,),
in uranyl sulfate solutions containing
258 g of uranium per liter are listed
as follows:

TEMPERATURE Y,(80,),
(°c) SOLUBILITY
208 4.32
215 3.41
230 2.78
245 2.12
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As indicated by the above data,
yttrium sul fate shows a negative
temperature coefficientofsolubility.
It also has a strong tendency to
supersaturate, and the temperatures
recorded are those at which the
crystals dissolved completely upon
very slow cooling.

Al though our resul ts are tentative
and are being checked further, several

observations may be of some signifi-
cance:

1. For a given temperature, the
solubility of yttrium sul fate
is very much greater in more
concentrated uranyl sul fate
solutions. For example, at
225°C the solubility of yttrium
sulfate in uranyl sulfate con-
taining 258 g of uranium per
liter is approximately twelve
times as great as 1t 1is 1in a
solution containing 30 g of
uranium per liter. For 300 g
of uranium per liter the ratio
is about sixteen. The ratios
will be somewhat less at 250°C.

2. The temperature of fommation of
two-liquid phases seems to be
considerably lowered by the
presence of yttrium sul fate.
Secoy¢?) found this change
occurring at the concentration
we are using at about 295.5°C.
With a sample having 3.41%
yttrium sul fate, a UO, 80 ,-rich
liquid phase appeared at 260°C.
With 2.12% yttrium sul fate the
change oceurred at 271°C and
with 1.43% yttrium sulfate the
temperature was 275°C.

(e, H. Secoy, * The System Uranyl Sulfate-
Water, II. Tem gracure-Concentration Belation-
?hi s)Above 2507, J. Am. Chem. Soc. T2, 3343

1950).

3. We have been unable to extend
our measurements into the
region of low yttrium sulfate
concentrations. For example,
with 258 g of uranium per liter
and 1.43% of yttrium sul fate in
one sample, and 1.08%ofyttrium
sul fate in another sample, we
were unable to obtain any
crystals even by heating the
solutions to 320°C for 2 hr.
The UD,S0,-rich layer became
very viscous, but no crystals
appeared.

SOLUBILITY OF FISSION PRODUCT SULFATES

B. Zemel

The solubilities of Ce,(S0,), in
H,0, La,(80,), in H,0, BaSO, in
U0,80,, and Ce,(S0,), in U0,SO, (con-
centrations of 30 g of uranium per

liter) have been determined up to
350°C.

Several solubility curves for
data obtained previously in the
presence of U0,S0, are now considered
invalid since it has been found that
the stock UO,S80, used contained
sppreciable amounts of ammonium
sulfate. It was further shown that
the solubility of the alundum filter
disks employed and temperature
variations across the bomb were
causing spurious results due to
precipitation of uranium and distil-
lation of water, respectively.

In order to obviate these factors
three measures were taken: (1) The
alundum filter disks were replaced by
platinum sponge filters; (2) the
bomb furnaces were rewound and so
arranged that the upper or sampling
end of the bomb was kept a few degrees



hotter than the lower or reaction
size; and (3) the temperature dif-
ferential for filtration was kept low
enough so as to favor filtration over
distillation.

The solubility studies of SrS0, in
U0,S0, and of Y,(S0,), in U0,SO,, for
which impure UO,S0, was previously
used, have since been almost com~-
pletely repeated using the pure
reagent. The results will be reported
later.

The solubility curve of Ce2(804)3
(Table 15.1 and Fig. 15.1) was
detemined by adding Ce'** tracer to
natural Ce,(80,), in solution. Since
the Ce'** obtained from the Badio-
isotope Control Department group
appeared to be impure, the Ce'*? was

TABLE 15.1

Solubility of Ce2(804)3 in Water

SAMPLE TEMP, SOLUBILITY
NG. (°0) C/m(a) (mg/100 g solution)
10 105 | 23,857 300

6 139 8,306 113.5
11 169 3,569 50
7 199 1,350 19.1
9 211 1,273 17.3
4 220 959 13.1
5 244 210 2.87
8 269 163 2.2
3 284 36 0.49
2 325 69 0.94
1 350 61 0.83

(0)100 N\ samples counted.

(*)D. N. Hume, N. E. Ballou, and L. E.
Glendenin, A4 Manual O; the Radiochemical Deter-
mination of Fisston Product Activity, CN-2815
(June 30, 1945).

FOR PERIOD ENDING AUGUST 15, 1951

UNCLASSIFIED

o DWG. 13065
400 T T i
60— O REPORTED BY SEIDEL ~
® THIS WORK
320— —
280[— —
=z
=4
=
3 240p— -
o
w
o
o
=
~ 200y~ et
o
E
m
Oﬂ‘
2 1601— -~
n
»
(&}
120{—
80— -
40— —;
ool o
50 100 200 300

TEMPERATURE (°C)

Fig. 15.1 - Solubility of Ce,(S0,),
in H,0 from 100 to 350°C.

first purified by CeF, and Ce(IO0,),
precipitations¢*) and then converted
to Cezu‘(SO‘)3 to give a solution
containing 1.50 g of Ce,(SO,), per
100 g of water and giving 100,000 c/m
per 100 A of solution on the fourth
shelf of a G-M counter.

A solution of Ce,(S0,), in UO,S0,
was made by taking 25.ml of Ce,(S0,),
stock solution and then adding 1 ml
of Ce,'**(S0,) tracer solution and
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5.4 gofU0,380,; the solution was then
diluted to 100 ml. This solution
contained 30.75 g of U0O,S0, and
1.5 g of Cez(SO‘)3 per liter and was
used to obtain the solubility data
given in Table 15.2 and Fig. 15.2.

TABLE 15.2

Solubility of Cez(S04)3 in
UOZSO‘ Solution

SAMPLE | TEMP, SOLUBILITY
NO. (°c) c/m(a) (mg/100 g solution)
SA 137 23,200 290
4A 200 9,097 113.5
8A 220 6,440 80.5
9A 242 3,494 43.7
1A 267 1,865 23.3
6A 338 146 1.82

(a)100 N samples counted.

