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HRP QUARTERLY PROGRESS REPORT

SUMMARY

PART I. HOMOGENEOUS REACTOR TEST

1. HRT Operations

Following the HRT tests with light water and
depleted uranium, the piping was leak-tested by
pressurizing to 500 psig with nitrogen containing
40 curies of Kr85. The roof of the shield was
sealed with a plastic cover, and the pressurized
system was allowed to stand for five days. Daily
samples of the confined shield volume were
checked for Kr85 activity. As a further leak test,
the pressure was partially relieved and helium was
injected to yield a 60% helium mixture in the
system at 512 psia. After an additional five-day
period, the cell volume and auxiliary piping were
checked for helium content. The reactor was found
to be leaktight to within 0.2 std cc/day.

The adsorption capacity of two charcoal beds
was tested and found satisfactory, completing the
experiments on the off-gas system. After checking
was complete on the beds and the reactor piping,
the reactor shield was reopened to allow final
insulating of the piping, inspection and repairs to
thermocouples and conduit, and reinstallation of
the fuel recombiner. The latter vessel now con

tains silver-coated stainless steel Yorkmesh in the
iodine-removal section, replacing the silver-
impregnated alumina pellets; these were found to
release sodium ions into the low-pressure system
when leached.

The shield was resealed, and 5879 lb of heavy
water was charged to the reactor. A precritical
inspection run at 1700 psi and 280°C, started on
December 14, was temporarily interrupted the next
day, to remove an obstruction from the inlet to the
purge pump of the fuel circulating pump. The run
was continued until December 20, for a total of
82 hr of operation. The reactor was cooled to
25°C in preparation for the initial critical test.

The HRT was charged with U 35 beginning
December 24, and was brought to criticality at a
temperature of 29°C on December 27. Following
shutdown, a trial installation and removal of the
core corrosion specimens was made, using dry,
direct maintenance techniques. Repairs to the

reactor-shield containment vessel reduced in-

leakage from 25 to /. cfm, with the cell evacuated
to 7.5 psia. The rest of the low-power critical ity
experiments, seven in all, were run from January 8
to January 11, to establish the temperature co
efficient of reactivity.

The remainder of the month was spent in leak-
testing the containment vessel; the helium leak
detector was used to scan the surface, and mer-
captan was used for a final odor test. After re
pairing all the leaks which could be located, the
total leakage was measured as 4.5 liters/min
with the cell at 30 psia. The normal operating
pressure is 7.5 psia.

Preparations for the initial critical test of the
HRT were completed on December 23. The two
installed fission chambers were supplemented by a
third chamber in the blanket thimble; the antimony-
beryllium source was suspended in the core thimble
at the center of the core.

After the reactor was filled with D_0 and pres
surized, 100 to 400 g of U increments of con
centrated fuel were added to the D.O in the dump
tanks and pumped into the high-pressure system,
which circulated continuously at 400 gpm. Fuel
injection began on December 24; in the afternoon
of December 27, the reactor began chain-reacting
at 29°C with a mass of 2060 g. With the source
completely removed, the fission rate rose with a
period of about 17 min, indicating a core temper
ature about 0.06°C below the critical temperature.

Seven subsequent experiments were conducted
with the fuel thimble removed and with the source

in the blanket thimble. The first of these was

conducted with the same fuel concentration as that

used in the initial critical test; removal of the
poisoning effect from the core thimble, however,
caused the reactor to attain critical ity at 65°C.
This temperature was approached by cooling the
reactor with water circulated through the heat ex
changer shells. The reactor temperature coefficient
was measured at seven temperatures between
25°C and 280°C by supplying steam to the shells
of the steam generators.



Samples taken during the experiments show
critical concentrations averaging 6% below the
calculated values. The reason for this discrepancy
is not yet established; however, further analyses
by the isotopic dilution method are in progress.

The observed critical concentrations agree well
with the predictions of Edlund and Wood, which
were based upon a harmonics calculation.

The carbon-steel transition strips between the
gal van ized-iron roof seal pans and the containment
cell walls were replaced by type 347 stainless
steel transition strips. After the pans were ground
to remove zinc from the edges, they were edge-
welded to the stainless steel strips. The reactor
cells were pressurized with air; many leaks were
found, several of which proved difficult to repair.
Macroexamination of sections removed from the

leaking joint revealed cracks located primarily in
the stainless steel base metal. The cracks

appeared to be the result of rapid intergranular
diffusion of zinc from the galvanized iron into the
stainless steel.

2. HRT Design

The design of facilities for the removal and
replacement of the core and blanket corrosion-
sample holders and the pressure-balancing-system
rupture-disk assembly was completed.

Recent tests in the flange test facility confirm
that a mismatch of as much as 0.010 in. between

the pitch diameters of ring-joint gaskets and flange
grooves is permissible for flanged joints in the
HRT.

3. HRT Component Development

The 400A-1 Westinghouse pump was used to
circulate 0.04 m U02S04 solution, saturated with
gas/ for 1585 hr. Localized pitting of stainless
steel parts in areas of high turbulence was ob
served and was attributed to erosion by bubbles.
Shaft-seal mixing rates were determined for the
400A-2 Westinghouse pump in which the motor
coolant was routed as in the 200A slurry pump,
which uses the lower radial bearing as a secondary
shaft seal. The measured mixing flow was 0.001
liter/hr at a purge flow of 7.3 liters/hr; the flow
for the best previous configuration was 0.003
liter/hr. However, the lower bearing was severely
damaged by overheating when the pump circulated
0.04 m U02S04 solution at 250°C. The HRT
mockup 300A pump, which had circulated 0.04 m

U02S04 for 5040 hr, was dismantled and found to
be in good condition.

Two failures in feed-pump components occurred
during the quarter. An old-style head, containing
a 0.019-in.-thick diaphragm protected by a 40-mesh
screen, suffered a diaphragm failure after 8997 hr
of operation. A fatigue failure of a butt weld in
one of the test-loop intermediate lines after 26 x
106 pressure cycles was attributed to a notch
caused by overpenetration of the weld bead.

Seven feed-pump heads continue to operate
satisfactorily on fuel solution; one has been
operating for 7389 hr, and two latest-style heads
have each been in service for 6520 hr.

Various surface treatments have had no signifi
cant effect on the endurance limit of type 347
stainless steel exposed to uranyl sulfate solution
as compared with the performance of sheet given
a standard ASTM No. 9 finish. Titanium was found

to have a very high endurance limit, which may
permit greatly increased capacity in a diaphragm
pump.

Testing of the secondary gasket to be used
when removing light water from a flanged-joint
during underwater reassembly showed that 90%
of the light water was removed by a 2-liter heavy
water flush.

The HRT mockup completed a 2210-hr run at
1700 psi and 280°C with a 0.042 m U02S04 so
lution containing 0.021 m H2S04 and 0.005 m
CuS04. The generalized corrosion rate was 1.3
mpy.

A second silver-plated wire-mesh bed, having a
density of 29 lb/ft3, was tested for iodine removal
efficiency, which was found to be 99.8% at 120°C.
A 650-hr stability test of another bed loaded with
20 g of iodine showed a loss of only one part in
4000 of the silver from the bed.

A small bypass stream was heated to 300°C in
a '/-in. stainless steel line for 1500 hr to test
scale buildup. A 0.03-in. deposit of a rusty red
scale formed.

The generalized corrosion rates of stressed
specimens exposed to stagnant solution for 2210 hr
were low, varying from 0.1 to 0.5 mpy with temper
atures from 50 to 280°C.

Fuel solution containing an excess of uranium
and a deficiency of free acid, due probably to the
presence of sodium and potassium from the iodine
removal tests, precipitated uranium and copper
when the pressurizer purge rate was high (about



13 gph), but the precipitate redissolved when the
purge flow rate was lowered.

4. HRT Controls and Instrumentation

Electric-signal differential-pressure transmitters
were tested and were installed in the leak-detection

system.

Spurious radiation signals were eliminated from
two fission-chamber channels, whose chambers are
in water-filled thimbles, by running the coaxial
signal cables in a plastic tube and by grounding
the amplifier rack directly to the thimbles.

Design was completed and construction was
begun on instrument panels to be used in con
junction with tests of the radiation resistance of
pump-stator-winding insulation.

A control-valve-stem position transmitter was
installed on the HRT mockup letdown valve to
observe performance. This transmitter was de
signed to withstand reactor-cell environmental
conditions.

A remote disconnect for metal-clad mineral-

insulated electrical cable was constructed.

The differential-expansion type of valve used to
meter oxygen into the reactor high-pressure system
was redesigned to utilize a tantalum plug (instead
of zirconium), thus eliminating the possibility of an
ignition reaction between the hot metal and the
oxygen gas.

A core-positioning device for differential trans
formers was fabricated to permit ready testing, for
sensitivity and range, of instruments utilizing this
type of motion-sensing element.

A television camera with associated control and

monitoring equipment was received and will be
used to aid reactor maintenance operations. A
camera small enough to go through a 2-in.-dia
opening was ordered for this system.

5. HRT Processing Plant

Leak rates from the piping system of the proc
essing plant were acceptably low after one leak in
an instrument pressure tap had been repaired.
Operation of all equipment in the hydroclone loop
was normal during the D20 run prior to the critical
experiments.

The cell closure was completed with the welding
of seal pans between the top roof plugs. Pre
liminary measurements of leakage through service-
line penetrations were made in preparation for the
over-all cell leak test.

The times required for Kr tracer activity to
break through the charcoal beds were determined.
Individual beds varied slightly, but all should
provide sufficient holdup to maintain acceptable
activity levels in the reactor off-gas streams at
oxygen flows several times the design rate.

The design of the loading-pit facility and carrier
for transferring waste solution to the Thorex Pilot
Plant was completed.

PART II. REACTOR DESIGN, RESEARCH,

AND ANALYSIS

6. HRE-3 Design

The blanket low-pressure system and the tabu
lation of preliminary HRE-3 design data have been
revised. Proposed process designs of the core and
blanket dump systems, the letdown system, the
reactor pressurization system, and the iodine re
moval system have been completed.

7. Research and Analysis

The effect of the value of 77 in the resonance
region upon the breeding ratio in thorium breeder
reactors was studied by means of multigroup
calculations. It was found that resonance fissions

contribute about 10 to 40% of the total fission in

reactors containing from 0 to 300 g of Th per liter
in the core region. If 77 3 in the resonance region
were 0.9 of its value in the thermal region, the
breeding ratio in solution-core reactors would be
about 0.02 lower than if 77 were independent of
energy and equal to its thermal value.

Time-dependent studies of slurry-core, slurry-
blanket thorium breeder reactors generating about
60 thermal megawatts indicate that the core poison
fraction is the major variable affecting the breed
ing ratio. With a core thorium concentration of
100 g/liter, a period of 700 days following startup
is required before the core poison fraction reaches
7%, while the corresponding time is 1360 days
when the core thorium concentration is 200 g/liter.
A period of about 800 days is required before the
U concentration in the blanket reaches 3 g/liter.

Revised calculations were performed to determine
the heat generation rates in the HRE-3 core vessel.
Values obtained with a core power of 50 Mw were
about 10.5, 9.4, and 9.0 w/cc, respectively, for
the cases of a D20 blanket and blankets con
taining 500 and 1000 g of Th per liter.



Digestion of freshly precipitated thorium oxalate
before filtration and firing resulted in thorium
oxide particles which were resistant to degradation.
The cake resuspension index of thoria prepared
from digested precipitates was lower than that of
thoria prepared similarly but without digestion.
The addition of sodium aluminate to a flocculated
slurry reduced the yield stress significantly.
The effect of the sodium aluminate was not altered

by autoclaving at 280°C.
Laminar heat transfer measurements with aqueous

thorium oxide slurries indicate that the corre

sponding heat transfer coefficients are greater
than the conventional Newtonian-fluid coefficients

by a factor of

1+ (gcryD/2A-nv) ]1/3

It was demonstrated that a hydroclone can be
used to effect a size classification of thoria

particles. After the second pass, 98 wt % of the
material contained in the overflow from the hydro-
clone was less than 2 /x in diameter, whereas 65
wt % of the original material was less than 2 \i
in diameter.

8. HRE-3 Instrumentation and Controls

System Design

A conceptual one-line diagram of the HRE-3
plant power distribution system was made, and the
proposed bus loads were tabulated. The plant
distribution voltage was indicated, and proposed
d-c emergency and control power supplies were
shown.

A layout of the electrical equipment in a special
room was made in order to indicate the building
space that would be necessary if all the equipment
were to be grouped.

Proposed layouts of the main control room to
house the reactor operating controls and instru
ments and of an auxiliary instrument room for
data-collecting instruments, transducers, amplifiers,
etc., were also made.

PART III. ENGINEERING DEVELOPMENT

9. Development of Fuel-System Components

The reconstructed high-pressure recombiner
loop was operated for 500 hr at 600 psi and temper
atures up to 500°C before failure of welds in the
boiler necessitated termination. Specimens of

crystal-bar zirconium disintegrated in the super
heated vapor, while Zircaloy-2 was not attacked.

The 20-cfm blower, after 428 hr of operation
with 2-g/liter Th02 slurry as bearing fluid, suffered
no measurable bearing wear.

It was determined from tests conducted on the

4000-gpm Byron Jackson pump that the external
heat exchanger is necessary to prevent motor
overheating. It was also found that purge rates of
60 to 150 liters/hr are adequate for maintaining an
acceptably low mixing flow between motor fluid and
pump fluid.

Preliminary hydraulic and electrical design of
the Reliance 6000-gpm pump was completed.
Three small test stators which simulate the in

sulating systems in the HRT pumps and in the
Reliance pump were received for radiation testing.

An order was placed for a three-stage high-
pressure oxygen compressor rated at 2-scfm de
livery.

Excessive wear in the Stellite-piston pump re
sulted in its being eliminated from further con
sideration. A diaphragm head containing 20-^i
Poroloy screens has operated satisfactorily for
476 hr. A double-diaphragm feed pump was built
and operated for 500 hr.

Palladium, tungsten carbide flame-coated on
type 347 stainless steel, Allegheny Ludlum AM-
355 stainless steel, and gold dump-valve trims
were tested. Only the gold trim, which maintained
its integrity after 2000 dumps, was satisfactory.

Test pieces of titanium-lined S/i-in. and 20-in.
carbon-steel pipe suffered weld failures during
hydrostatic testing. A second length of extruded
3'/2-in. A-110AT titanium pipe has been completed,
except for boring the interior. One cap for this
pipe has been fabricated.

An all-titanium letdown heat exchanger was con
structed for the HRT mockup and was installed
by use of titanium-stainless steel ring-joint
transition flanges.

Testing of the titanium-to-stainless-steel tran
sition joint and of type 347 stainless steel ring-
joint flanges revealed that leakage is not affected
by elimination of the bolt ferrules.

Several austenitic materials are being investi
gated for use as bolting materials in fuel solutions.

The thermal-cycle facility was operated, with a
large autoclave being used as a test piece. The
experimental cycles fall within the specified limits
of the cycle proposed for the HRT spare heat ex
changer.



Two tube bundles were examined after 2700 hr

of thermal cycling in 200°C boiler water con
taining 50 ppm CI- and 10-25 ppm 02 and showed
no evidence of cracking.

Contract negotiations for the fabrication of heat
exchangers for the heat exchanger test facility are
nearing completion. Delivery is expected in the
fall of 1958.

Boiling HRT fuel solution has had no deleterious
effects on a titanium container after 1200 hr at

1500 psi and 313°C.
Testing of a jet eductor as a contactor indicated

an efficiency of 60% at design flow, with the
efficiency falling rapidly as the flow was de
creased.

Preliminary measurement of the heat transfer
rate between the core wall and the circulating
fluid in a 4-ft-dia core indicated a forced con

vection heat transfer coefficient in excess of

2000 Btu/hr/ft2/°F at a flow of 6000 gpm.
The 300A slurry loop is nearing completion. A

full-scale glass model of the loop demonstrated that
no undesirable vortices or stagnant regions will
exist in the pressurizer if a net downward flow is
maintained. Downward flows greater than 0.13 fps
resulted in gas bubbles being carried into the main
loop stream.

A slurry feed-pump head is being constructed
with a recessed chamber on the slurry side into
which the diaphragm will never bottom. Another
system employing remotely located check valves
connected to a standard diaphragm head by a
vertical leg is being constructed. A facility which
will supply well-agitated, constant-concentration
slurry to the suctions of test feed pumps has been
designed.

Check-valve seats of type 347 stainless steel
and Stellite No. 1 and balls of Srellite Star J

failed quickly in 200 g of Th per liter, 1600°C-
fired slurry. Kennametal K501 appears to be the
best material for balls and seats tested to date.

A sintered stainless steel filter, a settling tank
device, and a continuous centrifuge are under in
vestigation as means of providing purge water for
slurry systems.

Design and fabrication of a 30-in. model of the
HRE-3 blanket was initiated. The model will in

corporate an internal jet eductor to increase the
apparent throughput.

A slurry dump-tank-evaporator model is being
constructed. Itwill contain a steam coil surrounded

bya perforated draft tube to provide slurry agitation.
Foaming and dehydration of slurry will be investi
gated.

10. Development of Reactor Slurry Systems

Slurry and water were circulated in the 100- and
200-gpm loops for more than 4103 hr during the
quarter. Run 200A-14, to determine the degradation
characteristics of 1600°C-fired oxide, was termi
nated after 3787 hr at 300°C and 2000 psig. The
mean particle size decreased during the run from
2.5 /z to 1.8 \u However, the nitrogen adsorption
surface area remained constant at 1.6 m2/g, and
the generalized corrosion rate stayed at 1.2 mpy.
The slurry was easily removed, and no cakes or
films were found. The pump scroll liner was
heavily eroded near the seal rings, but the other
parts of the pump showed surprisingly little wear.

A thrust bearing designed for the Westinghouse
100A pump operated satisfactorily on water but
failed during a test with 1200°C-fired spheres
of thoria. After modification of operating tech
niques, a 384-hr test with slurry was successful.

Seven runs were made in the 100-gpm loops to
determine the effect of additives on the caking and
sphere-forming tendencies of 800°C-fired oxide.
Apparently the presence of ]/2 wt %of uranium (as
U03.H20), 1.16 mole %Mo03, or 2500 ppm sulfate
[as Th(S04)2], singly or combined, is sufficient to
prevent the formation of spheres or cakes in a
slurry which has been observed to form cakes and
spheres without additives.

Blanket run SM-4 was terminated on schedule
after 2400 hr of operation. The pump was operated
at various frequencies from 42 to 60 cycles, and
the system contained a charged concentration of
up to 720 g of Th per kg of H20 at 200°C. Only
once was the circulating concentration as high as
the charged concentration, and generally it was
30 to 80 kg lower at 60 cycles. At the lower
frequencies the discrepancy was much greater.

At charged concentrations above 500 g of Th per
kg of H20, pressure control became difficult
owing to accumulation of dense thoria masses in
the pressurizer.

Two uranium additions were made in order to
trace the interchange of slurry between the circu
lating stream and the blanket contents. These
additions confirmed previous indications that
stagnant thoria existed in the bottom of the blanket,
on top of the core vessel, and in the pressurizer.

VII



Steam spargers were used to keep the thoria in
suspension during dumping, and nearly all the
thoria flowed out of the blanket into the dump
tanks. The remainder was easily washed out by
successive water rinses.

The vessel interior showed a few badly eroded
areas in regions of high free-stream velocities and
flow separation. The stainless steel weld pads
laid down in front of the inlet nozzles were not

appreciably attacked.
The pump was found to be in generally good

condition. The titanium impeller showed only
slight attack at flow-separation regions. A wear
ring (or sleeve) of uniform inside diameter, rather
than a labyrinth, was installed for this run, and
this design appears to be advantageous.

The conclusions reached during run SM-4 are as
follows:

1. Completely uniform thoria suspension was
probably not achieved under any conditions, and
there were stagnant regions within the vessel.

2. At concentrations above about 500 g of Th
per kg of H20, there was a tendency for massive
thoria to accumulate in the pressurizer.

3. At comparable conditions of flow and temper
ature, the suspension achieved with the 1 /--in.
inlet nozzles appeared to be better than that
achieved with the 2-in. HRT nozzles.

4. Steam or gas sparging is required to maintain
the slurry in suspension during dumping operations.

11. Instrument and Valve Development

Two test bobbins were wound with 30-gage
anodized aluminum wire, thus simulating the
windings used in differential transformers for
sensing primary-element motions. These were
exposed to 6 x 10 fast neutrons per square
centimeter and 1 x 10 r of gamma radiation in the
ORNL Graphite Reactor without insulation failure.

A long-lived silicon-junction rectifier was tested
satisfactorily as a replacement for a thermionic
vacuum-tube type of rectifier utilized in an in
strument much used in HRP systems.

An alarm-scanner for process-variable instru
ments, which is capable of continuously scanning
14 variables, one per second, was placed in
checkout service on simulated signals.

Two airborne-alpha-contamination monitors of
the automatic sample-taking type were constructed
and have proved reliable in operation.

Operation of the valve test loop was transferred
to the Component Development Section after 4776

hr of operation. The most satisfactory plugs found
during this operation were Armco 17-4 PH and
gold-gasketed type 347 stainless steel.

A prototype pneumatic actuator for large valves
was built; it utilizes two pneumatically powered
bellows in a tandem yoke with opposing springs.
Each bellows has an effective area of 123 in.

and a pressure rating of 100 psi.
Gold plating to increase the corrosion resistance

of the stainless steel bellows used for control-

valve stem seals was not satisfactory.
A 2-in. valve especially constructed for slurry

use, incorporating a long-radius-bend body con
figuration, a Colmonoy hard-faced stem, and
tungsten carbide trim, was received for installation
in a slurry loop.

Stellite No. 6 plugs and Armco 17-4 PH seats
were severely eroded, one after intermittent usage
totaling 31 hr in slurry sampling, the other after
intermittent usage totaling 10 hr in slurry sampling
and feeding.

PART IV. REACTOR MATERIALS RESEARCH

12. Solution Corrosion

The corrosion rate of carbon steel in boiler water

containing various concentrations of oxygen has
been determined. Average corrosion rates of 4,
12, and 22 mpy were observed during 200-hr tests
at 300°C with oxygen concentrations of <0.1,
2, and 10 ppm, respectively. In addition, pitting
was observed; so the rate of penetration at some
localized areas was greater than the values shown.

The corrosion resistance of a number of alloys
was determined in 0.17 m U02SO. at temperatures
of 200, 250, and 295°C. Types 430, 431, 446,
AM-350, and Croloy 16-1 stainless steels; Incoloy;
Carpenter alloys 10, 20, and 20Cb; CD4MCu;
Hastelloy R-235; Multimet; and Timken 16-25-6
showed corrosion resistance comparable with that
of type 347 stainless steel. Nionel, types 414
and 1515 N stainless steel, Hastelloys B, C, and
X, andHaynes25 showed lower corrosion resistance
than type 347 stainless steel.

Dynamic loop tests showed that increasing the
copper to 0.03 m or decreasing the uranium con
centration to 0.02 m in the HRT core solution

(0.04 mU02S04, 0.02 mH2S04, and 0.005m CuS04)
had no measurable effect on the stability or
corrosiveness of the solution.



Additional loop runs with UO,-Li2CO,-C02
solution have confirmed previous data with regard
to its nonaggressive nature to carbon steel. How
ever, tests in the temperature range of 250 to 300°C
have demonstrated the low solubility of uranium at
the higher temperatures. For example, at temper
atures between 265 and 280°C less than 1 g of
uranium per liter remained in the solution.

It was demonstrated that protective films formed
in 0.04 m UO2SO4-0.04 m BeSO4-0.005 mCuS04
solutions at 200 to 250°C and that the solution

was stable. The same solution was not com

pletely stable at 300°C. Copper and uranium did
not appear to be lost from solution, but beryllium
was. However, on lowering the loop temperature
to 200°C, the beryllium redissolved.

During an attempt to force a piece of Teflon
from a titanium loop with 175 psig oxygen, a fire
developed and a portion of the titanium nipple in
which the Teflon was lodged was consumed.

Stress-corrosion cracking tests in boiling HRT
core solution containing chloride ions have shown
that the uranyl ion is the most important ion
(exceptchloride) in making the solution an effective
stress corrodent. Other tests have shown that if

the stress specimens are exposed for periods
as short as 50 hr in the chloride-free HRT solution

(100°C) and then exposed to the same solution
containing chloride ions, cracking will not occur
during times in which cracking occurs in the
absence of the pretreatment.

Stress-corrosion specimens tested in boiling
water containing 25 to 500 ppm chloride have not
shown evidence of cracking after 3000 hr. How
ever, when the same test was carried out in an

autoclave pressurized with 150 psi oxygen, seven
of eight specimens developed cracks during 400 hr.
Other tests in chloride-containing water at 300°C
have shown that films formed by pretreatment are of
little, if any, value in reducing cracking under the
conditions of test.

All the austenitic stainless steels tested, ex
cept 309 SCb, developed cracks in chloride-
containing water in less than 300 hr at 300°C.
Only in one case did Incoloy develop a crack, and
in no case did Nionel or Croloy 16-1 crack.

Static corrosion tests have shown that carbon

steel plated with nickel by a nonelectrolytic
process has good corrosion resistance to water
under various pH conditions at 300°C.

In static uranyl sulfate solutions Incoloy has
shown a general corrosion resistance similar to
that of type 347 stainless steel and a lesser
susceptibility to cracking in the presence of
chloride. Type AM-350 stainless steel showed
good corrosion resistance to uranyl sulfate so
lutions at 100 and 300°C, but its corrosion re
sistance was poorer at 200°C. Type 202 stainless
steel in the annealed condition was as corrosion

resistant as type 347 stainless steel in all tests
to which it was subjected. However, in the sensi
tized condition it was seriously attacked by
boiling HRT core solution.

Stellites 1 and 3 and Rexalloy 33 corroded at
rates between 0.5 and 1.3 mpy in boiling (100°C)
HRT core solution. Under the same conditions

Stellite 98M2 corroded at a rate of 5 mpy.

13. Slurry Corrosion

The extenuation of the erosive characteristics

of thoria as a result of the removal of large par
ticles by sedimentation classification has been
demonstrated in loop experiments. In tests at
200°C and with approximately 500 g of Th per
kg of H20, 1600°C-calcined thoria prepared by jet
precipitation or batch precipitation at 25°C was
circulated. These tests resulted in high erosive
attack, attributed to large-diameter particles
(sinters), which did not degrade appreciably during
circulation. The jet-precipitated, 1600°C-calcined
thoria was classified by sedimentation to remove
the large particles. In a subsequent test at 280°C
at a concentration of 323 g of Th per kg of H_0,
the corrosion-erosion rates were low and the slurry
handling properties were satisfactory.

Type 347 stainless steel, Zircaloy-3A, and
titanium 75A exhibited moderate attack rates in

tests with oxygenated slurries of 1600- and 1800°C-
fired thoria prepared from jet-precipitated thorium
oxalate at a concentration of 1000 g of Th per kg
of HjO; however, the 1800°C-calcined thoria was
markedly degraded during 300 hr of circulation.

In toroid tests made to study the effect of
operating temperature, atmosphere, and thoria
calcination temperature on the corrosion-erosion
attack by circulating slurries, generally higher
attack rates of selected alloys occurred with
hydrogenated slurries than with oxygenated slurries.
In hydrogenated tests the attack on type 347 stain
less steel increased with increased circulation

temperature.

IX



Titanium and zirconium alloys displayed higher
corrosion rates in hydrogenated slurries at 150°C
than at 100 or 200°C. Postrun properties of some
slurries were changed as a result of varying
operating temperatures.

In toroid tests, experimental preparations of arc-
fired and flame-fired thoria produced high metal
attack rates and were degraded during circulation
at 250 and 280°C at slurry concentrations of
1000 g of Th per kg of H20. Similarly, Th02-CaO
mixed oxides fired at 1700 and 1800°C were readily
degraded during circulation at 250°C with atten
dant high metal attack rates.

Generally, low attack rates were observed with
oxygenated slurries of experimental preparations
of silica-coated thoria at 280°C. After circulation

the slurries were well dispersed and fluid.
In the first of a series of in-pi le rocking-autoclave

slurry corrosion experiments, a thoria slurry con
taining 1000 g of Th per kg of D,0 was irradiated
for 261 hr in the LITR HB-6 rocking-autoclave
facilityat280°C under 800 psi oxygen inaZircaloy-
2 autoclave. A parallel out-of-pile experiment
lasting 480 hr was made. Both experiments ex
hibited the same initial corrosion rate of approxi
mately 1 mpy as estimated from pressure measure
ments. The out-of-pile experiment exhibited a
slower rate in the latter part of the run.

Development work on an in-pi le toroid rotator
continued. A new single-arm model was designed
and fabricated for test evaluation as a result of

excessive wear in the universal joint of the double-
arm model previously tested. Work on the in-pi le
toroid rotator was curtailed during this quarter
because of increased effort on the HRT core and

blanket corrosion specimen assemblies.
During the past quarter, development work was

resumed on a 5-gpm in-pi le slurry loop. An experi
mental loop has accumulated 680 hr of operating
time circulating a thorium oxide slurry at a con
centration of 500 g of Th per kg of H20 at 250°C.
The improved operation of the loop over that ex
perienced in previous tests, last reported in the
quarterly progress report for the period ending
October 31, 1956, is attributed in large part to the
improved handling properties of the recently avail
able thorium oxide of small particle size calcined
at 1600°C.

A standard ORNL 5-gpm in-pile-type pump such
as is used in the loop described above has been
under test, pumping a thorium oxide slurry without

the use of a water purge to the pump bearing
region. The pump is equipped with aluminum
oxide bearings and journal bushings. No radial-
bearing wear or operating difficulty was noted
after 550 hr of operation at 40°C circulating a
thorium oxide slurry of 0.7 /z mean particle di
ameter, calcined at 1600°C, at a concentration of
500 g of Th per kg of H20. There was some
thrust-bearing wear.

14. Radiation Corrosion

During an out-of-pile test, the pump in loop
L-4-21 (now designated L-2-21) was damaged by a
coupon which became dislodged from the core
holder. The loop, which was initially scheduled
for insertion in beam hole HB-4, was modified and
reassembled with a new pump and is now ready for
operation at the higher flux installation in beam
holeHB-2atthe LITR.

With the exception of metallographic examination,
stainless steel loop experiment L-2-17 has been
completed. This experiment employed a light-
water solution, which was 0.04 m U02S04 (en
riched), 0.025 mH2S04, and 0.005 mCuS04. The
main-stream and pressurizer temperatures were
300 and 315°C, respectively. No evidence of
solution instability during the experiment was
observed. The over-all corrosion rate of stainless

steel based on oxygen consumption was 0.8 mpy.
A material balance of Fe, Cr, Ni, and Zr was

attempted, with the results of analyses of scale
from low-power-density regions being used to
gether with the results of oxygen, nickel, and
weight measurements in this experiment. The
results indicate that nearly all the zirconium which
was oxidized in the core was transported to portions
of the loop outside the core.

The corrosion rate of Zircaloy-2 at a given
solution power density in L-2-17 appears to be in
approximate agreement with that observed in the
280°C experiment, L-2-10. In both experiments
the corrosion rates of the core annulus specimens
were higher than those at the same solution power
density in the high-velocity core channels. Anal
yses of a channel and an annulus Zircaloy-2 speci
men from the L-2-17 core revealed the presence of
uranium sorbed on the surfaces in amounts which

are considered significant. The amount of uranium
per unit area found on the core annulus specimen
was about the same as the amount in a 30-it layer



of solution adjacent to the specimen. Calculations
indicate that, in this case, about 80% of the fission-
fragment recoil energy reaching the specimen
surface originated in the sorbed surface uranium.
Analysis of the specimen from the high-velocity
core channel showed an amount of sorbed uranium
which is a factor of 4 lower than that found on the

annulus specimen. These results are consistent
with the interpretation that uranium sorbed on the
surface is responsible for an appreciable fraction
of the total corrosion attack of a Zircaloy-2 speci
men under irradiation.

The corrosion rate of type 347 stainless steel
in L-2-17 was higher than that observed in experi
ment L-2-10 at a given power density.

Three autoclave experiments were assembled
and operated in the HB-5 facility of the LITR during
the past quarter. On the basis of these three
experiments it appears that the galling and wear
of the fixed-plug-hole liner have been eliminated
by the installation of Oilite bronze bearings and
a nose bearing. No solution autoclaves were
operated in the HB-6 facility of the LITR during
the past quarter; the HB-6 equipment is now being
used for radiation-corrosion studies with thorium

oxide slurries.

Values reported previously for the neutron flux
in the LITR facility HB-5 have been revised. In
one experiment, thermal-flux values determined
from the induced activity in zirconium are about
30% greater than those determined from cobalt
mon i tors.

Six experiments have included zirconium-15%
niobium or zirconium —15% niobium—1.5% tin alloy
specimens. The scale on niobium-alloy specimens
contains about an order of magnitude less uranium
than the scale on Zircaloy-2. Addition of Li2S04
to uranyl sulfate solutions did not substantially
alter the corrosion rate of niobium-alloy speci
mens. Pure niobium has been exposed twice. In
both cases niobium scale contained about an order
of magnitude more uranium than scales on Zircaloy-
2, and the niobium corrosion rate was little affected
by Li2S04.

Zircaloy-2 corrosion data from seven autoclaves
are reported. Data from two experiments which
included Li2S04 are included. Corrosion inhibition
by Li2S04 in 0.17 mU02S04 at 280°C was veri
fied. However, the Li2S04 addition appears to have
little effect on the corrosion rate at 250°C. The
degree of inhibition by Li2S04 in a 0.04 mU02S04

solution at 280°C is uncertain, but appears to be
less than that in the 0.17 m U02S04. The scale
from the 0.04 m U02S04 experiment contained
less uranium than would be expected without the
Li2S04 additive. The scale from the 0.17 m
U0,S04 experiment contained about the amount of
uranium that would be expected without the Li2S04«

Stainless steel specimens were irradiated for
45 hr with Van de Graaff electrons. The speci
mens were contained in a thermal siphon loop and
exposed to a uranyl sulfate solution at 280°C.
No significant effect of the irradiation on the
corrosion of the steel was observed.

Test-specimen assemblies to be used in obtaining
radiation-corrosion and mechanical-property in
formation during operation of the HRT were fabri
cated, and one assembly, containing 24 speci
mens, was installed in the HRT blanket region.
The other assembly will be installed in the core
region.

15. Metallurgy

The quench-and-reheat transformation data ob
tained on the ternary Zr-Nb-X alloys and on the
binary Zr-Nb alloys over the range of compositions
and temperatures of interest to the alloy develop
ment program have shown that future investigations
should be concentrated on the ternary alloys
Zr-15Nb-X and Zr-20Nb-X, with X = 2% Mo, 5%
Mo, 2% Pd, and 5% Pd, because of their trans
formation, oxidation, and corrosion characteristics.
Small-scale investigations of the Zr-Pd and Zr-Pt
systems will be continued because of their apparent
corrosion resistance to the fuel solutions in-pile.

Oxidation data, in air at 600 and 700°C, have
been obtained on most of the binary and ternary
alloys investigated in the alloy development
program. The ternary alloys Zr-15Nb-5Pd, Zr-
lSNb-^Cu, and Zr-15Nb-5Mo had oxidation re
sistance better than Zircaloy-2 at both 600 and
700°C but not so good as that of iodide zirconium.
All the other alloys tested had poorer oxidation
resistance to air than Zircaloy-2.

Metallographic experiments have been performed
to examine and identify the hydride layer formed
on the surface of Zircaloy-2 specimens hydrided
to 100 and 500 ppm H2 at 400°C. Identification
was successful for the 500 ppm H2 specimen but
was doubtful for the 100 ppm H2 specimen. De
velopment of procedures for the preservation of the
edge of mounted specimens is continuing.



With high-purity unalloyed titanium, a trough
occurs in the impact curve in the temperature
region of 250°C. It has been shown that this re
duction is not caused by a simple aging phenomenon.

With unalloyed titanium, contaminated with
hydrogen, a transition from a ductile to a brittle
fracture occurs over a relatively narrow temper
ature range. This range seems to coincide with the
range in which the hydrides are going into so
lution.

Optimistic results are presented on the develop
ment of tungsten inert-gas arc-welding methods
suitable for air welding of Zircaloy-2 and the
alpha titanium alloy A-110AT. Such welds can
be made with conventional welding equipment.

Investigations have been started into develop
ment of a reliable ultrasonic inspection for stain
less steel welds. Progress has been made in
eliminating spurious indications from high or
irregular cover and root beads.

The fracture path in irradiated impact specimens
made of cold-worked iron has been observed to
occur on two successive planes 90 deg apart.
This unusual behavior is attributed to the joint
effect of preferred orientation and radiation em-
brittlement.

The irradiation-induced transition-temperature

shift in subcritically annealed iron was found to
be 225°F for an irradiation of less than 1019
fast neutrons/cm .

PART V. CHEMICAL ENGINEERING

DEVELOPMENT

16. Uranyl Sulfate Fuel Processing

Accumulation of solids on type 347 stainless
steel pins in contact with agitated slurries of
simulated HRT corrosion-product solids at 25—
100°C has been generally limited to an equilibrium
value of 10 to 50 itg/cm2. The maximum deposit,
1 mg/cm2, corresponds to a deposit thickness of
0.05 mil.

Iodine absorbed on silvered Yorkmesh was not

removed by various wet and dry thermal-cycling
treatments up to 400°C or by heating to 600°C.
Diffusion of absorbed iodine into the mass of the
silver appeared to limit the rate of iodine ab
sorption, a characteristic not observed with silvered
alundum.

17. Gaseous Fission-Product Disposal

Adsorption of iodine from a flowing gas stream
by charcoal appeared irreversible, but a very
slow movement on a bed of molecular-sieve ma

terial was noted. Equilibrium adsorption data for
krypton on various molecular-sieve materials did
not agree with data obtained in a dynamic system.
Xenon is adsorbed 11 to 12 times more strongly
than krypton on the adsorbents studied.

18. Uranyl Sulfate Blanket Processing

The results of four runs with plutonium in 1.4 m
U02S04 at 250°C under 350-400 psi of oxygen in
the P-l loop were similar to those obtained pre
viously with zirconium. When dissolved plutonyl
sulfate was injected into circulating 1.4 mU02S04
at 250°C, most of it stayed in solution until the
concentration exceeded 100 mg of Pu per kg of
H.O. At higher concentrations the plutonium was
rapidly removed from solution by adsorption on the
stainless steel. Less than 1% was removed as

solids by the hydroclone. When 850 mg of plu
tonium as preformed Pu02 was injected, 20% was
removed by the hydroclone, 35% was adsorbed on
the stainless steel, and the rest was distributed
throughout horizontal sections of the loop as loose
solids.