The solubility of La,(S0,), has
been determined in water using La'*?®
tracer. The lanthanum was obtained
in a relatively pure form by purifying
Ba!4? obtained from the Radioisotope
Control Department. The Bal4? was
purified by three HCl-ether precipi-
tations followed by a Fe(OH), decon-
tamination step and a TTA-extraction
step. The 40-hr Lal*® was then
permitted to grow in and was extracted
with TTA. This La'*® was then added
to a La,(S0,), stock soluction to
make the final LaZ(SO4)3 solution,
The data obtained are given 1in

Table 15.3 and Fig. 15, 3.

The determination of the solu-
bilitv of BaSO, in UO,SO, presented

168

a difficult problem due to its low
solubility and to the presence of
the UO,S0, which made analysis of
the Ba'? after each run more diffi-
cult. The procedure employed was
as follows:
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A known amount of natural barium
was added to a solution of Bal*?
tracer whereby the specific activity
of the stock barium was fixed at
10° ¢/m per gram of barium. This
barium was precipitated as the sul-
fate, washed, and dissolved (to the
extent of its solubility) in a uranyl
sul fate solution containing 30 g of
uranium per liter. The centrifuged
supernatant solution was analyzed for
barium by the addition of carrier
barium and sul furic acid; the barium
precipitating as BaSO, was centri fuged,
washed, metathesized to the carbonate,
dissolved in acid, preecipitated three
times as the chloride from an ether
solution, and prepared for counting.
A Fe(OH), scavenger precipitate was
remo ved from theBaCl, sclution before
finally preparing the sample for
counting. The sample was allowed to
stand until the Lal*® activity grew
in to approximately its equilibrium
coun t.

After approximate equilibrium was
attained, it was found that the

TABLE 15.3

Solubility of La,(s0,), in Water(®)

FOR PERIOD ENDING AUGUST 15,

SAMPLE TEMP . SOLUBILITY

NO, (°c) (mg/100 g solution)
2 350 6.1

1 278 6.2

5 216 12

3 200 24

8 180 41

4 155 142

6 106 598

(0)500 A samples counted in crystal counter
for ¥ content; a standard sample was counted
with each solubility sample due to the short

half-life of Lal40:

1951
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Fig. 15.3 - SolubilityofLa2(SO‘)3
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Bal4%-La’*? was contaminated with
other activities. So through the
courtesy of A. R. Brosi the samples
were examined on the 7y-ray spec-
trometer, the 1.6-Mev La'*® peak
being identi fied and counted. Using
the same chemical procedure given
above, the original Ba'*? solution
containing a known weight of natural
barium was analyzed. The results
were corrected for sample size,
chemical yield, and decay, and the

169
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stock U0O,S0, solution was thus
shown to have a concentration of
23 mg of BaSO, per 100 g of solution.
The barium activity was found to be
about a factor of ten less than that
due to the disintegration products
of uranium.

Additional Ba'*® tracer (con-
taining an assumed negligible weight

of barium) was then added to the
BaS80,-U0,S0, stock solution. Using

TABLE 13.4

Solubility of 83804 inU02504 Solutionm

TEMP . SOLUBILITY

(°C) (1g/100 g solution)
185 15

200 11

250 9

270 10

296 6

this stock solution and the above
chemical procedure, the values in
Table 15.4 and Fig. 15.4 were obtained
for the solubility of BaS0,.

Considering the very high order
of dilution and the large number of
steps involved in each determination,
the above results may be good only
to an order of magnitude.
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16. CHEMICAL PROCESSING

F. R. Bruce, Leader

D. E. Ferguson
D. D. Rauch

Chemical processing, attendant to
the operation of nuclear reactors,
has three primary objectives: (1)
isolation of the product, (2) removal
of fission product poisons, and (3)
reclamation of the fuel or source
material. The frequency of chemical
processing in the case of a plutonium
producer is determined by three
factors, the first being the rate
of formation of Pu?*? which, if
present to the extent of greater
than 2%, renders the product less
desirable for military use. The
second factor determining the proc-
essing cycle is the rate of depletion
of the reactor fuel, since, on
reaching a limiting composition with
respect to the fissionable isotope,
the fuel must he replenished either
by re-enrichment or by adding highly
enriched material. The third factor
is the rate of build-up of fission
product poisons which lower the
neutron economy. The purpose of the
chemical processing program which is
now under way is to develop the best
separation method for achievingthe
three previouslymentionedobjectives.
In this work it is assumed that the
most likely homogenecus reactor fuel
will be a 1 M solution of uranyl
sul fate, and the reactor for which
chemi cal processing has been con-
sidered is that described in ORNL
CF-51-7-134. (1)

Dy, A Lane, A Comparative Survey of the
Feasibility and Economws of Alqueous Honogeneous
Reuactors for the L arge Scale Production of
Plutonium, ORNL CF-51-7-134 (July 27, 1951).

I. R. Higgins
W. E. Tomlin

At the present time it is felt
that the most attractive chemical
process for the separation of uranium
and plutonium from a homogeneous
reactor will consist of heavy-water
reco very by evaporation, and plutonium
and uranium decontamination by TBP
solvent extraction. A schematic
process flow sheet is given 1in

. Fig. 16, 1

Frequency of Chemical Processing
for an Agueous Homogeneous Plutonium
Producer. In the case of a solution
homogeneous plutonium producer, three
schemes of operation are possible.
The reactor may be charged and dis-
charged in one batch, the reactor may
be charged and discharged continu-
ously, or plutonium and high cross-~
section fission products may be
removed continuously from the reactor
with only a small amount of uranium
being removed each day for the enrich-
ment,

Frequency of chemical processing
of the reactor fuel for the first
two schemes is determined by the
amount of Pu2*® yhich is allowable
in the product. If plutonium and
fission products are removed con-
tinuously, only this Part of the
processing depends on Pu**? bui ld-up,
and the uranium need not be decon-
taminated until re-enrichment 1s
necessary.