Plutonium adsorption on stainless steel from
1.4 m U0,S04 containing plutonium at a concen
tration of 2 mg per kg of H20 was about 0.0004
itg/cm /hr during a 110-hr run. In a 180-hr run,
in which the plutonium concentration was gradually
increased from 2 to 75 mg per kg of H20, plu
tonium adsorption on type 347 stainless steel
averaged 0.005 itg/cm /hr. Adsorption was up to
300 ttg/cm when plutonium concentrations were
increased to > 100mg per kg of H20, and the amount
adsorbed depended on the amount of plutonium
added. Total adsorptions of up to 1 mg/cm were
obtained. Even preformed Pu02 was strongly
adsorbed.

The hydroclone was apparently effective in re
moving solids that reached it, but only small
amounts of solids actually reached the hydroclone.
Less than 1% of the total corrosion products (de
termined by nickel analysis) was removed as
solids by the hydroclone.

Static laboratory tests indicated that the ad
dition of 0.5 mH2S04 to the usual 1.4 mU02S04
solution decreased the adsorption of plutonium on



titanium and Zircaloy-2 to 10% of the value for
neutral solutions under the same conditions.

19. Thorium Oxide Slurry Development

A slurry of 1600°C-fired thorium oxide in D,0
(~750 g of Th per kg of D20) was irradiated for
212 hr in the LITR at 300°C without difficulty.
In a slurry (500 g of Th per liter) of Dri-film-
coated thorium oxide in diphenyl that was being
irradiated at 300°C in the LITR, the autoclave
stirrer ceased to operate after four days, pre
sumably as the result of a radiation-induced
viscosity increase. The silicate-stabilized
Davison thoria sol broke to a slow-settling slurry
while under irradiation at 200°C in the LITR.

More than 80% of the fission-product and protac
tinium activities were found in the supernatant of
the recovered slurry. Gas production rates and
equilibrium pressures in irradiated slurries of
thorium-uranium oxide fired at 650 and 900°C

showed no effect of firing temperature.
In out-of-pile studies, slurries of a simple mix

ture of 1600°C-fired thorium oxide and U03>H20
and of 1600°C-fired thorium-uranium oxide prepared
from the coprecipitated oxalates containing MoO,
at concentrations 0.05 m and above both gave gas
combination rates far in excess of those required
in a TBR blanket.

The effects of the chemical and physical vari
ables of the batch oxalate precipitation step on
the production of sized thorium oxide are being
evaluated. The average particle size of the oxide
products decreased with decreasing precipitation
temperature and increasing reagent concentration.
Products of more uniform particle size were pro
duced at lower precipitation temperatures. The
fraction of oversize particles decreased with in
creasing stirring rate and reagent addition rate.
Well-digested and more uniform materials appeared
to give less clinker formation on high firing.

A Tolhurst basket centrifuge was tested on
thorium oxide and thorium oxalate and was de

livered to the Pilot Plant Section for interim use.

Evaluation of alternative precipitation, classifi
cation, and centrifugation equipment for use in a
pilot plant production facility is continuing. The
procedure for flame calcination of thorium oxide
in quantities sufficient for loop tests will utilize
an alcohol slurry feed to an aspirating nozzle and
a product collection system consisting of a spray
column and a bag filter.

The thorium oxide production facility was modi
fied to permit preparation of 750 lb/month of
thorium oxide of about 1 \i average particle size
calcined at 1600°C. A capacity of 1500 lb/month
is anticipated. About 550 lb of 1600°C-calcined
oxide, classified to less than 5 it and to about
1 fi average size, was produced.

The effect of length/diameter ratio on the hindered
settling rate in vertical cylinders of slurries of
800- and 1600°C-fired thorium oxide in water at

thorium concentrations of 200, 400, and 700 g
per kg of H20 was not discernible at L/D ratios
less than 10. In general, the 1600°C-fired oxide
gave more reproducible results than the 800°C-
fired oxide.

Oxide products produced by the 650°C firing of
a thorium oxalate precipitated in the presence of
cellulose were more bulky than the normal products;
they had lower surface areas, but similar x-ray
crystallite sizes.

A pronounced induction period for thorium oxalate
precipitation was obtained in the presence of
5 M excess nitric acid (0.1 M thorium nitrate,
0.22 M oxalic acid). Despite the induction period,
oxalate precipitation appeared essentially com
plete.

Thorium nitrate solution by itself and with
H2S04, H2Si03, AI(N03)3, Pb(N03)2, or Na4P207
additives (at mole ratios of added oxide to thorium
oxide in the final product ranging from 0.005
to 1) was evaporated under a heat lamp and cal
cined at 650^. None of the final products ap
peared to be acceptable slurry materials.

The adsorption potential of carbon dioxide on
thoria varied linearly with surface coverage. Two
kinds of surface sites were involved below 200°C,
but only one above that temperature. Desorption
curves "indicated a variation of activation energy
or adsorption potential with surface coverage.

Studies on the adsorption of sulfuric acid from
aqueous solution indicated that for each surface
site four hydrogen ions and two sulfate ions dis
appear from solution. Infrared absorption studies
with the recovered solids showed that the adsorbed

sulfate can be determined by this means. The
data correlated directly with the data from chemical
analyses.

Approximately 50 kg of thoria microspheres
(1000°C fired) classified into <3 it, 3-30 ft, and
30—50 it fractions is being prepared.
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20. In-Pile Slurry Loop

The design of the ORR installation for the in-
pile slurry loop is approximately 65% complete,
based on the original project concept. The major
items of design required for installation at the
reactor are approximately 90% complete; these
items include the five shielded equipment chambers,
the special reactor plug, the shield door and
shutter, and other miscellaneous equipment. The
various shielded carriers and handling tools which
do not require installation are approximately 50%
complete.

PART VI. SUPPORTING CHEMICAL RESEARCH

21. Aqueous Systems at Elevated Temperatures

The rates of the copper-catalyzed deuterium-
oxygen reactions were measured in heavy-water
solutions whose compositions were approximately
the same as the composition of the HRT fuel
solution. Reaction parameters, including the com
bined effects of intrinsic solution activity and the
distribution of deuterium between the vapor and

solution phases, were determined at 250, 275, and
300°C. The combined parameters are directly
proportional to the copper concentration, and their
temperature dependence corresponds to approxi
mately a 24-kcal activation energy.

PART VII. ANALYTICAL CHEMISTRY

22. Analytical Chemistry

A sensitive spectrophotometric method was de
vised for the determination of titanium in slurries

of thorium oxide. A polarographic method was
applied to the determination of microgram quantities
of uranium in samples of thorium oxide slurry. A
gamma-counting procedure was used successfully
in determining thorium in fractions of thorium oxide
slurries.

A procedure was devised for the flame-photometric
determination of microgram quantities of silver in
uranyl sulfate solutions. A pyrolytic separation
method for the removal of ruthenium from materials

containing salts of this element was applied
successfully for the removal of milligram quantities
of ruthenium metal from stainless steel parts.
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1.1 REACTOR OPERATIONS

After successful performance testing of the HRT
with light water and natural uranium, the system
was thoroughly drained and final leak-testing of the
reactor piping was begun. Forty curies of Kr85
were injected into the system in small increments
while pressurizing to 500 psig with nitrogen. The
reactor shield was sealed by inserting the roof
plugs and covering them with a plastic sheet.
The pressurized assembly then was allowed to
stand for five days, with the space-cooler fans
running to mix the atmosphere inside the shield.
Daily air samples drawn from inside the shield
were analyzed for krypton activity, using the method
previously proposed; however, difficulties in
purification of the samples during their preparation
for counting rendered the results inconclusive.
Samples were then withdrawn from the volumes
under test and compressed into gas cylinders for
storage, pending refinement of the analytical
method; and a portion of the krypton-bearing gas
was bled from the piping and replaced with helium,
to provide a 60% helium concentration in the
reactor at 512 psia total pressure. The system
again was allowed to stand undisturbed for a five-
day interval, following which samples were with
drawn from the shield, heat exchanger shells,
instrument cubicles, reactor steam system, and
each of the auxiliary piping systems which come
in contact with the reactor piping. These samples
were checked with helium leak detectors capable

On loan from TVA.

On loan from Puerto Rico Water Resources Authority,

On loan from Pennsylvania Power and Light Co.

4S. E. Beall et al., HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 4.

of sensing 1 ppm helium in air. After each sample
check, the detector in use was rechecked against
a prepared standard atmosphere containing 5 ppm
helium. The results indicated a total gas leakage
from the reactor piping of less than 0.2 std cc/day,
referred to a Ap across the leak of 1 atm. The
permissible leak rate for the HRT under the
above conditions is 1 std cc/day. Further con
firmation of the leaktightness of the piping was
furnished byanalysis of the stored krypton samples,
using an improved method. These results also
indicated a leak rate of less than 0.2 std cc/day.

During the same period, activity-breakthrough
tests were completed on the two remaining char
coal adsorption beds (see Sec 17.1).

After the integrity of the reactor piping was
established, the cell was opened in mid-November
to permit final insulation of reactor piping and
auxiliary lines, inspection and repair of thermo
couples, and leak-testing of air lines and conduit,
in preparation for over-all testing of the contain
ment vessel. During this maintenance period, the
new refrigeration system was also installed in the
control area.

The iodine removal bed, at the bottom of the fuel
recombiner, was cut open to remove the silver-
impregnated alumina pellets, because tests showed
that sodium ions continued to leach from the

pellets even after they were refluxed over water
for several hundred hours. The pellets were re
placed with silver-coated stainless steel Yorkmesh.
The reassembled unit was temporarily installed
above the HRT waste evaporator, to undergo
steam-pressure-drop measurements and leaching
tests. It was found to be acceptable in both

5S. E. Beall and S. Visner, ORNL-1834, p 42 (Jan. 1,
1955) (classified).
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respects and was reinstalled in the reactor during
the first week in December.

During the maintenance period, the bulkhead
door was installed in the cell, and each half was
flooded separately to test the effectiveness of the
door seal. Minor leakage was observed, which could
be handled adequately by the sump jets. Leak-
testing efforts were continued on the service piping
within the cell and on the penetrations through the
north shield wall.

Before the cell was reclosed the reactor piping
was flushed with a small amount of heavy water to
remove residual H20, after which 5879 lb of
heavy water was charged to the system. The
shield was then sealed and evacuated to V2 atm
absolute, and the HRT was brought to operating
temperature and pressure on December 14, for a
final, heavy-water shakedown run (No. 11). This
run was interrupted on the following day, however,
to investigate the lack of flow from the purge pump
of the fuel circulating pump. It was discovered
that a rubber stopper had been accidentally left
in the pump inlet line when the flanges were con
nected. Following the removal of the stopper run
No. 11 recommenced. Performance was judged
satisfactory on December 20, after 82 hr of operation
at 1700 psig and 280°C, and the reactor was cooled
to 25°C to practice temperature-control techniques
to be used for the first critical experiment. During
the cooling period the amount of D20 required to
maintain the liquid level, as the contents of the
core contracted, was measured to check previous
volume calibrations of the core and fuel circu

lating loop. A volume of 475 liters was indicated
by the test; this number agrees with a previous
determination to within 2%.

Fuel charging began on December 24, and
criticality was achieved on December 27, at
6:00 PM. During the next week the source and
core thimble were removed, and a successful
trial installation and removal of the core corrosion

specimens was made, with lead-shielded direct
maintenance techniques.

Leak-testing of the reactor cell was then re
sumed. The special vacuum valve in the 16-in.
duct to the stack was found to be the major source
of leakage; removing the valve and blanking the
open flange cut the in-leakage, at 7.5 psia, from
25 cfm to approximately ^ cfm. Upon pressurizing
the cell and flooding the roof plugs with water, it
was found that the welded joints between the

galvanized-iron roof seal pans and the stainless
steel lips along the cell wall constituted a second
major source of leakage. This difficulty is dis
cussed in detail in Sec 1.3. To stop numerous
small leaks and ensure against future difficulty,
a tough thermosetting resin was cast into the
seal lips along the entire periphery of the cells
and girder boxes. Any galvanized seal pans which
are subsequently removed will be replaced with
stainless steel pans.

Upon completion of the roof repairs, which cut
cell leakage to approximately / cfm, further
operational tests were conducted in preparation
for further low-power critical tests to determine
the temperature coefficient of reactivity. Heat-
loss measurements on the low-pressure system,
reactor steam system, and complete reactor piping
were conducted also.

During the period January 8—11, the reactor was
brought to criticality seven times at successively
higher temperatures, from 65 to 281°C, as de
scribed in Sec 1.2.1.

Shield leak-testing and repairs were resumed after
the critical experiments were completed. The
shield was sealed and pressurized to 30 psia,
and 2.2 liters of 10% ethyl mercaptan solution
was blown into the closed volume and mixed by
operating the space-cooler fans. The resultant
concentration of 40 ppm was approximately 2000
times the minimum detectable level. All accessible

penetrations and exposed areas of the shield were
checked for escaping vapor over a 24-hr period.
Only one significant leak was found, and it was
repaired. The residual leakage of approximately
4.5 liters/min apparently discharges into the ground
around the shield.

1.2 INITIAL CRITICAL EXPERIMENT

The HRT was made critical the first time with

the core and blanket near room temperature and at
a pressure of about 800 psig. In order to maintain
the low temperature, it was necessary to circulate
water through the shell side of the steam generators
to remove heat put in by the circulating pumps and
pressurizers. Nuclear instrumentation consisted
of three fission chambers: the two permanent
chambers in the instrument tube and a special
chamber in the blanket thimble (see Fig. 1.1).
An antimony-beryllium neutron source was sus
pended in the thimble in the center of the core.
The north shield wall was filled with water during
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Fig. 1.1. Source and Fission-Chamber Positions

During Initial Critical Experiment, Doc. 27, 1957.

the experiment, and the top plug, the cover plates,
and access plugs over the core were removed to
admit the fission-chamber connections and the

source cable. Otherwise, the shield was com
plete.

The reactor was brought up to the critical con
dition gradually by the injection of 100- to 400-g
increments of U235 into the fuel solution. Batches
of concentrated fuel solution were added through
the sampler to the dump tanks. Fuel-feed and
purge pumps were run continuously to provide
mixing between the dump tanks and the high-
pressure system. Following each addition, the
solution concentration in the high-pressure system
was allowed to reach steady state, as indicated by
a leveling-off of fission count rates. The steady-
state count rates were then determined, and a
300-ml sample was taken from the fuel high-
pressure system. The inverse of the counting
rate was plotted against total uranium in the
reactor as a guide for gaging the size of later
additions.

A total of 853 g of U235 was added on December
24. Additions on December 26 brought the reactor

PERIOD ENDING JANUARY 31, 7958

U23S inventory to 1709 g. Further additions
brought the total U235 in the reactor to 2043 g
by the afternoon of the next day. At this time it
was estimated that another 17 g would make the
reactor critical at 25°C, the core temperature up
to that time. According to plan, this addition
was made only after the core temperature had been
raised to 29°C. The intent was to make the re
actor critical by slowly lowering the temperature
after the uranium concentration had reached steady
state; the source was to be withdrawn and re
placed a number of times to check on the approach
to criticality as the temperature decreased. But
the source was withdrawn, in fact, only once. As
the source was withdrawn very slowly, count
rates on all three fission chambers rose, as shown
in Fig. 1.2. With the source out of the reactor,
count rates continued to rise, indicating that the
reactor had achieved criticality. Apparently the
uranium concentration had been brought up so far
that multiplication of the source neutrons had
raised the flux at the source until the source was

absorbing neutrons faster than it was emitting.
Then, when the source was removed, the reactor
became slightly supercritical. The fission rate
rose slowly, with a period of about 17 min. This
period corresponds to a positive reactivity,
&exAeff, of about 6 x 10-S, or a core temperature
about 0.06°C below the critical temperature.

After the power had risen to about 10 w, the
core temperature was raised to make the reactor
subcritical. This was done by pumping warm
water, instead of cool water, into the shell side
of the heat exchangers. Almost immediately, at
6:08 PM, the fission rates began to decline,
showing that the core temperature had risen above
the critical temperature. After a few minutes,
cooling was resumed. Judging from the behavior
of the fission rates, the core temperature began
at about 6:21 PM to decrease, and at about 6:30 PM
the critical temperature was reached again.

At 6:50 PM, with the count rates rising very
slowly, the source was again inserted. As shown
by Fig. 1.2, the count rates rose quickly, then
leveled off. The source was then withdrawn with
no perceptible effect on count rates. The inter
pretation is as follows: When the source was
inserted, the flux was quite low and the source
did not absorb neutrons as fast as it was emitting
them. Therefore, the neutron population rose.
At the time the source was withdrawn, the core
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Fig. 1.2. Temperature and Fission Rate During Initial Critical Experiment, Dec. 27, 1957.

concentration and temperature were such that
source absorption and emission rates were per
fectly balanced. Withdrawal of the source then
had no significant effect on the fission rate.

At 6:58 PM the dilute switch was put in the
"shutdown" position, and the feed pump began to
deliver condensate instead of fuel solution. After

a delay of about a minute due to feed-line holdup,
the dilution began to take effect and the reactor
went subcritical. The sharp peak in the count-
rate trace at about 7:03 PM is attributed to an

electronic disturbance in the circuitry, rather
than a real change in reactor fission rate.

Also shown in Fig. 1.2 is the core temperature
recorded by an instrument which averages the
readings of thermocouples on the core inlet and
outlet. This record was not accurate enough to be
useful in the analysis of the small changes in

reactivity which were observed during this experi
ment.

1.2.1 Critical Experiments at
Elevated Temperatures

After the initial critical experiment, the source
thimble was removed from the core to the blanket

thimble, and the reactor was made critical at seven
temperatures ranging up to 281°C.

The first point in this series was obtained with
a fuel concentration the same as that used in the

initial experiment. Because the poison of the core
thimble had been removed, the reactor attained
criticality at a higher temperature, 65°C. The
critical condition was approached by slowly lower
ing the temperature. For this operation, water
was circulated through the shell side of the heat
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exchangers to control the core and blanket temper
atures. After criticality was reached, the reactor
power was allowed to rise briefly to about 1 kw
before the reaction was shut off by dilution of the
fuel.

Insubsequent experiments at higher temperatures,
the reactor temperature was maintained by supply
ing heating steam to the heat exchangers. A
typical sequence of operations in going critical
was as follows: First, the reactor temperature was
raised well above the expected critical temper
ature. A batch of fuel solution was then injected
into the dump tanks. After steady count rates
showed that mixing was essentially complete and
the core concentration was no longer increasing,
the temperature was slowly lowered. Subsequent
steps are illustrated by Fig. 1.3, which shows
core temperatures and fission-chamber count rates
during one experiment. At 1:20 PM, when rising

count rates indicated thai the critical temperature
was being neared, the source was withdrawn:
however, the reactor was well below criticality.
Count rates dropped rapidly, and the source was
reinserted. The next time the source was removed,
count rates dropped more slowly, and the core
reached the critical temperature before it was
necessary to insert the source. The reactor con
tinued to cool and the fission rate rose on an ever-

shorter period until a burst of steam to the heat
exchangers raised the temperature and made the
reactor subcritical. The reactor was held near

criticality for about !^ hr before the temperature
was raised in preparation for the next experiment.