Calculation of the chemical proc-
essing periods, that is, the time
in which one reactor charge must be
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Fig. 16.1 - Chemical Processing by Purex for Batch OGperation of Reactor.

processed, can be made from solutions
of the di fferential equations which
relate the rates of production of
Np23%, Pu?3?, and Pu?*® to flux and
time. If we choose a limiting value
for the ratio of Pu?*® to total plu-
tonium, the chemical processing
period then is a function of flux
only. This is shown in Fig. 16.2
for the three different schemes of
operation, assuming a Pu?*? content
of 2%. To illustrate this analysis,
consider a homogeneous plutonium
producer operating with a 1 M uranyl
sulfate in D,0 solution as fuel, a
core diameter of 15 ft, a power level
of 2000 mw, and a temperature of

250°C and producing 2000 g of plu-
tonjum per day. The thermal flux
of this reactor at 2000 mw would be
1.4 x 10'* n/cm?/sec. From Fig. 16.2
we see that the chemical processing
periods are 19 days for the batch
operation of the reactor, 9.5 days
for continuous operation, and 6.9 days’
for continuous removal of plutonium.
From this we see that the batch
operation of the reactor requires
the smallest chemical processing
rate, but since removal of plutonium
by ion exchange is a simple and
inexpensive chemical process, and
since the uranium need not be decon-
taminated until the fuel requires

172 - I



re-enrichment after 50 days of oper-
ation, this scheme competes economi-
cally with the batch operation of the
reactor followed by a tributyl phos-
phate extraction process.

Heavy-Water Recovery. The first
step in chemical processing of the
fuel by solvent extraction would
consist of heavy-water recovery in
order that the subsequent separations
might be carried out in a light-water

system. The alternate procedure of
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carrying out solvent extraction from
a heavy-water solution is less de-
sirable since deuterated nitric acid
would be required and significant
amounts of deuterium would be lost
by solvent extraction of deuterated
nitric acid and heavy water. The
problem of dehydrating uranyl sulfate
has not been investigated extensively
on theproject, and theopen literature
on the subject is ambiguous. The
Britishhave reported preparing uranyl
sulfate containing less than 0.2%
water by heating to 175°C for 5 to
6 hr. 1t was also found in this work
that extensive decomposition of the
uranyl sulfate appeared at about
250°C on heating in a vacuum. For
the particular application considered
here, decomposition of uranyl sulfate
does not present a problem since
solvent extraction 1is carried out
in a nitric acid system and nitric
acid may be used to dissolve any
insoluble oxide formed.

The dehydration of uranyl sulfate
on heating has been investigated
using the Karl-Fischer reagent. On
heating for 72 hr at 400°C no water
appeared to be associated with the
uranyl sul fate. At the end of this
time, 1t was found that less than
15% of the sulfate ion associated
with the uranium had been destroyed.
It appears that the Karl-Fischer
reagent is not capable of determining
all of the water of hydration associ-
ated with uranyl sulfate, and an
alternate method of studying the
dehydration problemis being developed.

Extraction of Plutonium and RNitric
Acid from Solutions Containing Uranyl
Sulfate. It has been found that
adequate recovery of uranium and plu-
tonium may be obtained using the
standard Purex process, provided the
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feed contains a mole ratio of sul fate
ion to uranium of 0.5 or greater.
This was demonstrated by laboratory
countercurrent batch extraction runs
in which such a feed was processed
through eight stages of extraction
with a uranium loss of less than .01%
and a plutonium loss of 0.1%  Since
the mole ratio of sulfate ion to
uranium will probably exceed 0.5 in
the contemplated system, unless a
special effort is made to destroy
the sul fate, an investlgation was
made of the extraction of plutonium(IV)
from nitric acid-sulfuric acid solu-
tion by tributyl phosphate diluted
with a hydrocarbon diluent. The data
which were obtained are summarized

in Tables 16.1 through 16.7.

A preliminary correlation of
these data yields an equation for

TABLE 16.1

Effect of HNO; Concentration on
Extraction of Pu(IV) and HNO,
by 30% TBP

Equal volumes of 30% TBP in AMSCO and aqueous
phase as indicated were equilibrated for
3 min at 25°C.

Trace amount of Pu(IV) present.

504_ concentration, 1.0 N.

HNO, CONC. Pu D.C. HNO, D.C.
(N) (0/A) (0/4)
0.53 0.004 0.19
0.88 0.01 0.24
1.68 0.1 0.25
2.20 0.4 0.25
2.60 0.7 0.25
3.85 2.7 0.23
4.30 4.1 0.21
5.00 5.6 0.20
6.10 8.4 0.18

the plutonium(IV) distribution coef-
ficient as a function of nitric acid
concentration, tributyl phosphate
concentration, and sulfuric acid
concentration at 25°C:

EAO (Pu(IV) at 25°C)

2.95[HN0, 13 % [TBP]L- %

2.4
[HNO, 17, % + 340 [H,S0,],

In this equation [HNOs] is the
aqueous phase nitric acid molarity,
[TBP] is the total tributyl phosphate
molarity in the organic phase, and
[HZSO4] is the aqueous phase sul furic
acid molarity. This empirical equa-
tion does not present a good funda-
mental picture of the nature of
plutonium(IV) extraction by tributyl

TABLE 16.2

Effect of HN03 Concentration on

Extraction of Pu(IV) and HNO,
by 30% TBP from 0.5 N H,S0,

Equal volumes of 30% TBP in AMSCO and aqueous
phase as indicated were equilibrated for
3 min at 25°C,

Trace amount of Pu(IV) present.

HNO, CONC. Pu D.C. HNO, D.C.
(N) (0/A) (0/4)
0.52 0.001 0.25
0.98 0.03 0.27
1.68 0.28 0.28
2.10 0.77 0.27
2.60 1.60 0.26
3.40 2.90 0.24
3.80 5.8 0.23
4.10 6.9 0.23
5.20 10.2 0.20
6.15 15.3 0.18
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TABLE 16.3

Effect of HNO, Concentration on
Extraction of Pu(IV) and HNO,
by 30% TBP

Equal volumes of 30% TBP in AMSCO and aqueous
phase as indicated were equilibrated for
3 min at 25°C.

Trace amount of Pu(IV) present,

FOR PERIOD ENDING AUGUST 15, 1951

TABLE 16.3

Effect of TBP Concentration on
Extraction of Pu(IV) and HNO3
from HNO, Selutions

Equal volumes of TBP in AMSCO and aqueous
phase as indicated were equilibrated for
3 min at 25°C,

Trace amount of Pu{(IV) present.