1,2.2 Critical Concentrations

Figure 1.4 shows the observed critical con
centrations at each reactor temperature. With
the exception of the 258°C case, every time the
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reactor was critical a 300-ml sample was taken
from the high-pressure fuel system. The nuclear
power was purposely kept low during the experi
ments so that radioactivity of the samples presented
no great problems. The results of gravimetric
analyses of the samples are indicated, together
with the apparent core concentrations, which were
calculated from known system volumes and uranium
inventories and the temperatures, pressure, purge
and feed rates, and dump-tank weight observed at
the time the reactor was critical. The sample
results average about 6% lower than the calculated
concentrations. The reason for this difference

has not yet been established. As a check, the
uranium concentration in the samples is presently
being determined by an isotopic dilution method.

Results of several critical calculations are

shown in Fig. 1.4 for comparison with the experi
mental points. The harmonics calculation is the
one made by Edlund and Wood in 1954 and reported
in ORNL-1780.6 The two-group calculation was
made in 1956.7 The isolated point at 280°C was
calculated recently by the Eyewash multigroup,
multiregion code.8

It can be seen that the two-group calculations
predicted critical concentrations about 20% below

6M. C. Edlund and P. M. Wood, ORNL-1780 (Aug. 27,
1954) (classified).

7C. W. Nestor, Jr., HRT Critical Concentration as a
Function of Temperature, ORNL CF-56-6-123 (June 20,
1956).

8P. R. Kasten et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 17.

those observed. This is probably because of in
adequate treatment of fast-neutron leakage in the
two-group method. The harmonics calculation,
which used a convolution of an age and a Yukawa
kernel to represent slowing-down in D20, gave
quite satisfactory results. The multigroup result
also was in good agreement with the experimental
determination.

1.3 METALLURGY SERVICE WORK9

As a safety measure, the containment cells of
the HRT are sealed by welded-in pans that are
designed to prevent escape of radioactive gases.
When the reactor cells were sealed for preliminary
testing, the pans, of galvanized iron, were welded
to carbon-steel transition strips attached to the
cell wall.

During a subsequent maintenance period, the
carbon-steel strips were replaced by type 347
stainless steel. After the galvanized-iron pans had
been ground in an attempt to remove zinc from the
edges, the pans were edge-welded to the stainless
steel transition strips by means of a tungsten arc
with stainless steel filler metal. The reactor cells

were then pressurized with air. Many leaks were
found, several of which proved difficult to repair.

Macroexamination of sections removed from the

leaking joint revealed cracks located primarily in
the stainless steel base metal. Metallographic
examination indicated that a typical crack ex
tended into both weld and base metals, with a
tendency for greater depth into the stainless steel
base metal. Some cracks had apparently formed in
the stainless steel base metal below the fusion

zone. Only a few large cracks had penetrated the
stainless steel to allow leaking under test, al
though many other cracks were present. The
cracks were intergranular and tightly closed.

In the sections examined, no evidence was found
of zinc present as an alloy or as inclusions.
Results of direct tests for the presence of zinc
were negative. It was found, however, that the
grinding had not removed all the zinc from the
edges to be welded; rapid gas evolution was
observed when a few drops of hydrochloric acid
were placed on the ground surface.

It is tentatively concluded that rapid inter
granular diffusion of zinc from the galvanized
iron was responsible for the cracking of the
stainless steel.

Work performed by G. M. Adamson, C. H. Wodtke, and
T. M. Kegley.
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2. HRT DESIGN

W. R. Gall M. I. Lundin

F. C. Bowen1 A. C. Phillips1
C. A. Burchsted R. G. Pitkin1
R. D. Cheverton C. L. Segaser
C. J. Claffey R. E. Schappel
C. W. Collins D. D. Tarr1
E. M. Guglielmo W. L. Wright

F. C. Zapp

2.1 REMOTE MAINTENANCE

The design of facilities for the removal and
replacement of the core and blanket corrosion-
specimen holders and the pressure-balancing-
system rupture-disk assembly was completed.
Special lower roof blocks with seal-pan openings
(Fig. 2.1) were installed in order to permit access
to the corrosion-sample holders and the rupture-
disk assembly. Reactor maintenance operations
at the cell are performed through the holes in
these blocks by use of shielded tools and carriers.

Figure 2.2 shows a typical tool and removable
shield assembly in place over the access hole in
a lower roof block. After the seal-pan flange has
been removed, a drip pan and support ring are
placed in position and the access plug is removed.
A removable shield assembly is then placed on the
support ring, and a replaceable flange plug, con
sisting of several long-handled tools mounted in a
cylindrical shielding plug, is mounted on the
removable shield assembly. Accurate location of
a given tool is accomplished by rotation of the
flange plug and the eccentric plug, which is part
of the removable shield assembly, relative to one
another. Scales on the plug-flange bearing plate
and centering ring, graduated in degrees, permit
future duplication of tool position. A television
camera and a light can be mounted in the flange
plug to permit remote observation of the work area.
In general, a given group of tools will remain
assembled and will be handled as a unit. The tool

extension handles are removable in order to facili

tate handling and storage.

On loan from Vitro Engineering Co.

^W. R. Gall et al., HRP Quar. Prog. Rep. April 30,
1957, ORNL-2331, p 22-23.

3W. R. Gall et al., HRP Quar. Prog. Rep. Oct. 31.
1956, ORNL-2222, p 7.

The removable shield provides space into which
items such as the hold-down flanges or the rupture-
disk cartridge assembly may be withdrawn for
transportation to or from the storage pool. The
drip pan is provided to catch any radioactive
liquids or scale which might drop from the part
being transported; as an additional safety measure,
a cap is placed over the bottom of the transport
shield (or other carriers) prior to removal to the
storage basin.

Radioactive items from the reactor will be re

moved to the storage pool located at the east
side of the HRT building for storage and/or further
processing under water. At one side of the pool is
located a decontamination basin, in which will be
installed a remotely operated, hydraulic cutting
tool, together with appropriate fixtures and storage
racks. The cutting facilities will be required only
during removal of the corrosion-sample holders,
and may be removed when not needed.

A modified hot cell in Building 3029 will be
used to reassemble the corrosion-sample holders.
Unirradiated specimens will be placed in a new
holder manually; then the partially assembled
unit will be moved into the hot cell for remote

assembly of the irradiated specimens. The com
pleted holder will be placed inside the transport
shield and returned to the reactor building for
reinstallation.

2.2 FLANGE DEVELOPMENT PROGRAM

Recent experiments in the flange test facility4-6
indicate that flanges with ring-joint grooves and
gaskets machined to a tolerance of ±0.005 in. on

4W. R. Gall and M. I. Lundin, Monthly Report -
Design Section - June and July 1957, ORNL CF-57-8-50.

W. R. Gall and M. I. Lundin, Monthly Report —
Design Section - Aug. 1957. ORNL CF-57-9-37.

6W. R. Gall et al., HRP Ouar. Prog. Rep. Oct. 31.
1957, ORNL-2432, p 5-6.
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Fig. 2.1. Special Lower Roof Block with Access Hole.

the pitch diameter will be suitable for service in
the HRT. It is considered necessary to maintain
the fine-finish requirement of 32 /iin. rms on the
sides of the groove, however, and it is desirable
to maintain a finish of 63 /uin. rms on the remainder
of the face of the flange because that surface is
used as a reference plane. The conclusion con
cerning the pitch-diameter tolerance is valid only

7HRP Specification No. 200a_Modified Type 347
Austenitic Stainless Steel Material, par. 16.4.2.

10

under the operating conditions previously stated:
that is, flange bolts equipped with ferrules and
initially stressed to approximately 45,000 psi;
variation of load on all bolts in a given flanged
joint less than 20%; pressure-temperature cycling
of the system embodying the flanged joint from
saturation conditions at 100°C (15 psia) to satu
ration conditions at 335°C (2000 psia) at a rate
not to exceed 55°C/hr; insulation of the joint
with 10 layers of aluminum foil or the equivalent.
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Contact-surface galling which results from a
mismatch of the ring and groove does not appear
to depend on size of the flange. However, the
amount of bolt stress required for complete seating
of the ring with a given degree of mismatch does
depend on flange size. The smaller the flange, the
greater the required bolt stress. Since the smallest
flange tested was a ^-in. 1500-lb flange, the
conclusion concerning tolerance of the pitch
diameters of ring and groove can be applied to any
ring-joint flange with pitch diameter equal to or
greater than that of the !^-in. 1500-lb flange.

The standard ASA tolerances8 are ±0.005 in. on
the flange-groove pitch diameter and +0.007 in. on
the ring pitch diameter, permitting a maximum
mismatch 20% greater than that imposed in the
flange tests. It cannot, therefore, be stated

°Ring~]oint Gaskets and Grooves for Steel Pipe
Flanges, ASA B16.20-1956, American Standards Associ
ation, New York.

12

positively that a joint with both ring and groove
machined to the ASA tolerance will perform as
well as one in which both ring and groove are
machined to a tolerance of ±0.005 in. A slight
amount of galling was observed on test flanges
having a total mismatch of 0.010 in., and it may
be assumed that increasing the mismatch to the
maximum allowed by the ASA standard would in
crease the degree of galling of the ring and groove
surfaces.

Tests were also made in order to determine the
influence of pipe moments on the integrity of a
ring-joint type of flanged connection. Joints in
the test facility were subjected to moments in
excess of those recommended by the Code9 with
out an evident increase in leak rates over leak

rates found in earlier tests in which the moments

were not imposed.

9Code for Pressure Piping, ASA B31.1-1955, American
Standards Association, New York.







Williams drive in a manner which produces a
gradual, instead of a sudden, acceleration of oil
at the start of the suction stroke.

3.2.2 Purge Pumps

The operation of purge-pump test loops 1 and 2
was interrupted after 1601 hr by failure of a
forging in the Scott & Williams P2 drive unit.
Testing was resumed after installation of a re
placement part.

The HRT mockup purge pump, which contains
100-mesh screening, has operated satisfactorily
for 2844 hr.

3.2.3 Corrosion Fatigue Tests

Ohio State University has investigated the
effect of various surface treatments on the en
durance limit of type 347 stainless steel sheet in
uranyl sulfate solutions. These treatments in
cluded liquid blasting, mechanical polishing,
scratching, and static aging in fuel solution.

4H. R. Payne, Modification of Oil Control Valve in
Scott and Williams P-9 Pulsator Drive, ORNL CF-58-1-65
(Jan. 14, 1958).
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None of the treatments affected the endurance
limit, as compared with the performance of sheet
given a standard ASTM No. 9 finish.

The results of fatigue tests of titanium A-110AT,
Allegheny Ludlum AM-350, and CD4M-Cu are
given in Table 3.1 along with previous results.
The very high endurance limit of titanium (62,500
psi) may permit greatly increased capacity in a
diaphragm pump; this possibility will be explored
further.

3.3 HRT MAINTENANCE

In a joint effort with the HRT Operations Group,
final tests were made on a secondary gasket to be
used during the removal of light water from a
flange during underwater maintenance. A soft,
collapsible copper gasket, with attached hypodermic
tubing, was used as a seal ring to permit the
alternate addition and discharge of a "heavy
water" flush. For test purposes the "heavy water"
was a solution of potassium dichromate dissolved
in light water with a specific gravity comparable
to that of D20. The difference in specific gravity

Table 3.1. Results of Corrosion Fatigue Tests

Material

347 SS

Annealed

A Hard

\ Hard
\ Hard
Full Hard

316-L SS

/, Hard

\ Hard

AM-350 S.B.T.*

Titanium A-110AT

CD4M-Cu**

In 0.04 mU02S04
at 60°C

34,000

30,000

31,000

32,000

43,000

32,000

32,500

39,000

62,500

42,000

Endurance Limit (psi)

In Water at

60°C

In Air at Room

Temperature

36,000 39,000

50,000 58,000

57,000 67,000

88,000

43,000

62,500

90,000

70,000

Elongation

(%)

42

14

2.5

2.5

2.5

14

10

11

10

16

*S.B.T. refers to tempering by refrigeration, followed by aging at 650 F.
**CD4M-Cu is a ferritic alloy, developed at Ohio State University, which is hardenable by cold rolling and aging.
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of "heavy" and light water was utilized to dis
place the latter. It was determined that a 2-liter
flush of "heavy water" would displace approxi
mately 90% of the light water remaining in the
flange above the ice plug.

3.4 HRT MOCKUP

R. B. Korsmeyer

P. H. Harley D. E. Willis

3.4.1 Operation

During the report period the HRT mockup operated
1093 hr to complete a 2210-hr run which started
September 3, 1957. The run was made at 1700 psi
and 280°C with a 0.042 m U02S04 solution con
taining 0.021 m H2S04 and 0.005 m CuS04 and
was terminated on December 8, 1957, for loop
modifications. The generalized corrosion rate for
the run was 1.3 mpy, based on the increase of
nickel in solution.

Near the end of the run the leakage through the
letdown valve, which had a type 17-4 PH stainless
steel trim, was found to exceed 0.25 gpm at
1700 psi and 50°C. This was not serious while
the feed pump was operating; however, the purge-
pump flow could not maintain the loop operating
level alone. When the letdown valve was checked

in the shop after the run, the leakage was only
0.024 gpm.

The electrical relay contacts failed in the
pressurizer heater circuit on October 23, 1957,
but were replaced without interrupting loop
operation.

A feed-pump pulsator housing started leaking
on October 4 and was replaced. The leak was in
a welded reducer that had cracked and had been

patched last May.

3.4.2 System Changes

The 300A Westinghouse circulating pump was
replaced by a 400A pump so that the 300A pump
could be used on a slurry loop. The 300A pump
had been in the mockup for T/L years and had
operated for 13,067 hr, including 4340 hr since
the last inspection.

5B. D. Draper and T. E. Haynes, Design and De
velopment of a Flange Dewatering Device, ORNL CF-
58-1-42 (Feb. 10, 1958).
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The type 347 stainless steel letdown heat ex
changer was replaced by one constructed of A-55
titanium, which was flanged into the system.

A new high-pressure loop heat exchanger was
constructed and installed. The failure of the

previous heat exchanger was reported previously.

3.4.3 Iodine Removal Tests

The efficiencies (per cent of iodine removed per
pass) of three silvered-alundum beds and one
silver-plated wire-mesh bed have been reported.
The density of the wire-mesh bed was 22 lb/ft3.
A second silver-plated wire-mesh bed, 6 in. dia x
6 in. deep, having a density of 29 lb/ft3, was
tested; the efficiency was 99.8% at 120°C.

A 650-hr stability test was run on a 6-in.-dia x
18-in.-deep silvered wire-mesh bed loaded with
20 g of L. At the end of the run 0.136 g of silver
was found in solution, which corresponds to c
0.025% loss of the silver from the bed.

3.4.4 Heating of Fuel Solution

A small bypass stream (~1 gpm) of the mockup
fuel was heated for 1500 hr at 300°C in a \-\n.,
sched-80, type 347 stainless steel line. The
main-loop temperature was 280°C. The test was
run to obtain scale-buildup and corrosion infor
mation of use for future pressurizer design.

Upon removal of the pipe, a 0.03-in. deposit of
rusty red scale was found to have formed (chemical
analyses of the scale have not yet been com
pleted). This is a much heavier scale than that
formed while fuel solution was boiled in a titanium

pipe. The pipe has been submitted for metal-
lographic examination.

3.4.5 Corrosion in Stagnant Lines

The generalized corrosion rates of the stressed
specimens installed in three dead-end v£-in.
pipes and exposed to stagnant solution for 2210
hr were low, varying from 0.01 to 0.5 mpy with
temperatures from 50 to 280°C. The only circu
lation was by natural convection. No pits or

6B. D. Draper and H. C. Roller, Design and De
velopment of a 1/2-inch Titanium to Stainless Flange,
ORNL CF-57-11-140 (Nov. 27, 1957); I. Spiewak et al.,
HRP Quar. Prog. Rep. Oct. 31. 1957, ORNL-2432, p 53.

71. Spiewak et al., HRP Quar. Prog. Rep. July 31,
1957. ORNL-2379, p 16.

8I. Spiewak et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 15.

9lbid., p 14.



cracks were noticeable in the defilmed samples,
but a metallographic examination will be made.

3.4.6 Fuel-Solution Chemistry

At the end of the last run, the mockup fuel was
composed of 0.052 mU02S04, 0.016 mH2S04, and
0.005 mCuS04, plus 0.008 mS04 probably present
as sodium ana potassium sulfate from the iodine
tests. This solution was observed to precipitate
uranium and copper when the pressurizer purge

PERIOD ENDING JANUARY 31, 1958

rate was high (~13 gph). The precipitated
material is believed to have been formed by hy
drolysis occurring between the pressurizer and the
main loop. The precipitate was redissolved in 24
hr with no pressurizer purge flow (gas-pressurized
system) and was redissolved in about 48 hr with a
2 to 3 gph purge to the pressurizer with the system
steam-pressurized to 1700 psi. Tests will be made
to determine whether a balanced solution (0.042 m
U02S04, 0.021 m H2S04, and 0.005 mCuS04)
reacts in a similar manner.

\7
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4. HRT CONTROLS AND INSTRUMENTATION

D. S. Toomb

A. M. Billings R. M. Pierce1
J. R. Brown J. A. Russell

R. L. Moore K. W. West

4.1 COMPONENT AND SYSTEM TESTING

4.1.1 Leak-Detection-System Instrumentation

The Swartwout Company electric-signal differ
ential-pressure transmitters purchased for use in
the HRT leak-detection system2 were installed
after satisfactory testing. Output of the trans
mitters is 0 to 0.5 v, 60 cps, for a range of —50 to
0 to +50 in. of water differential. Zero shift was

less than 3% for static pressure changes from 0 to
3000 psi, and overranging of the differential to
3000 psi produced less than a 2% zero shift.

4.1.2 Nuclear Instrumentation

Duringthe initial critical experiments the neutron-
flux level was detected by three fission chambers,
with associated amplifiers, scalers, and rate meter-
recorders. Difficulty was encountered with noise
in two of the channels whose chambers are in

water-filled thimbles. The spurious signals were
traced to pulse radiation from solenoid and relay
circuits and to improper grounding. These signals
were eliminated by running the coaxial signal
cables inside a Tygon plastic tube and by ground
ing the amplifier rack directly to the thimbles.

4.1.3 Pump-Stator-Winding Insulation Tests

Design was completed and construction was
begun on the instrument panels to be used to
measure the insulation resistance of pump stator
windings during exposure to nuclear radiation.
Three-phase, 60-cycle power will normally be
supplied to the Y-connected winding to maintain
the insulation at an operating temperature typical
of that experienced in a canned-motor pump. The
current will be interrupted periodically while the
high-voltage resistance of the insulation is meas
ured. Winding temperature and container pressure

'On loan from TVA.

2W. R. Gall et al, HRP Quar. Prog. Rep. July 31,
1957. ORNL-2379, p 8.
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will be monitored continuously. One stator is
located in the HRT containment tank, and a second
will be exposed to gamma radiation in the spent
fuel element and storage pool of the ORNL Graphite
Reactor.

4.2 COMPONENT DEVELOPMENT

4.2.1 Control-Valve-Stem Position Transmitter

A control-valve position-indicating system uti
lizing a differential transformer for a transmitting
element was installed on the HRT mockup letdown
valve for testing. The transmitter, shown mounted
on a valve actuator in Fig. 4.1, was designed to
withstand the HRT reactor-eel I environmental

conditions, which include a 140°F ambient temper
ature, flooding, and radiation levels of 105 r/hr.
The differential transformer is an Automatic

Temperature Control Co. model 6206-K, with a
linear range of 0 to V in., a linearity of 2%, and
an output of 0.1 v forx-in. core travel with 60-cps
primary excitation. The Fiberglas-insulated lead
wires leave the waterproof transformer housing in a
/-in. copper tube.

Similar transmitters will be installed on the HRT

letdown valves if operating conditions permit.

4.2.2 Remote Disconnect for Metal-Clad

Mineral-Insulated Electrical Cable

Copper-clad electrical cable insulated with
magnesium oxide is very desirable for service in
extremely radioactive areas because no organic
material is used in the insulation. A waterproof
disconnect designed to be broken remotely was con
structed, as shown in Fig. 4.2, to permit the re
moval of reactor electrical equipment connected
with this type of cable. The electrical connectors
are terminated inside the disconnect with a multiple-
header ceramic-to-metal seal. The voids are filled

with magnesium oxide powder. The outside guides
are tapered to simplify remote makeup. Long in
sulators are used on the connecting terminals to
minimize leakage currents after submersion.
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UNCLASSIFIED
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•ANNIN CO. OPERATOR, 50-in.2 x V2 - in. STROKE BELLOWS SEAL

rfrLrfYi 1TT1 ff^

M ^B

rftv--rfTilOl

V4-in. COPPER TUBING CONDUIT
CONTAINING TRANSFORMER LEADS

TRANSFORMER WINDINGS

FERRITE SLEEVE CORE

DIFFERENTIAL TRANSFORMER WITH

STAINLESS STEEL HOUSING

SCALE IN INCHES TRANSFORMER CORE DRIVING ARM

Fig. 4.1. Control-Valve-Stem Position Transmitter. Linear range, 0 to /. in.; linearity, 2%.
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4.3 MAINTENANCE

4,3.1 Differential-Transformer Testing Device

A core-positioning device for differential trans
formers was designed and fabricated to test
the range and sensitivity of liquid-level trans
mitters for the pressurizer and outer storage tank.

-iy4in.-
fi||2i dio,SHRINK INTO SHELL
utous BYHEATING SHELLTO I500°F

PLUG DETAIL

PERIOD ENDING JANUARY 31. 7958

The unit can also be used to bench-test differential

transformers and associated recording or indicating
instruments.

The tester, shown in Fig. 4.4, simulates the
liquid-level-transmitter applications by incorpo
rating a dummy pressure housing; the ferrite core is

UNCLASSIFIED

ORNL-LR-DWG 28826

COVER PLATE IS BEING WELDED

Fig. 4.3. Differential-Expansion Type of Gas Metering Valve.

-DIFFERENTIAL TRANSFORMER

-SIMULATED PRESSURE HOUSING
3(6 STAINLESS STEEL

^^s^^susaBm

COMPRESSION SPRING

CORE POSITIONING STEM -

Fig. 4.4. Differential-Transformer Testing Device.

UNCLASSIFIED

ORNL-LR-DWG 28328

-DEPTH TYPE

MICROMETER HEAD
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encased in stainless steel to simulate thecorrosion-

protection housing utilized in the reactor trans
mitters. Precision core positioning is achieved
by the use of a depth-type micrometer head working
against a compression spring.

4.3.2 Television System for Use in
Reactor Maintenance

A Dage model 112AR television camera with
associated control and remote monitors was re

ceived. Performance is excellent except for mild

22

horizontal distortion in the top 3 in. of the picture
on the 14-in. monitor. A readable picture was
obtained with an illumination of only 2 foot-candles.

Specifications were written and a purchase order
was placed for a special camera head to be used
with this system for remote inspection of the HRT
core. The camera head is required to pass through
a2-in.-dia opening and operate in a gamma radiation
field of 2 x 105 r/hr. Special design considerations
include provision for remote manipulation of the
camera and lighting inside the 32-in.-dia core
vessel.
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5. HRT PROCESSING PLANT

W. D. Burch P. A. Haas W. E. Unger

E. Adams W. E. Browning H. 0. Weeren
W. L. Albrecht L. H. Chase

C. S. Lisser

R. H. Winget

5.1 OPERATIONS

5.1.1 Over-All Piping Leak Test

Initial leak tests of the piping system in the
HRT processing plant, performed in conjunction
with the reactor leak test (see Sec 1.1), indicated
a leak five to ten times the permissible rate of 1 cc
of gas per day at a 15-psi differential. By pressur
izing the system to 500 psi, the leak rate was in
creased to 0.5 cc/min; the leak was located in a
Z-in.-tubing instrument tap by observing gas
bubbles with the cell flooded. Results of a re

peat test, following repair of this leak, were erratic
but indicated a total leakage no greater than 2
cc/day from both high- and low-pressure systems.
Although a 2-cc/day loss from the high-pressure
system would be intolerable, it is acceptable for
the low-pressure system. By isolating the high-
pressure system at 1000 psig, its leak rate was
shown to be less than 0.1 cc/day and therefore
acceptable.

5.1.2 Hydroclone-System D,0 Run

Operation of the hydroclone system during the
final 24 hr of the reactor D„0 run preceding the
critical experiments again demonstrated the oper-
ability of all components. The processing plant
D,0 inventory of 30 liters was charged just prior
to the run.

Heat losses in the line from the reactor to the

hydroclone were reduced about 25% to approxi
mately 3 kw by the addition of powdered silicon
metal to the silica aerogel insulation to reduce
radiant heat losses.

5.1.3 Off-Gas Chilled-Water System

Cooling of off-gas from the processing plant is
essential to reduce the amount of D.O vapor dis
charged in the oxygen stream to the charcoal bed.
Cooling to a maximum of 40°F is accomplished
with a closed-loop chilled-water system. A small
canned-motor pump circulates water through a coil
immersed in Freon-11 from the freeze-coil re

frigeration system and then through two jacketed-

pipe heat exchangers in the off-gas lines. When
the system was placed in operation initially, the
cooling coil was found to be undersized, but after
length of the coil was increased, the system per
formed satisfactorily.

5.2 CONSTRUCTION AND MAINTENANCE

5.2.1 Cell Closure

Closure of the cell was completed just before
the end of January, and leak test.s of the cell
were in progress. Preliminary leakage tests of
lines penetrating the cell walls were completed.
The sleeve penetration containing 32 valve-operator
air lines was replaced when approximately 10
leaks were found within the sleeve. Approxi
mately one-third of the 25 steam and water service
block valves had to be reworked to reduce leakage
to an acceptable 1 cc/min at 30 psi.

Repeated efforts to seal leaks at electric-junction-
box screwed fittings within the cell by welding,
brazing, and soldering were unsuccessful. How
ever, an epoxy-resin cement proved satisfactory
in sealing the leaks. Kovar seals were installed
to provide positive closures on all power leads
outside the cell. Leak rates through the potting-
compound plugs on thermocouple conduits outside
the cell are acceptable.

5.2.2 Damage to Insulation and
Wiring by Shield Water

During the flooding operation to locate piping
leaks, water entered two electric level probes and
the canned insulation of the refrigeration system.
Both systems had been pressurized to 15 psi from
outside the cell, but large leaks reduced the
pressure below the hydrostatic head near the bottom
of the cell.

The insulation was replaced and the shorted
level probes were repaired. The leaks were stopped
and the air pressurization system on the canned
insulation was modified to ensure adequate pres
surization.
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5.3 HOLDUP TESTS ON HRT CHARCOAL

ADSORBER BEDS

The results of tests on charcoal beds 10-C and
-D, and the experimental technique used, have been
reported previously.1 Similar tests on beds 10-A
and -B have been completed. The data obtained
from these tests (see Table 5.1) have been utilized
to predict performance at various gas flow rates.

In order to predict the performance of the beds,
several assumptions were made. Values for ty
(time for breakthrough of activity) were used in the
calculations rather then t values (time when

max *

maximum activity is present in effluent gas stream).
The magnitude of the decay heating in the small-
diameter charcoal-filled pipes and its effect on the
adsorption of the fission gases are not known
exactly. Therefore it was assumed that only the
charcoal contained in the 6-in.-dia pipe contributes
significantly to the holdup of the fission gases.
Since the large pipe contains 90% of the charcoal
in the bed, the experimental t, value was reduced
by 10% to compensate for the decay heating in the
first sections of the bed. Based on laboratory
tests, it was assumed that xenon gas is adsorbed
12 times more effectively than krypton gas. These
assumptions tend to underestimate the actual de
lay times in the beds.

The experimental ty values were normalized to a
hypothetical bed containing 500 lb of charcoal,
with 1 liter/min oxygen sweep, at 15°C, and then

W. D. Burch et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 23-24.

averaged. After the average value was reduced by
10% to compensate for the decay heating in the
first section of the bed, a holdup of 180 hr was
calculated for krypton. The corresponding holdup
value for xenon is therefore 2160 hr. Holdup times
are inversely proportional to flow rates.

The expected rates of release of activity from the
bed after equilibrium is reached were calculated
for each isotope of krypton and xenon. Data from
reports by Van Winkle2 and Kolb3 on gaseous
fission products coming from the reactor core at
10 Mw power and on residence time of the gases
in piping and equipment before reaching the beds
were used in the calculation. Activity release
rates for the various isotopes were combined and
plotted in Fig. 5.1 as a function of gas flow rate
from the reactor.

Previous conservative calculations4 have shown
that approximately 100 curies can be discharged per
day from the 7500 Area stack without hazard. Thus
it is evident from Fig. 5.1 that the charcoal beds
can handle several times the design oxygen rates
without difficulty.

2R. Van Winkle, Heating in HRT Cold Traps from
Radioactive Fission Product Gases, ORNL CF-55-7-141
(July 28, 1955).

3J. O. Kolb, Shielding for the HRT Charcoal Pit and
Off-Gas Lines, ORNL CF-56-1-106 (Jan. 20, 1956).

4R. F. Myers and J. Z. Holland, U.S. Weather Bureau,
Oak Ridge, Calculations on Dispersion from 7500 Area
Stack, private communication to S. E. Beall.

Table 5.1. Experimental Holdup Tests on HRT Charcoal Beds

Bed

Weight of

Charcoal

(lb)

Te mperature

Range

(°C)

Average

Oxygen

Sweep

(liters/min)

Experimental

lb
(hr)

Experimental

t
max

(hr)

Number of

Theoretical

Plates

Normalized*

t for
max

Hypothetical

Bed

(hr)

10-A 520 10-15 1.251 190 227 373 273

10-B 520 10-15 0.896 195 249 148 215

10-C 520 16-19 1.022 186 211 370 232

10-D 360 16-19 0.947 140 170 137 250
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*Experimental t values normalized to hypothetical charcoal bed containing 500 lb charcoal, with 1 liter/min
max

oxygen sweep, at 15 C.
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Fig. 5.1. Rate of Discharge of Activity from the

HRT Charcoal Bed.

5.4 DESIGN OF WASTE CARRIER AND

LOADING-PIT FACILITY

The waste solution from the processing plant
will be collected in a carrier in the loading pit
outside the building and transported to the Thorex
Pilot Plant for recovery and decontamination
of the uranium. The design of this carrier and the
associated loading-pit equipment was completed.

The carrier has a capacity of 30 gal and weighs
9.3 tons. The 9 in. of lead shielding will reduce
surface radiation to about 80 mr/hr. A removable
cap over the valves and nozzles on top of the
carrier provides additional shielding whenever the
carrier is out of the loading pit (see Fig. 5.2).

The waste solution transported in the carrier will
have decayed long enough so that there will be
little radioactive heat and radiolytic decomposition
of water. The estimated temperature rise of 2°F/hr
and the pressure rise of 0.6 psi/hr are not high
enough to require cooling or recombining during
transit.

PERIOD ENDING JANUARY 3 7, 7958

Waste solution is charged to the carrier with the
loading pit flooded to minimize radiation exposure.
A trolley-type device positions the carrier be
neath the charging nozzles, which can be sprung
downward to mate with the carrier nozzles. After

bolting the standard ring-joint flanges, the proper
valves are adjusted from above with long-handled
tools, and the transfer of solution is made. The
charging line is then flushed to minimize con
tamination, the valves are closed, and the charging
nozzle connections are broken. The trolley is then
cranked back into the original position, the cover
lowered into place on the carrier, and the carrier
removed from the loading pit. A sketch of the
loading pit is shown in Fig. 5.3.

5.5 SOLIDS BEHAVIOR DEVELOPMENT STUDIES

A report has been issued summarizing conclusions
for the predicted behavior of insoluble corrosion
and fission products in the HRT and in its associ
ated chemical processing plant.5 In the report,
data are presented to support the following con
clusions, which are based on observations of
the behavior of simulated HRT corrosion- and

fission-product solids and of loop corrosion
products:

1. A major fraction of the solids resulting from
corrosion and from fission-product precipitation
will appear in the circulating fuel solution.

2. Significant amounts of the circulating solids
will be removed by "separation" owing to centrif
ugal force or to gravity in areas of low velocity,
and by "deposition" in areas which may include
those of high velocity. Geometry is an important
variable. The complicated HRT geometry and the
uncertainty as to the corrosion-product particle
size preclude any exact prediction about corrosion-
product behavior in the HRT.

3. Hydroclone efficiencies are predictable for
known solid and solution characteristics. The

simulated corrosion products had smaller particle
diameters than those initially predicted for HRT
corrosion products. Uncertainty concerning the
HRT corrosion-product particle size results in
uncertainty concerning the efficiency of the HRT
processing plant hydroclone.

P. A. Haas et al., HRP-CP: Conclusions Concerning
the Predicted Behavior of Insoluble Corrosion and
Fission Products in the HRT, ORNL CF-58-1-97
(Jan. 23, 1958).
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UNCLASSIFIED
ORNL-LR-DWG 28330

Fig. 5.2. Carrier for Waste Solution from the HRT Processing Plant.
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UNCLASSIFIED

ORNL-LR-DWG 28331

Fig. 5.3. Loading Pit for Waste Carrier.

4. Essentially continuous operation of the HRT
processing plant will maintain the circulating
solids concentration below 200 ppm, with probable
values between 10 and 100 ppm.

5. The effectiveness of a hydroclone system
could be increased by increasing the flow through
the plant and by designing the reactor system to
minimize "separation." Based on this conclusion,

the HRT processing plant is starting operation
with a 0.56-in.-dia hydroclone instead of the
initially designed 0.40-in.-dia hydroclone.

6. The fraction of solids collected by the chem
ical plant depends on competition of the hydro-
clone with deposition and/or segregation and is
therefore more uncertain than the above factors

individually. This fraction should increase from a
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zero initial value to a constant average value for
periods of steady-state reactor operation. An
average value as low as 25% of the corrosion
products formed would not be surprising.

7. Fission products present as relatively in
soluble sulfate salts will preferentially deposit on
hot surfaces. Otherwise, the behavior of insoluble
fission products will be obscured or controlled by

28

the corrosion-product behavior, and the same con
clusions apply to both.

The quantitative behavior of solids in the re
actor system cannot be predicted with confidence
from any nonreactor experiments. The number of
important variables and their interrelationships
invalidate conclusions from a simplified system.
Until the HRT and its chemical plant operate, con
clusions more definite than those presented above
are not justified.
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6. HRE-3 DESIGN

W. R. Gall M.I. Lundin

J. C. Bolger
R. H. Chapman
R. D. Cheverton

C. J. Claffey
E. H. Gift

R. 0. Maak1

R. C. Robertson

J. N. Robinson

W. Robinson

R. E. Schappel
C. L. Segaser
E. H. Volk2

D. W. Vroom

6.1 LOW-PRESSURE-SYSTEM FLOWSHEET

The flowsheet for the HRE-3 blanket low-pressure
system has been revised as shown in Fig. 6.1.
A natural-circulation evaporator and condenser
capable of producing about 100 Ib/hr of con
densate from a slurry feed of 10 gpm has been
added; an oxygen gas system is shown for re-
suspension of the slurry, and the slurry storage
tank and reflux condenser have been removed.

6.2 PRELIMINARY DESIGN DATA

Preliminary HRE-3 design data, presented in
a previous report, were reissued with minor
revisions as a separate memorandum.

6.3 CORE AND BLANKET DUMP SYSTEMS

Rapid cooling of fuel solution and slurry being
dumped from the HRE-3 high-pressure system is
desirable to minimize pressure buildup in the
low-pressure system during a dump. If the core
and blanket dump tanks are submerged in water,
the fuel solution and slurry can be directly cooled
as they flash into their respective tanks.

A possible configuration for the core dump
tank consists of ninety, 20-ft-long, 4-in. sched-40
pipes arranged in nine horizontal banks of ten
pipes each on 16.5-in. centers. This provides
an ever-safe (with regard to criticality) storage
volume of 160 ft . The heat transfer area is

approximately 2130 ft . The radiolytic D_ and
0. will be recombined in a natural-circulation

On loan from Foster Wheeler Corp.

On loan from Combustion Engineering, Inc.

3W. R. Gall et al., HRP Ouar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 29, Fig. 7.2.

AIbid.. p 30-37, Table 7.2.
J. C. Bolger et al., Preliminary HRE-3 Design Data

(Revised to Nov. 15, 1957), ORNL CF-57-11-74 (Nov.
29, 1957).

catalytic recombiner, which is preceded by an
iodine removal bed. It is estimated that the D,
concentration can be maintained at less than 5%.

A tentative design of the blanket dump system
(Fig. 6.1) consists of six vertical, conical-
bottomed vessels, each 3 ft in inside diameter
and approximately 22 ft high. A single large
tank will also be considered. The explosion
hazard presented by D» and 0. is avoided by
natural circulation of the off-gases through an
iodine removal bed, a recombiner, and a con
denser. An oxygen gas lift is provided for re-
suspension of the slurry. Steam will also be
considered for agitation, but has the disadvantage
of requiring either heating of the dump-tank cooling
water or insulation of the tanks from the water.

Oxygen, on the other hand, requires an oxygen
blower, which imposes additional development
problems, and appears to cause more severe
foaming than does steam. Slurry could be trans
ferred by pressurizing the dump tanks when filling
the high-pressure system before startup.

6.4 LETDOWN FROM THE HIGH-PRESSURE

SYSTEM

Although the HRE-3 is expected to operate
normally without continuous letdown to the low-
pressure system, sometimes it will be necessary
to operate for short periods on a continuous let
down basis, usually during startup of the reactor,
when it is necessary to continuously control
liquid levels and the concentrations of slurry
and fuel solution. After the reactor has been

operating for a period of time, it will occasionally
be necessary to regenerate the fuel solution by
letting down a portion of the used fuel solution
and replacing it with fresh solution from the
chemical processing plant. Prior to a scheduled
shutdown, operation on a continuous letdown
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cycle would facilitate reduction of the con
centrations of the slurry and fuel solution. Op
eration on a continuous letdown cycle would
also permit continued operation of the reactor
following failure of the high-pressure condensate
pump or failure or plugging of the jet-eductor
vapor circuit.

A possible letdown system for the HRE-3 is
shown schematically in Fig. 6.2. Control of the
letdown rates is by means of restrictor tubes,
the letdown valves serving primarily as stop
valves. Variable-capacity diaphragm pumps feed
condensate (0 to 3 gpm) and fuel solution (0 to
6 gpm) to the high-pressure core system; a dia
phragm pump (0 to 6 gpm) or an acid egg feeds
slurry to the high-pressure blanket system. The
fuel-solution letdown rate is set higher than
the estimated actual requirement in order to
enhance removal of any heavy-phase fuel solution
which might accumulate in the core.