HNOs CONC. Pu D.C, HNO, D.C. TBP CONC. HNO,; CONC. Pu D.C.
(N} (0/A) (0/A) (%) (») (0/A)
0.52 0.96 0.34 5 4.4 2.9
0.93 3.0 0.34 10 4.3 8.
1.78 8.1 0.31 15 4.1 13.
2.13 10.4 0.29 20 4.1 20,
2.40 11.3 0.28 30 3.8 36.
3.50 20. 0.26
3.90 23.0 0.24 TABLE 16. 6
4.50 25. 0.23
5.25 34. 0.21 Effect of Sodium Nitrate Concentra-
6.25 4l 0.19 tion on Extraction of Pu(IV)

and HN{)3 by 30% TBP from
TABLE 16.4 HNO3 Solutions

Effect of TBP Concentration om
Extraction of Pu(IV) and HNO,
from HNO, Solutions

Equnal volumes of TBP in AMSCO aund aquecus
phase as indicated were equilibrated for
3 min at 25°C,

Trace amount of Pu(IV) present.

TBP CONC. | HNO, CONC. | Pu D.C. | HNO, D.C.

(%) N (0/A) (0/4)

5 2.0 0.60 0.04

10 1.95 1.9 0.07

15 1.85 3.6 0.12
20 1.80 4.7 0.15
30 1.66 8.6 0.25

phosphate. However, it was found to

express accurately the distribution

Equal volumes of 30% TBP in AM3CO and aqueous
phese as indicated were equilibrated at
25°C.

Trace amount of Pu(IV) present.

NaNO3 CONC. HNOs CONC. | Pu D.C, HN03 D.C.

(moles/liter) (N) (0/A) (0/A)
0.0 0.96 3.1 0.23
0.5 0.90 5.0 0.31
1.0 0.86 10. 0.35
2.0 0.78 24. 0.49
2.5 0.77 35. 0.54
3.5 0.70 55. 0.67
4.0 0.67 80. 0.76

ratio of plutonium{IV) in the above
system over the range of 1 to 5 M
nitric acid, 5 to 30% TBP in AMSCO
diluent, and 0 to 1 M sul furic acid.
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TABLE 16.7

Effect of TBP Concentration on
Extraction of Pu(IV) and HNO,
from 2 ¥ NaNO, Selutions
of HNO,

Equal volumes of TBP in AMSCO and aqueous
phase as indicated were equilibrated at
25°C.

Trace amount of Pu{IV) present.

TBP HNO4 Pu HN03
CONC. | CONC. NaNO; CONC. D.C. D.C.
(%) (N) (moles/liter) | (O/A) [(0/A)
5 1.10 2.0 1.4 0.07
10 1.02 2.0 4.2 0.12
15 0.98 2.0 8. 0.18
20 0.90 2.0 12. 0.28
25 0.87 2.0 19. 0.33
30 0.80 2.0 23, 0.42

TABLE 16.8
Comparison of Observed and
Calculated Pu(IV) Distri-

baution Coefficient

Pu D.C. calculated from

2.95[N0, 7132 [TmP]' 4

Table 16.8 shows the experimental
values obtained for distribution
coefficients in the above range of
concentrations along with the values
calculated from the empirical egua-
tion. The agreement is as good as
the reproducibility of the distri-
bution coefficients in this type of
experiment. It has been reported by
workers atHanford that the extraction
of nitric acid may be described by
the following equilibrium expression:

HNO,  + TBP_, ZZ==TTBP-HNO,

aq aq

In this equation, TBP is inter-
preted as uncomplexed tributyl phos-
phate in the organic phase. This
equation does not adequately describe
the extraction of nitric acid by
tributyl phosphate. This may be
easily seen from Table 16. 1 since

E,° (Pu1v) =
[No,"1%2* + 340(s0,"]

TBP | HNO, | SO,
CONC. |CONC. | CONC. | Pu D.C. | Pu D.C.

¢ | () | (M) | OBSERVED |CALCULATED
0.185 | 1.1 | 0.1 0.009 0.0115
1.11 | 0.9 |o.1 0.06 0.066
0.185 | 3.0 | 0.1 0.56 0.39
1.11 | 2.6 |o0.1 4.15 2.95
0.185 | 2.0 | 0.375 | 0.04 0.03
0.74 | 1.8 [0.375 | 0.16 0.14
0.185 | 5.0 | 0.375 | 0.62 0.72
0.74 | 4.6 | 0.375 | 3.90 3.90
0.555 | 2.8 | 1.0 0.22 0.18
1.11 | 2.5 | 1.0 0.33 0.32
0.555 | 4.7 | 1.0 0.94 1.26
1.11 | 4.3 [ 1.0 1.85 2.44

the nitric acid distribution coef-
ficient changes only from 0.19 at
1 M free TBP in the organic phase to
0.20 at 0.1 ¥ free TBP in the organic
phase. However, if the symbol, TBP
organic, is interpreted as meaning
the total tributyl phosphate, then
we have a direct contradiction with
the data presented in Table 16.9
where the nitric acid distribution
is shown to decrease with increasing
nitric acid concentration at constant
nitrate ion concentration in the
organic phase. From these data it
appears that the extraction of nitric
acid by 30% TBP in the AMSCO diluent
from nitric acid solutions between



1 and 4.5 M is better described by
the following expression:

+ - — e
H' + NO,” + TBP,  WHNO-TBP,

rg

The equilibrium constant for this
reaction is given by

.. [NO,-TEP]
+ -
W), WNo,~), [mBP1

which, if we disregard activity
coefficients, becomes

FOR PERIOD ENDING AUGUST 15, 1951

It is shown in Tahle 16. 10 that K
lies between 0.20 and 0.25 for most
of the data which have been obtained
to date, with an average of about
0.22. It is also apparent from the
data that the above reaction does not
adequately describe the phenomenon at
lower or higher nitric acid concen-
trations. This study of nitric acid
extraction with TBP will be continued