6.5 OXYGEN PRESSURIZATION

Oxygen pressurization, with a jet eductor being
used for gas circulation, appears to be the most
promising method of pressurizing the HRE-3 if
the reactor is to operate without continuous let
down. The jet eductor has a capacity of about
2 cfm, receiving its motive power from the pressure
differential across the main circulating pump.
The recirculated gas would be humidified by

D20 PURGE Ogpm)
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contacting the fuel solution and partially de
humidified in a condenser in order to provide
condensate for purging the circulating pumps
and for other uses.

Oxygen pressurization introduces the problem
of disposal of a large volume of oxygen mixed
with the fission-product gases which will be
released during a dump. One method of disposal
is to burn the waste oxygen in hydrogen, con
dense the resultant water vapor, and send it to
the waste storage system; the uncondensed
fission-product gases would be passed through
cold traps to charcoal adsorption beds for holdup
and decay.

6.6 IODINE REMOVAL

The iodine removal system proposed for the
HRE-3 fuel system is based on the fact that
iodine is more soluble in D,0 than in fuel
solution. Iodine is stripped out of the fuel
solution by contact with the recirculated oxygen
and is concentrated in the condensate in the

pressurizer condenser. This condensate is then
passed through a small stripping column in which
the iodine is further concentrated in the liquid
phase, prior to storage in a waste system.

This system appears less complex than other
methods of iodine removal investigated, and does
not result in oxygen depletion, bubble formation,

D20PURGE 12gpm)

UNCLASSIFIED

ORNL-LR-DWG 28395

VAPOR VENT LINE

FROM CORE

PRESSURIZER

1500 psia

1

H.P. CORE LOOP
H.P. CONDENSATE

STORAGE TANKS
H.P. BLANKET LOOP

VAPOR VENT LINE

FROM BLANKET

PRESSURIZER

f=r-
CORE CORE CORE

VENT DUMP LETDOWN

VALVE VALVE VALVE

FUEL

FEED

PUMPS

EVAPO

RATOR

CORE

D20
PUMPS

BLANKET

D20
PUMPS

L.P. CONDENSATE

STORAGE TANKS
I I

SLURRY

FEED

PUMPS

EVAPO

RATOR

-F=\~
SLURRY BLANKET BLANKET

LETDOWN DUMP VENT

VALVE VALVE VALVE

BLANKET

DUMP

TANK
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or contamination of the fuel solution with fixing
agents. Because the letdown of iodine-carrying
condensate is estimated to be only about 15
gal/day, pump-up of fresh condensate to the
high-pressure system would be required only
at relatively long intervals. On the other hand,
the electrical requirement for vaporizing water
in the stripping column is ~ 120 kw.

34

Studies indicate that if this stripping-column
system is not used some gain in breeding ratio
can be obtained by mixing the condensate streams
from the core and blanket system pressurizer
condensers. Xenon would thus be transferred

from the core to the blanket, where the xenon
probability of decay is increased with respect
to the probability of neutron capture.
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7.1 BREEDING RATIO IN THORIUM BkrEDER

REACTORS

A study was made of the effect that various
values of rj in the resonance energy region
would have on the breeding gain and critical
concentration of various spherical reactors.
The calculations were performed on the UNIVAC,
with the Eyewash multigroup-multiregion code.
Twenty-seven fast groups, one thermal group,
and four space regions (core, Zircaloy-2 core tank,
blanket, and pressure vessel) were employed.
The reactor was fueled with U233 at 280qC, and
in all cases it was assumed that no poisons were
present. To obtain a comparison with results ob
tained for a simpler model which does not account
for resonance fissions in U233, the same reactor
cases were calculated by use of a two-group,
two-region code.

An estimate of the value of rj for U as a
function of energy was made by fitting a histogram
to the cross-section curves in BNL-325, as

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

2T. B. Fowler, Oracle Code for a General Two-
Region, Two-Group Spherical Homogeneous Reactor
Calculation, ORNL CF-55-9-133 (Sept. 22, 1955).

suming average values for the scattering cross
section. It is believed that the resulting values
for 7] at high energies are lower than the actual
values. The value of v, which is nearly in
dependent of energy in the low and intermediate
resonance region, was assumed to be 2.52 neutrons
per fission; this was combined with the absorption
and fission cross sections to give values for
r\ . The resulting histogram for rj as a function
of energy is given in Fig. 7.1(a). These values
are more conservative than those derived from

cross sections reported by Roberts and Alexander;4
the latter values are also given in Fig. 7.1(a).
The importance of the value for rj as a function
of energy in influencing breeding ratio is indicated
in Figs. 7.1(6), (c), and (d), which give the per
cent of total fissions occurring in the various
energy groups for three core-thorium concentrations.

Reactors having Th02-D20 slurry blankets were
considered, with the core region containing either
a fuel solution or a fuel slurry. The specific
reactor sizes and fuel concentrations studied

are given in Table 7.1.

D. J. Hughes and J. A. Harvey, Neutron Cross
Sections, BNL-325 (July 1, 1955).

J. T. Roberts and L. G. Alexander, Cross Sections
for OCUSOL-A Program, ORNL CF-57-6-5 (July 11,
1957).

Table 7.1. Reactor Sizes and Fuel Concentrations Investigated

Core

Inside

Diameter

(ft)

Pressure-Vessel

Inside Diameter

(ft)

Blar

(g pe

L . i ,233
ket U

r kg of Th)

Blanket Thorium

Concentration

(g/liter)

Core Thorium

Concentration

(g/liter)

4 9 0

0

0

250

500

1000

0

0

0

6 10 3.0

3.0

3.0

1000

1000

1000

0

150

300
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The breeding gain and U critical concentration
obtained from the Eyewash and also from the
two-group models are given in Figs. 7.2 and
7.3. From these curves, it may be seen that
the breeding ratio is the parameter most sensitive

to the value of rj . The loss in breeding ratio,
due to a reduced value of 77 in the resonance
region, is most marked for the slurry-core systems.
For these reactors, fissions of U in the
resonance region become more important as the
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core loading is increased. This "hardening" of
the spectrum is illustrated by the histograms in
Figs. 7.1(6), (c), and (d).

Since the values of 77 used in the Eyewash
calculation are believed to be low, estimates were
made of the breeding ratios using (1) the higher
77 values derived from the averaged U cross
sections reported by Roberts and Alexander and
(2) 77 independent of energy. These latter
results, shown in Figs. 7.2 and 7.3, were ob
tained by a perturbation calculation using the
Eyewash fission spectrums. These estimates
are close to the values obtained with the two-

group model.

In making these calculations it was assumed
that the average value of 77 for U in the
resonance region is nine-tenths of rj at thermal
energies. Recent experimental data have in
dicated that 77 varies rapidly and widely in
the region from 1 to 8 ev. Because of the un
certainty in 77, the results of this study should
be considered only as an indication of the way
in which the calculated breeding gain varies
with method of calculation and interpretation of
the cross-section data.

In general, it was found for a heavily loaded
blanket (or core) that the two-group values of
total neutron leakage were overestimated relative
to the total leakages obtained from the multigroup
calculation (the multigroup model allows for
competition between fast absorptions in fuel
and fast leakage, while the two-group model
assumes that fast leakage occurs before any
resonance absorption occurs). Conversely, the
ratio of thermal to fast leakage was underes
timated by the two-group method. Table 7.2 is
a comparison of the neutron balances obtained
with Eyewash and with the two-group model,
for one of the solution-core reactors studied.

The "fast" absorptions in the multigroup neutron
balance are the sums of the 27 fast groups.
The fast effect, e, is defined by the ratio:

Total number of fissions at all energies
e = .

Number of thermal fissions

E. H. Magleby et al.. Energy Dependence of 77
for the Region 0.1 to 8.0 ev, IDO-16366 (Nov. 19,
1956).
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Table 7.2. Comparison of Eyewash and Two-Group

Neutron Balances for a Solution-Core Reactor*

Absorpt ions per 100

Absorpti ons by U233

Eyewash Two-Group

U233

Fast, core 15-0

Thermal, core 85.0 100.0

Thorium

Fast, blanket 31.8 27.1

Thermal, blanket 87.7 98.1

Zirconium

Fast 0.3

Thermal 3.6 3.6

Blanket leakage

Fast 0.8

Thermal 0.3 0.4

Total 223.7 230.0

Critical U 33 concentration, 3.52 3.41

g/l iter

Breeding ratio 1.195 1.252

e 1.14

*Reactor specifications: core diameter, 4 ft; pressure-

vessel diameter, 9 ft; core-tank thickness, L in.; pres

sure-vessel thickness, 6 in.; blanket thorium concen

tration, 1000 g/liter; no U233 in blanket.

7.2 TIME-DEPENDENT STUDIES OF

SLURRY-CORE, SLURRY-BLANKET THORIUM

BREEDER REACTORS

Previous reports6 have discussed time-dependent
studies of solution-core, two-region breeders op
erating at 60 Mw. Similar results have also been
obtained for two-region breeders having various
concentrations of thorium in the core volume.

The core diameter was set at 4 ft, the blanket
thickness at 2\ ft, and the blanket thorium
concentration at 1000 g of Th per liter. The
core thorium concentrations studied were 100,
150, and 200 g of Th per liter. As before, the

°P. R. Kasten et al., HRP Quar. Prog. Rep. Oct. 31.
1957, ORNL-2432, p 42; M. Tobias, M. W. Rosenthal,
and T. B. Fowler, Time-De pendent Studies of the
Nuclear Characteristics of HRE-3, ORNL CF-57-12-1
(Dec. 31, 1957).
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moderator was heavy water in both core and
blanket volumes, and both regions operated at
a mean temperature of 280°C; the Zircaloy-2
core tank was 0.33 in. thick. Calculations were
performed in terms of a constant total power of
61.5 thermal megawatts. The same chemical
processing flowsheet was assumed as before,
with the important exception that no hydroclone
processing was employed for the slurry-core cases.

Results given in Figs. 7.4 and 7.5 are for a
core thorium concentration of 150 g of Th per
liter and are typical of all cases studied in
their important features. As with solution-core

1.26
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1.14
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Fig. 7.4. Breeding Ratio, Core Poison Fraction, and
Blanket Poison Fraction as Functions of Time for a

60-Mw Thorium Breeder Reactor.
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reactors, there is a small but relatively rapid
initial drop in breeding ratio during the first
100 days following reactor startup. This is
due to the neutron captures in protactinium as

its concentration rises and approaches equilibrium
conditions. The buildup of protactinium is quite
similar to the behavior seen in the solution-core
cases. Equilibrium protactinium levels are
reached in both the core and the blanket long
before chemical processing is started. This
period is followed by a more or less linear fall
in breeding ratio with time due to core poison-
fraction buildup. Initiation of blanket processing
produces a relatively minor change in slope of
the breeding-ratio-time curve, in contrast to
the sharp break caused by the start of core
processing. That the buildups of the poison
fractions and the higher isotopes are linear with
time may also be observed, with U in the
core being the most important higher isotope.
As can be seen from Table 7.3, the other isotopes
are comparatively minor constituents, even at
1500 days. It is interesting to note that, despite
the absence of hydroclone separation, the core
poison fraction still takes two or more years
to reach a 7% level because of the large fission
cross section required by the presence of Th02
slurry in the core. Table 7.3 lists results for
the various cases considered.

In these calculations there was no allowance

for the poisoning effect of accumulated corrosion
products. The absence of hydroclone processing
would result in retention of all corrosion products
in the core system, and, for the same corrosion
rate, the cross section of corrosion products
is about four times7 as great as in a solution-
core system using hydroclones. However, the
higher critical concentrations in slurry-core
systems compensate for this, and the poison
fraction in the core with 200 g of Th per liter
could be about the same as in a solution-core

reactor.

The critical concentration of U in the core

displays a small but steady rise; this contrasts
with solution-core reactors, where the critical
core concentration is found to be strikingly
constant. Solution-core reactors, because of
their longer thermal diffusion length, are more

7M. W. Rosenthal and T. B. Fowler, Nuclear Compu
tations for HRE-i Design: Equilibrium Results, ORNL
CF-57-7-23 (July 10, 1957).



PERIOD ENDING JANUARY 31, 7958

Table 7.3. Comparison of Breeding Ratios, Poison Fractions, and Isotope Levels in Two-Region
Breeder Reactors with Various Concentrations of Thorium in the Core*

Time Breeding
Ratio

Core

Poison

Froction

Blanket

Poison

Fraction

Core Isotopes (g/liter) Blank st Isotopes (g/liter)
(days) U233 11234 11235 LI23C Pa233 (J233 |J234 IJ235 11236 pa233

Blanke

Solution>Core Reactor;
t processing starts at 490 c

:ixed Poison Fractior

ays; core processing
3.6%**

starts at 910 days

100 1.158 0.041 0.018 3.8 0.2 5 x 10-3 io-4 0 0.4 2 x 10-3 5 x IO"6 io-8 0.25

400 1.143 0.055 0.021 3.8 0.6 0.05 6 x IO"3 0 2.4 0.03 2 X IO"4 2 x IO"6 0.31

490 1.140 0.060 0.022 3.8 0.7 0.06 0.01 0 3.0 0.04 4 x IO-4 4 x IO"6 0.32

910 1.124 0.080 0.025 3.9 1.3 0.14 0.04 0 3.1 0.06 io-3 2 x 10-5 0.29

1200 1.123 0.079 0.026 3.9 1.6 0.18 0.07 0 3.0 0.07 io-3 3 x IO"5 0.28

Slurry-Core Reactor; 100 g of Th per Liter, in Core as ThO-
Blanketprocessing starts at 720days; core processing starts at 700days

120 1.175 0.028 0.018 8.6 0.2 3 x 10-3 4 x IO-5 0.28 0.4 2 x IO"3 2 x IO-6 2 x IO"9 0.23

400 1.155 0.050 0.020 9.0 0.7 0.03 io-3 0.28 1.7 0.01 7 x IO"5 3 x IO-7 0.24

700 1.140 0.071 0.021 9.3 1.1 0.07 5 x IO"3 0.27 3.0 0.03 3 x IO"4 2 x IO"6 0.24

1000 1.139 0.072 0.023 9.4 1.5 0.11 0.01 0.25 3.1 0.04 5 x IO"4 5 x IO-6 0.22

Slurry-Core Reactor; 150 g of Th per Liter, as ThO,
Blanket processing starts at 780 days; core processing starts at 980 days

120 1.185 0.026 0.018 11.8 0.2 2 x IO-3 2 x IO"5 0.34 0.3 IO"3 IO"6 io-9 0.21

400 1.169 0.042 0.020 12.2 0.7 0.02 6 x IO"4 0.34 1.5 0.01 4 x IO-5 IO"' 0.22

780 1.153 0.061 0.021 12.7 1.2 0.07 4 x IO"3 0.32 3.1 0.03 2 x IO"4 2 x IO"6 0.22

1000 1.146 0.070 0.022 13.1 1.5 0.10 7 x IO"3 0.31 3.1 0.04 4 x IO"4 3 x IO"6 0.21

2000 1.144 0.073 0.024 13.6 2.7 0.24 0.04 0.30 3.1 0.05 8 x IO"4 IO"5 0.21

120 1.192 0.024

820 1.164 0.052

1500 1.151 0.071

2000 1.149 0.072

Slurry-Core Reactor; 200 g of Th per Liter, as ThO-
Blanket processing starts at 820 days; core processing starts at 1360 days

0.018 15.6 0.2 2 x IO-3 10"5 0.38 0.3 10~3

0.O21 16.7 1.3 0.06 3 x 10~3 0.37 3.1 0.03

0.023 18.0 2.2 0.15 0.01 0.34 3.1 0.04

0.024 18.4 2.9 0.22 0.02 0.34 3.1 0.05

io-6 10-' 0.19

2 x IO-4 IO"6 0.21

5 x IO"4 6 x IO"6 0.20

7 x IO"4 io-5 0.20

*Core diameter, 4 ft; blanket thickness, 2/7 ft; reactor temperature, 280°C; fixed poison fraction, 1.8% (except in the solution-core case);
blanket thorium concentration, 1000 g of Th per liter, as ThOjj coreThorex processing startedat 7% poison fraction (except in the solution-core
case); blanket Thorex processing started at U blanket concentration of 3 g/liter.

**Xenon, 1%; Sm group, 0.8%; Cu, 0.8%; fixed poison fraction associated with the solubility product of the precipitable fission products, 1%.

sensitive to the growth of fuel in the blanket
than slurry-core machines. The latter have less
thermal neutron leakage from core to blanket,
and core-poison and higher-isotope growth are
less well compensated by the rise of fuel level
in the blanket.

It should be noted that the nuclear computations
in this study were performed by use of a two-group
model which makes no provision for absorption
in fuel at neutron energies above thermal. The
breeding-ratio values therefore do not include
the effect of resonance absorptions discussed

in Sec 7.1; however, it is believed that the general
shapes of the curves in Figs. 7.4 and 7.5 would
not be altered even though resonance absorptions
were considered.

7.3 HEAT GENERATION RATES IN

HRE-3 CORE VESSEL

Revised heat generation rates in the core tank
of HRE-3 type reactors for several conditions
are presented in Table 7.4. The total heat
generation rates shown are lower than the values
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Table 7.4. Heat Generation Rates in Core Tank of HRE-3 Type Reactors0

Heat Generation

Core

Fuel

Type

Core

Power

(Mw)

Blanket

Power

(Mw)

Blanket

Thorium

Concentration

(g/liter)

Blanket

Uranium

Concentration

(g/liter)

Core

Poison

(%)

Blanket

Poison

(%)

(w/cc)

Case Core-Wall

Capture

Gammas

Total

1 Solution 50 0 1000 0 0 0 0.57 9.10

2 Solution 50 11.6 1000 3 0 0 0.60 9.84

3 Solution 50 20.2 1000 5 0 0 0.63 10.4

4 Solution 50 0 1000 0 6 0 0.53 8.93

5 Solution 50 10.9 1000 3 6 2 0.56 9.63

6 Solution 50 0 500 0 0 0 0.75 9.53

7 Solution 50 12.6 500 3 0 0 0.80 10.4

8 Solution 50 22.7 500 5 0 0 0.84 11.1

9 Solution 50 0 500 0 6 2 0.70 9.37

10 Solution 50 11.9 500 3 6 2 0.74 10.2

11 Solution 50 0 0 0 0 0 2.5 10.7

12 Solution 50 0 0 0 6 0 2.3 10.6

136 Solution 367.9 117.6 1000 4 8 3.4 2.5 28.1

14 Slurryc 50 11.7 1000 3 6 2 0.15 6.08

15 Slurryc 55.6 5.3 1000 3 6 2 0.17 6.76

16 Slurryc 50 8.1 1000 5 6 2 0.16 6.22

17 Slurry^ 50 14.3 500 3 6 2 0.22 6.59

18 Slurryc 50 0 0 0 0 0 0.77 7.96

196 Slurryc 444.8 40.7 1000 4 8 2.7 0.60 17.3

Core diameter, 4 ft; ID of pressure vessel, 9 ft; core-tank thickness, L in.; moderator, DoO. See footnote (b) for
exception.