TABLE 16.10
Values of the Thermodynamic
Equilibrium Constant at

25°C for the Reaction

i+ No,” + TBP == TBP-HNO,

E,°
K = '
(No,-] [TBP] . NO, CONC. | UNCOMPLEXED .
& on TBP (M) | HNOg E\0 | K (at 25°C)

where [TBP is the uncompl e
TBP con&ainlﬁrin the organic ihazie 0.81 0.95 0.19 0.25
0.93 0.89 0.24 0.29
0.96 0.88 0.23 0.28
TABLE 16.9 1.40 0.83 0.31 0.26
1.66 0.69 0.25 0.22
Effect of HNO, Concentration on 1.78 0.67 0.25 0.21
Extraction of Pu(IV) and HNO, 1.80 0.47 0.15 0.18
by 30% TBP at Constant 1.85 0.33 0.13 0.22
Ionic Strength 1.86 0.81 0.35 0.23
1.95 0.23 0.07 0.16
Equal volumes of 30% TBP in AMSCO and aqueous 2.00 0.11 0.04 6.19
phase as indicated were equilibrated for 2.13 0.57 0.25 0.21
3 min. 2.40 0.51 0.25 0.21
Trace amount of Pu(IV) present. 2.78 0.73 0.49 0.24
2.87 0.64 0.33 0.18
HNOs CONC. NaNO; CONC. PuD.C. HNO, D.C. 3.00 0.38 0.18 0.16
) (moles/liter) | (O/A) (0/4) 3.10 0.12 0.07 0.19
3.27 0.69 0.55 0.24
0.63 4.0 72 0.70 3.50 0.31 0.23 0.21
1.05 3.5 57 0.52 3.90 0.23 0.23 0.24
1.48 3.0 42 0.40 3.95 0.42 0.28 0.17
2.10 2.5 40 0.34 4.20 0.64 0.67 0.25
2.45 1.5 29 0.24 4.48 0.51 0.40 0.18
3.25 1.0 29 0.24 4.50 0.15 0.21 0.29
4.20 0,0 22 0.20 4.67 0.60 0.76 0.27
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since it 1s felt that the behavior of
plutonium(IV) in the system cannot be
unders tood until an adequate explana-
tion is found for the nature of
nitric acid extraction.

Plutonium Chemistry in Uranyl
Sulfate Solutions. Tt was previously
shown that the continuous removal of
plutonium from a homogeneous reactor
considerably improves the economics
of plutonium production. Utilization
of anion exchange column for achieving
this depends upon the plutonium being
soluble and in an exchangeable ionic
condition. A program was initiated
to determine the stable plutonium
valence state 1n uranyl sul fate
solution which had been heated at
250°C.

Up to the present time the chem-
istry of plutonium(IfI) and plu-
tonium( IV} inuranyl sulfate solutions
has been investigated. For this
work, plutonium(III) sulfate was
prepared by reducing a stock solution
of plutonium nitrate with hydrazine
nitrate at 65°C. The reduced solution
was then passed through a Dowex-50
ion exchange column which adsorbed
plutonium(IIT). The column was then
rinsed with water, with 0.25 ¥ sul-
furic acid, and finally the plu-
tonium (III) was eluted with 6 N sul-
furic acid. The excess sulfuric acid
was then neutralized with UO; to the
pH of neutral uranyl sulfate. To
obtain solutions of varying uranium
content, neutral uranyl sul fate was
added to the stock solution to obtain
the desired concentration.

It has been found that the stable
plutonium valence state in sul furic
acid and in uranyl sulfate in contact
in air at room temperature is the
tetravalent state. Likewise, the

178

heating of a plutonium(III) sul fate
solution at250°C yields plutonium(IV)
sul fate. The solubility of plutonium
in uranyl sulfate has been investi-
gated as a function of uranium con-
centration, temperature, and sulfuric
acid concentration. In this work,
a solution containing plutonium
sulfate and uranyl sul fate was heated
at 250°C, cooled to room temperature,
and the observations were made. This
study showed that the solubility of
plutonium sul fate in uranyl sul fate
is extremely low and increases with
increasing uranium concentration and
sul furic acid concentration. The
solubility of plutonium in 0.2 M
uranyl sulfate after heating at 250°C
for 72hr was found tobe 0.9 mg/liter.
Increasing the uranium concentration
to 1 M increased the plutonium solu-
bility to 6 mg/liter. A 1 M uranyl
sul fate solution containing 0.49 N
sul furic acid exhibited a plutonium
solubility of 28 mg/liter. Decreasing
the heating temperature of 1 ¥ uranyl
sul fate, 0.04 N H,80, solution, con-
taining plutonium, from 250 to 150°C
increased the solubility to 4 mg/liter.
The solubility of plutonium in uranyl
sul fate solutions is summarized in
Tables 16.11 through 16,13 and
Fig. 16.3.

TABLE 16.11

Plutenium Solubility vs. Uranium
Concentration at 250°C

U CONC. | ORIGINAL Pu CONC. | FINAL Pu CONC.
(mg /ml) (mg/ml) (mg/ml)

46 0.28 0.0009

91 0.23 0.0016

240 0.24 0.0058

360 0.22 0.0042




TABLE 16. 12

Plutonium Solubility vs. ﬂ2804
Concentration at 250°C

FOR PERIOD ENDING AUGUST 15,

Pu
ACID CONC. | SOLUBILITY
) (mg/ml) OBSERVATION

0.09 basic 0.00177 | Precipitate formed
0.21 0.0179 Precipitate formed
0.49 0.0279 Precipitate formed
0.81 0.123 Precipitate formed
1.32 0.452 No precipitate formed
1.92 i 0.464 No precipitate formed

By X-ray-diffraction techniques
the solid phase precipitating from
uranyl sul fate has been identified
as PuO,. The significance of these
solubility determinations to the
operation of a homogeneous plutonium
producer may be interpreted as
follows. A plutonium producer to
which a continuous plutonium removal
process is attached operates at an
equilibrium plutonium concentration
of 20 mg of plutonium per liter of
uranyl sulfate. In order to achieve
this solubility of plutonium the
reactor must be operated with wranyl
sul fate solution containing 0.33 N
sul furic acid. A plutonium producer

TABLE 16.13

Plutonium Solubility vs. H2S04
Concentration at 130°C

Pu
H,SO, |SOLUBILITY

(N) (mg/ml) OBSERVATION

0.04 0.0036 Precipitate formed

0.34 0.392 Slight precipitate formed
0.66 >0. 40 No precipitate formed
1.00 >0.40 No precipitate formed

1951

which is processed in the batchwise
fashion operates at a maximum plu-
tonium concentration of 60 mg/liter.
In order to maintain this plutonium
in solution, the solution must be
made 0.6 N in sul furic acid.

In connection with the operation
of the circulating loops employing
uranyl sul fate solution, the inter-
esting observation was made that
uranium decay products appeared to
associate themselves with the passive
film on the stainless steel. Simi-
larity in the chemistry of tetravalent
plutonium and thorium suggested the
possibility that plutonium might
behave in a similar manner and become
assoclated with the passive film in
the reactor system. This wasinvesti-
gated by immersing a piece of passi-
vated stainless steel in uranyl
sul fate containing plutonium(IV) at
a concentration of 50 mg/liter and
heating the mixture to 250°C. At
the end of this time, the stainless
steel was removed from the solution,
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TABLE 16. 14

Total Radiation Intensities Under
Varving Operating Couditions

Power density of reactor = 15 kw/liter.
t; = irradiation time f{days).
t, = cooling time {days).

Ratio of average to maximum beta ensrgies

assumed to be 0.4,

TABLE 16.15

Radiation Imfensities from Nom-
gaseous Fizsion Products

Power demsity of reactor = 15 kw/liter,
ty = ldrradiation time (days).
t, = cooling time (days).

NONGASEOUS FISSICN PRODUCT
(beta energy watts/liter)

TOTAL FISSION PRODUCT _ -
(beta energy watts/liter) ta ty =5 t; =30
t2 tl = 5 ty = 30 i0. 17.
2.2 7.5
1 13. 20. 10 1 1.5 5.9
3.2 9.2
10 1.8 6.6 B breakdown 1nto several individual

washed in water, and the passive
film was removed with hydrochloric
acid. Tt was found in this experiment
that the plutonium adsorbed on the
passive film to the extent of 0.0044
mg/sq 1n. of surface arca. Studies
of the adsorption of plutonium on
passivated stainless steel will be
continued.

Fission Product Calenlations. The
fission product beta activities of
fuel solution from a howogeneocus
reactor have been calculated for
several 1rradiation and cooling
periods from data taken from HW-
17415, ¢ The, results are presented
in Tables 16.14 and 16.15.

Beta activity from fission products
is compared (Table 16.16) with the
beta activity from neptunium for
homo geneous plutonium producer. Th
data have been extended to include a

¢

(2)p. 5. gillette, Activity of Fission
Products, H¥-17415 (April) 14, 1950).

fission product ensrgies in Tables
16.17 and 16. 18,

timated fission product con-
e ations at time of discharge are
iven in Table 16.19 for a plutonium
producer operating to give 600 g of
plutonium per twon of uranium.

The total beta energy in watts
associated with 1 liter of fuel
solution 1s given in Table 16.14 as a
function of irradiation and cooling
time for a reactor operating at a
power density of 15 kw/liter. The
data of Table 16.14 arc based on the
assump tion that all f{ission products
remain 1n soluntion. Table 16. 15
gl ves results obtained by the assump-
tion that all goses and iodine are
removed, immediately upon formation,
from the reactor system.

The expression
- “-.2 -2
P(t t,) = 41¢, - [y, + ¢,)702]

glves satisfactory engineering esti-

mates, at least over the range of



FOR PERIOD ENDING AUGUST 15, 1951
TABLE 16. 16
Radiation Intensities of Neptunium Under Varying Conditions
Reactor power density = 15 kw/liter,
Neptunium production = .0154 g/liter per day.
t, = irradiation time (days).
t, = cooling time (days).
TOTAL FISSION PRODUCT Np (beta energy watts/liter)
(beta energy watts/liter) Maximum Minimum
t, t, = 5 t, = 30 t, =5 t, =30 ty =5 t; =30
1 13. 21. 20. 25. 13. 17.
5 3.2 9.3 6.0 7.7 4.0 5.1
10 1.9 6.8 i.4 1.7 .90 1.2
15 1.4 4.8 .31 .40 .21 .26
TABLE 16. 17
Radiation Intensities of Uranium Under Varying Conditions
Reactor power density = 15 kw/liter.
t, = irradiation time {days).
t, = cooling time (days).
Uranium concentration = 230 g/liter.
BETA ACTIVITY (disintegrations/min/mg U)
Mo®® 7097 7095 Ru103 RL 105
ty |ty 55| t,; =30 ¢, =5 ¢t, =30}t =5 (¢, =30 ¢, =5 (¢, =30| ¢, =5 |z, =30
1 [3.9x10°% | 5.5x10° | 20x10® | 30x10% | 40x107 |21x10® | 28x107 | 14x10® | 8.1x10® |9.1x10%
5 [1.4x10° | 2.0x10° | 57x10% | s8x10® | 3sx107 |20x107 | 26x107 | 13x10% | 1.3x10® [1.5x108
10 |4.2x10% | 5.9x10% | 43x10* | 36x107 | 36x107 |19x10® | 24x10” | 12x10® | 1.4x107 |1.6x10’
15 |1.2x10% | 1.7x10% | 31x102 | 32x10% | 3ax107 [18x10® | 22x107 |11x10% | 1.5x10° [1.7x10°

variables indicated by Tables 16.14
and 16.15, of fission product beta
energy in watts per liter corre-
sponding to irradiation and cooling
timesof t, and t, days, respectively,
for reactor operation at 15 kw/liter.

A comparison between the beta
activity due to fission products and
the beta activity from neptunium for
a plutonium producer operating at
15 kw/liter with a neptunium produc-
tion rate of .015 g/liter per day
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TABLE 16,18

Decontamination Factors Required to Reduce Beta Activity of Uramium to
150 disintegrations/min/mg U Under Conditions Given in Table 16.17

DECONTAMINATION FACTOR
M099 Zr97 ngs Ru103 thos

t, t, =5 ty = 30 ty =5 [t; =30 ty =5 [ty =30 ty =5 t, = 30 t, =5 [ty =30

1 |2.6x107 | 3.7x107 | 1.9x107 | 1.9x107 | 2.6x106 | 1.4x107 | 1.8x106| 9.1x105 |5.4x10° | 6.0x106

5 [9.6x10% | 1.4x107 | 3.8x10% | 3.9x10% [2.5x106 | 1.4x107 | 1.7x10°| 8.6x10% |8.9x10% {1.0x106
10 {2.8x106 | 4.0x10% | 2.8x103 | 2.9x10% | 2.4x106 | 1.3x107 [ 1.6x105| 8.0x10% |9.4x10% | 1.1x105
15 |8.2x10% | 1.2x10% | 2.1x10 | 2.1x10" | 2.3x105 | 1.2x107 | 1.5x10%| 7.3x10% |9.0x10% | 1.1x10*
1s shown in Table 16.16. WMaxima and TABLE 16.19

minima are given for neptunium in
Table 16.16 since the fractional
yields for the various modes of its
decay are not available.