Core diameter, 6 ft; ID of pressure vessel, 10 ft.

c200 g of Th per liter.

previously reported by about 10% for blankets
containing thoria and by about 25% for pure DjO
blankets. The results presented here are based
on a more refined method of calculating the
heat generation rate resulting from core-wall
capture gammas. (There is no change in the
energy contribution resulting from gammas origi
nating in the core and blanket.) The previously
reported values were obtained by accounting for

8P. R. Kasten et al., HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 41.
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buildup by dividing all attenuation coefficients
by 1.2. In the present calculation the buildup
factor was explicitly calculated by means of a
technique that permitted the buildup factor to
vary as a function of the number of relaxation
lengths. The details of this method are presented
elsewhere.

H. C. Claiborne and T. B. Fowler, Heat Generation
Rates in Core Tank of HRE-3, ORNL CF-57-12-45
(Dec. 12, 1957).



The revised values for the core-wall capture-
gamma contribution are given in Table 7.4 and
are 62% lower than the previous values. Two
additional cases (cases 13 and 19 in Table 7.4)
are presented to illustrate the magnitude of the
heat generation rate in power reactors utilizing
either a solution- or slurry-type core. Results
are for a total power of 485.5 Mw and show that
a reduction from 28 to 17 w/cc (38%) occurs by
substituting a slurry core for the solution core.

7.4 PHYSICAL CHEMISTRY OF SLURRIES

7.4.1 Thorium Oxide Preparation

The properties of an oxide produced by precipi
tation and subsequent calcination may be in
fluenced by the length of time the precipitate is
allowed to stand in the supernatant liquid.
Digestion of the precipitate allows fine particles
to dissolve and redeposit. If, by this process,
crystallites were filled, more compact and struc
turally stronger particles could result. Thorium
oxalate which was digested for 48 hr and then
filtered and dried at 120°C had a surface area

of 4.6 m /g, as compared with 12.7 m /g for
thorium oxalate which was not digested. Also,
digestion of freshly precipitated thorium oxalate
in supernatant liquid followed by filtration, drying,
and stepwise calcination to 800^ resulted in
thoria particles more resistant to degradation
in a Waring Blendor than those particles prepared
without digestion. Thoria produced from digested
precipitates had a lower cake resuspension index

PERIOD ENDING JANUARY 31, 19S8

(CRI)1 ' than did thoria prepared from un
digested precipitates. This is shown in Table
7.5, along with other thoria properties (the CRI
is low if the oxide particles are resistant to
degradation).

Data obtained to date indicate that thoria with

a CRI of zero will not form cakes or spheres
during circulation; therefore the use of digestion
in oxide preparation may alleviate the thoria
caking problem.

7.4.2 Influence of Surface-Active Agents
on Thoria Slurry Properties

Prior investigation has established that some
surface-active agents such as silicate exert a
favorable influence on thoria slurry properties.
The effect of sodium aluminate has been evaluated

on a laboratory scale. Addition of NaAICL (about
1 wt % based on ThO.) to a flocculated slurry
having a high yield stress resulted in a slurry
having nearly Newtonian properties. No evidence
of diminution of the dispersing effect was detected
after four days of autoclaving at 250°C. In another
test, slurry treated with sodium aluminate was
placed in a rocking quartz tube at 280^; during

10C. S. Morgan, Status Report on ThO, Caking Studies,
ORNL CF-57-9-102 (Sept. 26, 1957). z

"R. B. Korsmeyer et al., HRP Quar. Prog. Rep.
July 31, 1957, ORNL-2379, p 56; April 30, 1957,
ORNL-2331, p 64.

12P. H. Hayes and D. G. Thomas, Thermal Stability of
Sodium Silicate Treated Thorium Oxide Slurry in Dy
namic Tests (100-A Loop Run T-79), ORNL CF-56-11-2
(Nov. 12, 1956).

Table 7.5. Effect of Digestion Time upon Thoria Properties

Digestion Time in Cake Crystall te Surface
50% Size,

After
Time

(hr)

Waring Blendor

(hr)

Resuspension

Index

Size
o

(A)

Area

(m2/g)
W aring Blendor

0 1.16 7 178 10.7 0.7

1 1.16 5.7 202 0.6

16 1.16 0 182 0.9

48 1.16 0 186 9.3 1.0

112 5 0 213
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Fig. 7.7. Laminar Heat Transfer Characteristics of Thoria Slurries.

setup is shown in Fig. 7.8, and the hydroclone
dimensions are given in Table 7.6. The hydroclone
discharged to a receiver at atmospheric pressure.

It was shown16 that a single pass through this
hydroclone would reduce the material greater
than 10 n from 12 wt % to less than 1 wt %,
while the mean diameter was reduced from 1.7
to 0.9 fi. When the overflow (fine) fraction was
again pumped through the hydroclone, 98 wt %
of the overflow solids from the second pass were
less than 2 /z in diameter. The mean diameter
was reduced from 0.9 to about 0.7 fi by the
second pass. Typical results, shown in Fig.
7.9, were obtained with a 25-psi pressure drop

L. L. Bennett and D. G. Thomas, Hydraulic Cy
clones for Thorium Oxide Size Classification, ORNL
CF-58-1-35 (in press).

Table 7.6. Hydroclone Dimensions

Item
Size

(in.)

Hydroclone inside length 3.00

Hydroclone ID at feed port 0.500

Feed-port width 0.10

Feed-port height 0.15

Underflow-port diameter 0.125

Overflow-port diameter, 0.100

vortex-finder ID

Vortex-finder OD 0.125

Vortex-finder length. 0.250

extension into hydroclone
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8. HRE-3 INSTRUMENTATION AND CONTROLS SYSTEM DESIGN

D. S. Toomb

J. R. Brown R. L. Moore

8.1 PLANT POWER DISTRIBUTION SYSTEM

A conceptual one-line diagram and associated
bus-load- survey for HRE-3 were made, indicating
an expected plant electrical operating load of
about 2200 kva, an installed load of about
3900 kva, and showing a generator with a ca
pability of 20,000 kw delivering power to the
transmission line at 13.8 kv. The plant dis
tribution voltage was indicated as three phase,
460 v, derived from three 1250-kva forced-air-
cooled 13.8 kv/460 v, three-phase transformers
whose secondaries could be interconnected by
bus ties in case of breaker or transformer failure.

The suggested grouping of loads on buses was
indicated, and d-c control supplies of 125 and
48 v were shown derived from batteries charged
by motor-generator sets. The 48-v d-c supply
would be used for process control, and the 125-v
system would supply turbine auxiliaries, emergency
lighting, and switchgear power.

8.2 CONCEPTUAL ELECTRICAL EQUIPMENT

LAYOUT

The layout of an electrical equipment room to
house the substation transformers, switchgear,

motor starters, and small distribution transformers
was also made for HRE-3, primarily to indicate
the building space required if the major electrical
equipment were to be located, in one room. Free
standing modular motor-starting equipment was
assumed in order to minimize the conduiting
necessary and to provide maximum flexibility.

8.3 CONCEPTUAL CONTROL-ROOM LAYOUTS

Conceptual layouts of instrumentation and control
panels in a main control room and an auxiliary
instrument room were made for HRE-3. About

1500 ft was shown to be necessary for all this
equipment. The main control room would house
only those instruments and controls necessary
for startup and operation of the reactor, to
minimize operation confusion. Data-collection
instruments, auxiliary transducers, thermocouple
patch panels, solenoid-valve cabinets, nuclear-
instrument amplifiers and power supplies, etc.,
would be located in the auxiliary room, which
should be in proximity to the main control
room.
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9. DEVELOPMENT OF FUEL-SYSTEM COMPONENTS

I. Spiewak

J. M. Baker B. A. Hannaford J. C. Moyers
R. Blumberg J. K. Hayes I. K. Namba
J. S. Culver E. C. Hise H. R. Payne
B. D. Draper P. P. Holz H. C. Roller
C. H. Gabbard C. G. Lawson D. L. Snyder

J. E. Mott

9.1 RECOMBINER DEVELOPMENT

9.1.1 High-Pressure Recombiner

Reconstruction of the high-pressure recombiner
loop was completed, with Inconel being used in
regions where stainless steel had previously
suffered caustic cracking. The system operated
at 600 psi for 500 hr, including 310 hr with the
steam containing 5% of a stoichiometric mixture of
hydrogen and oxygen and with a recombiner tem
perature of 500°C. The run was terminated as a
result of failures in two nozzle attachment welds

on the stainless steel boiler.

Specimens of titanium and zirconium alloys and
of Croloy 16-1 were removed for metallographic
examination. Two specimens of crystal-bar zir
conium exposed to superheated vapor had disinte
grated, although Zircaloy-2, similarly exposed,
was visually intact. Titanium-jacketed thermo
couple wells indicated the same temperature as
stainless steel reference wells; phase transforma
tions noted in previous specimens apparently
cannot be attributed to local high temperatures
generated by Ti-H2-02 interaction.

Operation of the loop will be resumed after in
stallation of an Inconel boiler. A 1500-psi natural-
circulation recombiner is also being constructed
for testing in this system.

9.1.2 Syracuse Contract

Syracuse University has confirmed the existence
of explosive reactions, involving very weak pres
sure rises, in steam containing as little as 6%
stoichiometric H2-02. Experiments in a 1-in. tube
showed that variations in the method of ignition
did not affect the reaction limits or the developed

pressures.

9.2 CENTRIFUGAL PUMPS

9.2.1 20-cfm Allis-Chalmers Blower

The 20-cfm canned-motor blower was operated
for 428 hr with thorium oxide slurry used as the

hydrostatic bearing fluid. However, the solids did
not remain suspended and the concentration aver
aged only 2 g/liter, in spite of the fact that an
external circulator was used in an attempt to
sweep slurry out of stagnant areas. No measurable
bearing wear was noted.

The blower loop is currently being prepared for
a long-term run at elevated temperature and
pressure.

9.2.2 4000-gpm Byron Jackson Pump

A series of runs was completed in which motor
heat removal and fluid mixing were investigated
for the Byron Jackson 4000-gpm pump. It was
found that the external heat exchanger in which
heat is transferred from motor-bearing water to
cooling water is essential in preventing motor
overheating. The mixing flow between motor fluid
and pump fluid, shown in Fig. 9.1, was found to
vary between 36 liters/hr at zero purge flow and
0.2 liter/hr at 136 liters/hr of purge. The high
mixing rate at zero purge is attributed to recircu
lation around the outside edge of the thermal
barrier and through the shaft seal. This recircu
lation is blocked at high purge rates when back
pressure on the motor side increases. It is con
cluded from these tests that purge rates of 60 to
150 liters/hr would be adequate for this particular
pump. However, no general conclusions can be
drawn about purge requirements of this pump de
sign because the size of the recirculation path is
dependent on close tolerance fits.

The loop has been shut down for an extended
period for conversion to slurry operation.

9.2.3 Reliance 6000-gpm Pump

The preliminary hydraulic and electrical design
of the Reliance 6000-gpm pump, a prototype of the
HRE-3 fuel pump, was completed. The motor will
be a single-winding, reconnectable two-speed
machine designed to operate at 3600 and 1800 rpm.
The lower speed will be used to bring the system
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Fig. 9.1. Effect of Purge Rate on Mixing Rate in
4000-gpm Byron Jackson Pump.

up to temperature and pressure at reduced flow.
Pump and motor characteristics are shown in
Fig. 9.2 and Table 9.1.

The proposed mixed-flow impeller should be
operated between 5000 and 6000 gpm because the
efficiency drops off rapidly outside these limits,
as shown in Fig. 9.2. The decrease in efficiency
is caused by turbulence and recirculation within
the impeller channels, which would probably re
sult in reduced pump life.

Three insulation-test stators, which will be
irradiated by ORNL, have been delivered by
Reliance Electric & Engineering Co. They were
built with the proposed insulation system of the
6000-gpm pump, as well as that of the HRT pumps.
The first was installed in the HRT, and the other
two will be irradiated in a Co source. Measure

ments will be made of electrical resistance, break
down voltage, and hydrogen buildup vs radiation
dosage.

9.3 OXYGEN COMPRESSORS

The Pressure Products Industries diaphragm
compressor has continued its satisfactory service
on the HRT mockup.
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Table 9.1. Predicted Performance of 6000-gpm-Pump
Motor

Two-Pole Four-Pole

Performance Performance

Horsepower 250 31.3

Efficiency, % 80 76

Power factor, % 86.8 61.7

Speed at full load, rpm 3452 1762

Slip, % 4.08 2.1

Starting torque (% of 76 178

full load)

Breakdown (max) 214 424

torque, %

Full-load current, amp 351 61

Starting current, amp 1367 344

An order has been placed with Pressure Products
Industries to construct a remotely driven, three-
stage, diaphragm compressor capable of delivering
2scfm of contaminated oxygen from 15 to 2500 psia.
Delivery is expected in July 1958.

9.4 FUEL FEED PUMPS

The Roth turbine pump, which had operated
successfully with water, failed very quickly in
fuel solution as a result of severe impeller cor
rosion in two instances. It was found that the

manufacturer had supplied a type 316 stainless
steel impeller inadvertently nitrided and a type
17-4 PH impeller improperly heat treated. Other
test impellers are on order.

Testing of the Stellite-piston pump was termi
nated after 757 hr of fuel service, owing to gross
wear of the Stellite No. 3 cylinder and the Haynes
alloy 25 rings. This concept has been eliminated
from consideration.

A diaphragm head containing screen tubes of
20-ft Poroloy has operated satisfactorily on the
multipump loop for 476 hr. These filters should
provide complete protection of the diaphragm
against dirt.

'E. C. Hise, Stellite Piston Pump, ORNL CF-57-12-75
(Dec. 16, 1957).

2I. Spiewak et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 52.
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A double-diaphragm feed pump, shown in Fig.
9.3, was designed and built and was operated for
500 hr on the multipump loop. The assembly con
sists essentially of two "standard" heads with a
common solution header. Use of multiple-head
feed pumps of this type in future reactors would
represent a very simple extrapolation of HRT
technology. The test pump supplied 2 gpm at
2000 psi. Its operation was interrupted by a
screen plug-weld failure, attributed to poor weld
fitup and material.

9.5 DUMP-VALVE TRIM

Responsibility for operation of the valve test
loop was transferred from the Instrument Section
to the Component Development Section in October
1957. Since then, five valve trims have been
tested: a palladium plug, which failed in less
than 10 dumps because of mechanical misalign
ment; tungsten carbide flame-coated on type 347
stainless steel, which had excessive leakage
after 450 dumps; two Allegheny Ludlum AM-355
stainless steel plugs, which were deeply eroded
after 20 to 25 dumps (the alloy may not have re
ceived proper heat treatment); a valve with a gold
ring seal, which has retained its integrity after
2000 dumps. A photograph of the gold trim is shown
in Fig. 9.4. This extremely promising valve will
be subjected to further tests.

The future program will consist mainly of long-
term tests of the more promising valve materials.

9.6 TITANIUM PROGRAM

Crane Company completed the fabrication of
test pieces of titanium-lined 3/2-in. and 20-in.
carbon-steel pipe. However, welds in both pieces
failed during hydrostatic testing at 1100 psi and
200 psi, respectively. Crane is attempting repairs.

Chase Brass & Copper Company has extruded a
second length of Slj-in. A-110AT titanium pipe,
which is believed to be satisfactory for use in a
boiling uranyl sulfate pressurizer. The interior
of this section must be bored before it can be used.

Of the four A-110AT caps ordered to mate with
this pipe, only one has been fabricated success
fully; the others are being remade.

An all-titanium letdown heat exchanger was
constructed for the HRT mockup from A-55 pipe
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of such a material are high strength, corrosion
resistance, nongalling characteristics, and prefer
ably a coefficient of expansion close to that of
type 347 stainless steel.

Earlier work indicated that Armco 17-4 PH had
most of the required properties, except for a low
coefficient of expansion. However, recent tests
in which stressed specimens were suspended in
the liquid or in the vapor above U02SO. solution
at 250°C showed severe cracking.

Presently being investigated are Allegheny
Ludlum AM-355, Universal-Cyclops 19-9 DL, and
Timken 16-25-6 stainless steels. Both stressed
and coupon samples are being tested to observe
the corrosion behavior of these materials.

THERMO- ,

COUPLE O

PERIOD ENDING JANUARY 31, 1958

In addition, solution corrosion tests are being
run on a work-hardened 18-8 stainless steel
thread insert, which is commercially available.

9.8 THERMAL-CYCLE FACILITY

The thermal-cycle facility, which is designed to
subject large equipment items to cyclic testing
between 380 and 580°F, has been constructed
and operated. A schematic diagram is shown in
Fig. 9.5. The cycling operation is regulated by a
steam throttling valve which controls the pressure,
and consequently the temperature, of the saturated
steam in the test system. The Besler boiler is
operated at a manually adjusted constant steaming
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rate, the magnitude of which is determined by the
heat capacity of the test piece and the desired
heating rate. Water may be mixed with the steam
during the cooling cycle if rapid cooling is re
quired.

A large autoclave has been used as a test piece
in preliminary runs and has been subjected to 19
thermal cycles to date. The desired cycle con
forms to that proposed for the HRT spare heat ex
changer,4 which is shown in Fig. 9.6; shown also
are typical experimental cycles, which fall within
specification limits. Minor adjustments in control
instrumentation have produced significant improve
ment in the ability to control the cycle.

9.9 HEAT EXCHANGERS

9.9.1 Tube-Joint Test

Two of five tube bundles were removed after

2700 hr of thermal cycling in an environment con
taining 50 ppm CI- and 10-25 ppm 02 in 200°C
boiler water. There was no visible evidence of

cracking in the type 347 stainless steel tubes,
which are joined to a clad carbon-steel tube sheet.
Testing of the remaining three units is continuing.

9.9.2 Heat Exchanger Test Facility5

Contract negotiations for fabrication of heat ex
changers for the heat exchanger test facility are

nearly complete. One conventional U-tube unit
will heat fuel solution from 250 to 300°C, and four
experimental tube bundles will cool the solution
by generating steam. The four test pieces are
mounted in a common steam system. Delivery of
this equipment is expected in the fall of 1958.

9.10 HRE-3 PRESSURIZER DEVELOPMENT

9.10.1 Titanium Equipment for Containing
Boiling U02S04 Solutions

A long-term test to determine the effect of boiling
HRT fuel solution upon a titanium container has
continued for more than 1200 hr at 1500 psi and
313°C. No deleterious effects have been observed

to date.

9.10.2 Heating and Cooling of Steam-Oxygen
Mixtures

The stainless steel natural-circulation loop built
to determine heating and condensation coefficients
of steam-oxygen mixtures and to obtain vapor cor
rosion information was placed in operation. The
system pressure was maintained at 1500 psi, while
the partial pressure of oxygen was increased
gradually from 0 to 385 psi. The heating and
cooling data obtained under the above conditions
are being analyzed. Additional measurements will
be taken at higher oxygen partial pressures.