Eeta disintegrations per minute
per milligram of uranium are given
in Table 16.17 for Mo®®, Zr®7, Z:%%,
Bulos, and Rh'%% for a reactor
operating at 15 kw/liter and con-
taining 230 g of uranium per liter.
Table 16.18 gives the decontamination
factors required to reduce these
activities to 150 disintegrations
per minute per milligram of uranium.

An estimate of fission product
concentrations at the time of dis-
charge is given in Table 16. 19 for
a plutonium producer operating at
15 kw/liter to produce a total of
600 gof plutonium per ton of uranium,
assuming the uranium concentration

to be 1 M.

Alternate Processing Schemes.
Before it was found that plutonium
was insoluble in uranyl sul fate at
el evated temperatures, ion exchange
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Fission Product Build-up

Power density = 15 kw/liter.

Uranium concentration = 1 ¥,
Plutonium production = 600 g per ton of
uranium.,
FISSION CONCENTRATION
PRGDUCT (g/liter % 10%)
Rare earths 43,
Barium 5.0
Zirconium 15.
Strontium 5.7
Yetrium 3.3
Columbium 3.6
Technetium 2.5
Ruthenium 9.2
Rhodium .13
Palladium .60
Tellurium 4.0
Malybdenumw 12.

1
appeared as an attractive method for
continuously removing plutonium from
a homogeneous reactor.



Recent ion exchange studies indi-
cate that much higher flow rates than
those necessary to obtain equilibrium
conditions in the ion exchange bed
result in good removal of plutonium
from uranyl sulfate. It appears at
the present time that flow rates as
high as 25 ml/min per square centimeter
of 1on exchange bed cross-sectional
area result in reasonably efficient
removal of plutonium from uranyl
sulfate. The use of such elevated
flow rates results in decreased
radiation damage to the ion exchange
resin. Studies of the radiation
stability of ion exchange resins have
been continued, and the additional
data confirm the fact that the
absorption of 1 kw-hr of radiation
per kilogram of resin results in a
capacity loss of between 10 and 15%.

In the most recent work, phenolic
Dowex=-30 resin was found to be a
factor of 3 more stable than Dowex-50
with respect to radiation. However,
Dowex-30 shows only half the capacity
for plutonium as Dowex-50. The
resul ts which have been obtained on
the radiation stability of ioun ex-
change resins are summarized in

Fig. 16.4.

An indirect method of preventing
the precipitation of plutonium in a
homogeneous reactor consists of the
removal of nep tunium, thus maintaining
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the plutonium concentration at alevel
which does not exceed the solubilivty.
By using a diaphragm electrolysis
cell and a porous carbon cathode,
about 40%of the neptunium was removed
from the uranyl sulfate solution at
the cathode, or precipitated with
uranium in the catholyte after 18
amp-hr of electrolysis per liter of
solution. In a cell with no diaphragm
and a porous carbon cathode, no
neptunium was deposited in 47 hr at
0.1 amp/liter. Work on electrolysis
as a method for removing neptunium
and plutonium will be continued.
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'NATURE OF LIQUID FLOW WITHIN A SPHERICAL CONTAINER

Department of Chemical Engineering
University of Tennessee

Introduction. An investigation
concerning the nature of liquid
flow in spherical containers was
begun in May, 1951 at the University
of Tennessee in the Department of
Chemical Engineering as a subcontract
research project of Oak Ridge National
Laboratory. This report describes
the activities and progress on this
investigation during the first quarter
since the execution of the subcon-
tract.

The objectives of the research
project include studies on the
following problems:

1. Liquid pressure drop as a
function of ligquid flow rate
through the spherical con-
tainer, liquid properties, and
dimensions of the equipment.

2. Lliquid velocity distribution
within a spherical container
as a function of the variables
stated in (1).

3. Conditions necessary to describe
the nature of liquid flow in a
spherical container as being
“streamline" or turbulent.

4, Effect on (1), (2), and (3) as
to the general liquid flow
direction within the spherical
container, axial, tangential,
or a combination of both.

5. Development of relations based
on fundamentals of fluid dy-
namics to explain the experi-
mental data and to allow ex-
trapolation of the data.

6. Treatment of other such related
problems as may be mutually
agreed upon.

The activities of this first quarter
included planning and designing the
experimental program and facilities,
construction ¢f equipment and experi-
mental work concerning problem (1),
literature surveys, and theoretical
considerations on the over-all in-
vestigation,

Experimental Program and Facili-
ties, As an initial phase of the
experimental program some pressure-
drop measurements have been made
using glass spheres which were fur-
nished by ORNL. The details of these
tests will be described in a subse-
quent section of this report.

Upon completion of the preliminary
work with the glass spheres, test
facilities involving a closed flow
system are to be constructed. These
facilities include a circulating
pump to provide flows up to 200 gpm
at 100 psig, appropriate heat ex-
changers to maintain i1sothermal
conditions, and suitable instru-
mentation for the measurement of flow
rates, static pressures, and liquid
velocity direction and magnitude
within the spherical container under-
going test. A number of spherical
containers ranging in size from 8 to
18 in. in diameter of both metal and
plastic construction are to be used
in these test facilities.

The design details for the closed
flow system have been completed and
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construction work is under way. The
circulating pump has been purchased
and received. Two shell and tube
mul tipass heat exchangers have been
made available for this work and
prepared for installation., Metal
hemispheres, which are to be fabri-
cated into spheresin the departmental
shops, are to be furnished by Lukens
Steel Co. and Spincraft, Inc. Delivery
on these items range from late
September to early November.

The effect on liquid properties on
the flow characteristies in the
spherical containers will be deter-
mined by the use of liquids other
than water in the flow system. The
choiceofliquids will give variations
in liquid density and viscosity.

Plans are under way to conduct
experiments attempting to find suit-
able methods of showing the flow
patterns visually, using plastic
spheres. These plans include the use
of dye experiments similar to the work
at ORNL in the Reactor Experimental
Engineering Division, appropriate
chemical reactions in liquid solution
which produce color as a function of
time, and bentonite clay or vanadium
pentoxide colloidal solutions to show
flow patterns by the birefringent
properties of these solutions.

Pressure-Drop Measurement in Glass
Spheres. The pressure—drop charac-
teristics of glass spheres with two
tangential inlets and two axial
outlets as a function of flow rate
have been determined. The experi-
mental equipment is shown in Fig. L
The essential features of this equip-
ment include a source of water from
the laboratory service lines, orifice
meters to measure the liguid flow in
influent and effluent pipes, and

mercury manometers to measure pressure
drop across the glass sphere. The
important dimensions of the glass
spheres used in the tests are shown
in Table 1.

TABLE 1

Dimensions of Glass Spheres Used in
Pressure-~Drop Experiments

INSIDE INLET PIPE EXIT PIPE
DIAMETER DIAMETER DIAMETER
(in.) (in.) (in.)
3.84 1.00 1.00
6.16 1. 50 2.00

Tests were conducted using the
following variations in flow arrange-
ments:

1. Total influent in one inlet,
total effluent at one outlet.

2, Total influent in one inlet,
equal effluent at two outlets.

3. Equal influent in two inlets,
total effluent at one outlet.

4, FEqual influent in two inlets,
equal effluent at two outlets.

For each flow arrangement the water
flow rate was varied from approxi-
mately 10 to 70 gpm, and the corre-
sponding pressure drops were measured,

All of the results from these
experiments may be briefly summarized
as follows:

1. For a given sphere and flow
arrangement, the pressure drop
increased directly with the
square of the total flow rate.
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Fig. 1 - Experimental Equipment for Pressure Loss Studies.

2. For a given sphere and a given =
flow rate, the pressure drop ,OV02 1 R \?
using asingle inlet was greater AP = g | | -1
than that using two inlets by a 272gc314 N R
factor of two.

—

3. For a given sphere and a given
flow rate, little variation in
the pressure drop was noted as N 2
the number of outlets in use 2
was varied.

Il

R,
— ¢, (1)
R,

4. A tentative correlation of all
the results based on potential
flow considerations of the
losses due to the rotary motion AP = pressure drop from inlet to
within the sphere and exit outlet of the sphere (pounds
losses is force/ ft?),
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p=1liquid density (pounds

mass/ ft?),
o = total liquid flow rate( ft¥/sec),

; = radius of inlet pipe (ft),

v
R
R, = radius of outlet pipe ( ft),
R = radius of sphere (ft),

N

= number of inlet pipes (dimen-
sionless),

N, = number of outlet pipes (dimen-
sionless), and

g, = gravitational conversion fac-
tor [(pounds mass)(ft)/(sec)?
(pounds force)].

The pressure drop as given by Eq. (1)
was found to be greater than the
experimental values, but a more
satisfactory relation can be given
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Fig. 2 - Pressure Losses in Spher-
ical Containers.

as more information concerning the
liquid velocity distribution within
the sphere is known. The comparison
of the experimental data with Eq. (1)
is shown in Fig. 2.

Literature Survey and Theoretical
Considerations. A preliminary survey
of the literature indicated that the
flow of liquid in a spherical con-
tainer had not been treated either
theoretically or experimentally.
However, useful information was found
regarding theoretical considerations
and experimental techniques. Some of
the more important references under
various headings are given below:

1. The Instability of Lamtinar Flow
in Curved Channels

Cornish, J. D., Proc. Roy. Soc.
Al140, 227-40 (1933).

Fage, A., Proc. Roy. Soc. Al65,
513-17 (1938).

Goldstein, S., Proc. Cambridge
Phil. Soc. 33, 41-61 (1937).
Lewis, J. W., Proc. Roy. Soc.
Al117, 388-407 (1928).

2. Turbulent Flow in Curved Channels

Dean, R. H., Phil. Mag. 4, 208-223
(1927); Phil. Mag. 5, 673-695
(1928).

Taylor, G. 1., Proc. Roy. Soc.
Al24, 243-42 (1929); Proc. Roy.
Soc. Al151, 494-512 (1935); Proc.
Roy. Soc. Al57, 546-579 (1936).

Wattendorf, F. L., Proc. Roy.
Soc. Al48, 565-598 (1935).

White, C. M., Proc. Roy. Soc.
A123, 645-663 (1929).

3. Rotary Flow in Cylindrical and
Conical Equipment

Batchelor, G. K., Quart. J. Mech.
App. Math. IV, 29-41 (1951).
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Binnie, A. M., and Davidson, J.
F., Proc. Roy. Soc. A199, 443.56
(1949). ﬁ

Binnie, A. M., and Harris, D. P.,
Quart. J. Mech. App. Math. 11I,
89-106 (1950).

Binnie, A. M., and Hookings, G.
A., Proc. Roy. Soc. Al194,398-412
(1948).

Heat Transfer and Fluid Mechanics
Institute, pp. 33-43, Stanford
University Press (1951).

Shepherd, C. B., and Lapple, C.

E., Ind. Eng. Chem. 32, 1246.48
(1950).
Taylor, G. 1., Aero. Research
Comm. F. M., 788 (1945).

Van Tongeren, H., Mech. Eng. 57,
753-.59 (1935).

4. Special Instruments for Measuring
Rotary Flow Patterns

Shubry, A., Proc. Am. Soc. Civil
Engrs. 75, 713-74 (1949).
Ter Linden, A. J., Proc. Inst.

Mech. Engrs. 160, 233-.55 (1949).
Wattendorf, F. L., Proc. Roy.
Soc. Al48, 565-598 (1935).

Some progress has been made in
solving the equations of motion for

the type of flow to be encountered

in the spherical containers for
assumed simple radial and vertical
velocity distributions. However, it
is realized that the solutions ob-
tained are so limited that this
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information will not be discussed
in this report.

Program for September 1 to December
1, 1951, A tabulation of future work
is listed below in the order in which
it will be conducted:

1. Extension of the pressure-drop
studies in glass spheres using
two other sizes of spheres.

2. Continuationof the construction
of the closed flow system with
the incorporation of metal or
plastic spheres as they become
available.

3. Initiation of experiments to
discover methods of visualizing
the flow patterns in the spher—
ical containers.

4. Continuation of the theoretical
considerations of the over-all
research program.
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