4HRP Specification 1113a.
5I. Spiewak et al., HRP Quar. Prog. Rep. July 31,

1957. ORNL-2379. p 49.
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9.10.3 Gas Dissolving Efficiency of Eductor

In the proposed HRE-3 gas pressurizer design, a
jet eductor is used to contact the pressurizer
vapor with circulating fuel solution to prevent
deuterium buildup in the pressurizer. An eductor
manufactured by Penberthy Injector Co., for use in
the 300A pump loop,6 was tested at atmospheric
pressure while contacting water and oxygen. Re
sults are shown in Fig. 9.7. Although a contacting
efficiency of 60% was obtained at the design flow
of 25 gpm of liquid (which pumped about 1.5 cfm of
gas), the efficiency fell off rapidly at lower flow
rates.
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9.11 HEAT TRANSFER FROM HRE-3 CORE

WALL TO CORE SOLUTION

Measurements to determine the heat transfer

rates from the HRE-3 core wall to the circulating
fuel solution are being made. Preliminary measure
ments on a 4-ft-dia core, at a point located on an
azimuth 150 deg from the concentric inlet-outlet,
with water at room temperature indicated a forced-
convection heat transfer coefficient in excess of
2000 Btu/hr/ft2/°F at a flow of 6000 gpm. The
heat transfer coefficient varied with the velocity
to the 0.75 power over the flow rate range of

6I. Spiewak et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 51.
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1500 to 6000 gpm. Tests are being conducted to
determine the forced-convection heat transfer

coefficient as a function of position on the core
wall. The effect of surface irregularities intro
duced by the measuring equipment will also be
examined.

If HRE-3 surface coefficients were actually to be
2000 or above, the core-tank surface would be
very close to fluid temperature.

9.12 DEVELOPMENTOF SLURRY COMPONENTS

9.12.1 300A Slurry Loop

Fabrication of the main piping for the 300A slurry
loop was completed, and completion of auxiliary
piping, electrical work, and instrumentation is
expected shortly.

A full-scale glass model of the loop was operated
with water and with thorium oxide slurry, primarily
to check the operation of the pressurizer. Flow
studies with water and dye injection showed that,
with a net downward flow in the pressurizer, there
were no undesirable vortices or stagnant regions.
With no flow through the pressurizer, transient
vortices were observed extending up about 6 in.
from the T-connection between the pressurizer and
the loop.

Operation of the system with slurry prepared from
1600°C-fired Th02 at a concentration of 1000 g
of Th per kg of H20 revealed that downward flow
was necessary to prevent stagnation and sedimen
tation in the pressurizer.

The only problem uncovered in the flow tests
was the carry-under of small gas bubbles, which
may affect pump operation adversely, at downward
flows greater than 0.13 fps.

9.12.2 Feed Pumps

The problem of feeding high-concentration Th02
slurry is being approached by two methods. A
diaphragm head having a contour on the inter
mediate side and a recessed chamber on the pump
ing side is being constructed. It is so arranged
that the diaphragm will operate only from the
intermediate contour to center, thus avoiding the
possibility of trapping slurry particles between the
diaphragm and contour face and thus deforming or
overstressing the diaphragm. A remote-leg test
facility is being constructed, in which the check
valves are mounted at some distance below a

standard head and connected thereto by a glass
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vertical leg. It will be used to determine whether
it is possible to maintain a water-slurry interface
in the oscillating vertical column and to pump
slurry through the check valves while the dia
phragm operates in water.

A slurry multipump facility, consisting of a
storage tank, a circulating pump, and a low-
pressure piping loop with twelve flanged entries,
has been designed. It is intended to provide a
well-agitated, constant-concentration supply of
slurry to the suction of test feed pumps and a
receiver for the discharge after it has been let
down to low pressure.

9.12.3 Slurry Check-Valve Material Test

The test facility for evaluation of slurry check-
valve materials was charged with a 1600°C-fired
slurry containing about 200 g of Th per liter. This
slurry, however, contained an excessive amount
of solids larger than 10 yu Check-valve seats of
type 347 stainless steel failed in 17 hr; Stellite
No. 1, in 100 hr; and the Stellite Star J balls
suffered severe uniform weight loss. Balls and
seats of Kennametal K501 (platinum-bonded tung
sten carbide) appeared to be in excellent condition
after 160 hr. Testing was suspended for loop
revisions aimed at resolving problems of slurry
settling.

The revised system was started up with ALO,
valve trim under test. Other materials to be

tested are boron carbide, 17-4 PH stainless steel,
titanium, three grades of tungsten carbide, and
two grades of titanium carbide

9.12.4 Separation of Water from Th02 Slurry

Several approaches to the problem of supplying
purge water for slurry systems are being investi
gated as alternates to the obvious evaporation
method.
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A small sintered stainless steel filter has been

constructed and will be tested as soon as a suit

able system is available.

A 57-in.-long, 12-in.-dia horizontal settling tank
has been constructed for testing in the glass model
of the 300A loop. Twenty-five gallons per minute
of slurry will pass through this section, and it is
hoped that 1 gpm of clear water can be withdrawn
from the top of the exit end.

A continuous centrifuge will also be tested.

9.12.5 30-in. Low-Pressure Model of HRE-3

Blanket

Design and fabrication of a 30-in. HRE-3 blanket
model were begun. Figure 9.8 shows the layout of
this vessel. Slurry enters at a nominal 300 gpm
through a jet eductor, which increases the apparent
throughput, and flows upward between the shroud
and the core vessel. Slurry leaves the vessel at
either the top or the bottom.

Discussions with vendors indicate that approxi
mately 2.5 times the input flow should circulate
through the shroud.

Subassembly tests of the jet and the shroud are
planned so that spacing in the final assembly can
be optimized. The proper angle for the bottom
cone will also be determined experimentally.

9.12.6 Slurry Dump Tanks and Evaporators

A slurry dump-tank—evaporator model was de
signed and is being built. The model is a vertical
6-in.-dia glass pipe 6 ft long containing a 2-in.-dia
4-ft-long stainless steel draft tube with holes
drilled in the side to permit cross flow of slurry
at low-level operation. A steam coil for heating
and boiling the slurry is located within the bottom
18 in. of the draft tube. A condenser is located in

the vapor space. The equipment will be used to
determine (1) the feasibility of the design concept
for a slurry dump tank, (2) the foaming tendency,
if any, of slurry steam mixtures, and (3) under what
heat flux condition, if any, a submerged steam-
heated tube will cause slurry dehydration.
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Fig. 9.8. 30-in. Low-Pressure Model of HRE-3 Blanket.
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10. DEVELOPMENT OF REACTOR SLURRY SYSTEMS

R. B. Korsmeyer F. N. Peebles

D. G. Davis
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C. H. Gibson

V. L. Kenyon
L. F. Parsly
M. Richardson

A. N. Smith
C. F. VandenBuIck1
R. P. Wichner2

10.1 CIRCULATING-SLURRY BEHAVIOR

Slurry and water were circulated in S, T, and
200A loops for over 4103 hr during the quarter.
These runs are summarized in Table 10.1.

10.1.1 200-gpm-Loop Operation

Run 200A-14, conducted in order to determine
the degradation characteristics of 1600cC-fired
oxide, was terminated after 3787 hr at 300^
and 2000 psig. During the last 1000 hr of cir
culation the mean particle size was 1.8 /z, as
compared with 2.5 n during the first 1500 hr.
However, the nitrogen adsorption surface area
was constant at 1.6 m2/g for the entire run.
Spheroidal particles observed earlier disappeared
with continued circulation. The iron-to-thorium
ratio increased linearly during the entire run
according to the equation Fe/Th = 0.0024< + 0.1,
where t is the time in hours, Fe/Th is grams
of iron per kilogram of thorium, and the constant
term represents the iron contamination in the
oxide as charged.

When the run was terminated, the slurry was
easily removed from the loop; no cakes or films
were found. The impeller, which lost 80 g out
of a total of 2073 g, had no areas of extreme
wear (Figs. 10.1 and 10.2). However, the scroll
liner was heavily eroded near the seal rings
(Fig. 10.3). The upstream side of the 1/£-in.
orifice had a hammered appearance (Fig. 10.4),
but there was only negligible attack on the down
stream face. The 1Ij-in. orifice showed similar
attack except to a lesser extent.

The lower Graphitar radial bearing was worn
approximately 0.038 in. uniformly along its
length (not a bell-shaped worn area as in run
200A-11). The upper Graphitar radial bearing
was worn 0.012 in. Very little wear, less than

^n loan from Union Carbide Nuclear Co., New York
office.

2Attending Oak Ridge School of Reactor Technology.
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0.002 in., was observed on the Graphitar thrust
runner. Figure 10.5 shows the good condition
of the cast Stellite-19 Kingsbury shoe. Both
the cast Stellite-19 journals were damaged to
some extent (Fig. 10.6). The upper bearing
appeared to have run dry at some time during
the run and had small cracks in a band around
the journal. At the corresponding location the
upper Graphitar bearing had failed. The lower
cast Stellite-19 journal showed oxidation attack
at the lower end, apparently because it operated
at approximately 180°C. The rotor was out of
balance rather badly (static imbalance = 12 g/in.,
tolerance <g/in.) at the end of the run, which
probably contributed to the excessive bearing
wear.

10.1.2 100-gpm-Pump Thrust Bearing

A thrust bearing designed for the Westinghouse
100A pump operated satisfactorily for 573 hr on
water in the S-loop pump but failed during a
test with ^OO^-fired spheres of thoria (run
S-109). After a modification in operating tech
niques, a 384-hr test with slurry (run S-110)
was successful, and another run is now in progress

(run S-lll).

10.1.3 100-gpm-Loop Operation

Thoria spheres prepared by circulating 800^-
fired oxide in the 200A loop (run 200A-12) were
refired at 1200^C for 6 hr, mulled to break up
the light clinker, and loaded into S loop (run
S-109) in order to determine the particle integrity
and circulation characteristics of this material.
The slurry settled rapidly into a bed which was
extremely difficult to resuspend and was difficult
to load and sample. Pump failure terminated the
run 7.8 hr after the slurry was charged into the
loop. All evidence indicated that most of the
slurry did not circulate in the loop. A small
amount of cake formed in the vanes of the im

peller.



Test dates

Running time, hr

Objective

Charge

Th02, kg

Water, kg

Additives

Temperature, °C

Pressure, psig

200A-14

7/18 to 12/27

3787

To determine the circu

lation and degradation disappearance of
characteristics of solids from dilute-

^OOX-fired ThCL slurry circulating
stream

30 (LO-22, refired)

71

75 liters 0„

300

2000

Average circulating con- 585
centration, g of Th per
kg of H20

Reason for termination Vibrations in pump;
shut down before

failure

Equi librium mean
particle size, ft

Cake location No cakes or films

Fe buildup in slurry, g 226

Ni buildup in slurry, g 33.8

Cr buildup in slurry, g 12.9

Impeller weight loss, g 80

Orifice-plate weight 3.7385 {]\ in.)
loss, g 1.3742 (llj in.)

incomplete (still running).
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Table 10.1. High-Temperature Slurry Circulation - Run Summaries

S-107

10/2 to 10/14

288

S-108

10/25 to 10/31

133

S-109

11/13

440 on water; 7.8 on
slurry

S-110

11/29 to 12/16

384

bearing assembly integrity and circulation of M0O3 on caking
on water characteristics of and sphere-forming

1200<C-fired spheres tendencies of 800°C-
fired ThO- (rerun of
T-94)

Incremental amounts 6.6 (LO-20)

of LO-7

12.5 12.5 12

25 liters 0, 25 liters 0, 25 liters 0,

250

1600

255

1600

290

1600

149

6.8 (LO-23)

12

43 g M0O3

25 liters 0,

290

1600

679

Scheduled shutdown Inspection of thrust Noise in the pump; rear Scheduled shutdown
bearing thrust bearing failed

No cakes or films

17

Small cake in impeller
vanes; none in loop

Negligible 8.15

Negligible 0.58

Negligible 0.31

Negligible Not examined 2.5

0.1261 Not examined Negligible

0.4 (no spheres)

No cakes or films

25.4

4.68

2,12

14.3

1.4707

Run No.

S-lll

1/6 to I*

of uranium on caking
and sphere-forming
tendencies of 800°C-

fired Th02 (rerun of
T-95)

4.05 (LO-23)

12.1

T-93

9/10 to 10/23

976

lation characteristics

of sulfated slurry con
taining uranium and
molybdenum

15.4 (LO-23)

14.5

T-94

11/7to 11/14

167

of MoO, on caking
and sphere-forming
tendencies of 800°C-

fired ThO,

7.3 (LO-23)

15.3

29 g U03 •H20 86 g Th(S04)2 45 g M0O3

25 li ters °2 197 g U03.H20

97 g M0O3

25 liters 02

25 liters 0

290 290 290

1600

1

1600

1132

1600

725

T-95

12/4to 12/18

331

of uranium on caking
and sphere-forming
tendencies of 800^-

fired ThO,

7.1 (LO-23)

15.3

45 g U03.H20

25 liters 0,

290

1600

720

Pump noisy; hydraulic Scheduled shutdown
unbalance due to

pressurizer-baffles
failure

I (no spheres) 0.4 (no spheres) 0.4 (no spheres)

T-96

12/23 to 1/7

342

of molybdenum and
uranium on caking
and sphere-forming
tendencies of 800^-
fired ThO.

6.0 (LO-23)

15.5

39 g U03-H20

39 g M0O3

290

1600

685

Scheduled shutdown

0.7 (no spheres)

T-97

1/14 to I*

of molybdenum and
uranium on caking
and sphere-forming
tendencies of 800°C-

fired Th02 at 1000 g
Th/kg H20

12.4 (LO-23)

14.8

76 g U03-H20

76 g M0O3

290

1600

I

Scheduled shutdown

0.7 (no spheres)

No cakes or films

71.6

12.35

5.80

35.0

1.0724

No cakes or films No cakes or films No cakes or films I

28.7

4.80

7.71

24.0

0.2948

36.6

5.45

6.44

19

2.0727

17.07

2.52

2.94

25.5

0.8230
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settling test was carried out at 975 hr, and an
inventory of 546 kg in the blanket was estimated
from the bed volume and concentration.

During the period from 1000 to 1220 hr, an
additional 483 kg of thorium was charged to the
loop, bringing the inventory to 1013 kg and the
charged concentration to 720 g of Th per kg
of HjO. Sampling at 1230 hr showed an actual
circulating concentration of 710 g of Th per
kg of H20. During the last 70 hr of charging,
slurry appeared for the first time in the liquid
withdrawn from the upper part of the pressurizer.

A complete sampling of the system was made
in the period 1300-1350 hr. The mean for the

36 samples from the blanket was 623 g of Th
per kg of H.O; the circulating concentration
was 647 g of Th per kg of H20, and the lower
pressurizer sample point gave 1410 g of Th per
kg of H20. The blanket samples indicated high-
concentration regions on the core wall at the
top and on the pressure-vessel wall at the bottom.
The average blanket concentration estimated
from the gamma surveys was 655 g of Th per
kg of H_0, with the heaviest concentration in
dicated near the top. The discrepancy between
the charged and the circulating concentration
amounted to approximately 80 kg of thorium.
In all probability, one-third to one-half of this
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material was in the pressurizer, and the remainder
was in the blanket, either on the core wall or
on the bottom. The latter material might not
be picked up by sampling, either because the
sampling devices did not extend into the heavy
layer or because a true sample was not obtained
from the heavy layer. Effects observed during
settling tests and dumping operations indicate
that there is a tendency for dilute material to
flow out of very heavy beds. This is illustrated
by data from a settling test taken at 1350 hr
(see Table 10.2). The low values of the 2-hr
samples represent this effect.

Table 10.2. Blanket Settling Test at 1350 hr

(Run SM-4)*

Time After Concentrat ion (g of Th per kg of HjO)

Pump

Shutdown

At

Wall

6 in. into

Blanket

12 in. into

Blanket

15 min

1 hr

2 hr

1358

1730

361

1329

1551

1111

1342

1420

345

*Samples taken from bottom row of samplers.

Over a period of 130 hr following the completion
of charging, the circulating concentration de
creased by approximately 100 g of Th per kg of
H20, representing the removal of 140 kg of
thorium from the circulating system.

After the settling test at 1350 hr, reduced-
frequency operation was resumed, the frequency
being reduced to 50, 48, and 46.5 cycles. The
circulating concentration gradually dropped to
approximately 470 g of Th per kg of H20. Op
eration at 60 cycles was then resumed to determine
whether the slurry could be brought back into
circulation. Approximately 15 min after shifting
to 60 cycles, the circulating concentration had
increased to 593 g of Th per kg of HjO, and
24 hr later it was 624 g of Th per kg of H20,
as compared with a calculated charge of 685 g of
Th per kg of HjO at the time. The temperature
was then gradually reduced from 190 to 150^C
over a period of 175 hr. No significant change
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in the discrepancy between charged and cir
culating concentration was observed; the dis
crepancy ranged from 30 to 60 g of Th per kg
of HjO throughout the entire temperature range.

Reduced-frequency operation was again started
at 1825 hr. The frequency was maintained at
46 cycles until 1970 hr, at 44 cycles until 2020 hr,
and at 42 cycles until 2160 hr, the temperature
being increased from 150 to 190°C at 2070 hr.
The discrepancy between the charged concen
tration and the circulating concentration gradually
increased as operation continued at these lower
frequencies at 150°C. It appeared to be a function
both of the frequency and of the time after the
frequency change. When the temperature was
raised to 190 at 42 cycles, a very large discrepancy
between charged and circulating concentration
developed: 267 g of Th per kg of H20 circulating
vs 626 g of Th per kg of H20 charged. Blanket
samples averaged 493 g of Th per kg of H20.
Similar results were obtained in run SM-2 under
somewhat similar conditions.

Between 2160 and 2235 hr, the frequency was
raised from 42 to 50 cycles, with the temperature
being kept at 190°C. The discrepancy between
the charged and circulating concentration de
creased with each frequency increase and leveled
out at approximately 125 g of Th per kg of HO
after approximately 72 hr at 50 cycles.

In the period of 2300-2400 hr, two uranium
additions were made to the system in order to
determine the interchange of slurry between the
circulating stream and the blanket contents. One
700-g addition was charged into the circulating
stream, and 48 hr later a second charge was
injected into the lower pressurizer sample point.

Figure 10.8 shows the results of these experi
ments. The first addition was to the circulating
stream at a point several feet upstream of the pump
suction. The U03 slurry was placed in a 1-liter
bomb and displaced into the loop by flushing
approximately 5 liters of water through the bomb.
The net uranium added was determined by sub
tracting the uranium found in the bomb on subse
quent thorough rinsing from the quantity loaded.
The apparent disappearance of some of the
uranium immediately on its addition and its later
appearance in the circulating stream is believed
to have been due to its adsorption on a large mass
of thoria in the blanket which was stirred up only
infrequently by eddies created by the inlet nozzles.
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Fig. 10.8. Results of Uranium Addition to Circulating Thoria Blanket.

In a period of 2 hr, equivalent to nearly 100 cycles
of the circulating stream around the loop, this
mass became largely intermixed with the main
stream, and the uranium loop concentration ap
peared to have leveled off. This hypothesis is
supported by the discovery that some material
removed from the slurry bed at the bottom of the
blanket contained about 2.5 times the uranium
concentration found in the circulating stream.
Since the apparent uranium exceeds the quantity
added, it is believed that some of the thorium in
the blanket was not mixing with the circulating
stream. This "inactive" thorium is estimated as

approximately 25 kg, of which, part was in the
pressurizer and the rest in the blanket. Confir
mation that some of the thorium in the blanket did
not mix completely with the uranium was found
after the shutdown; some material removed from
the top of the core was comprised of white and
yellow regions. The regions were separated and
analyzed; the white solids were found to be free
of uranium, while the yellow solids contained a
substantial quantity.

The second uranium addition was made in a
similar manner by injecting the uranium into the
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lower pressurizer sample point. A total of 760 g
of uranium was added, of which approximately
640 g rapidly mixed with the circulating slurry;
the rest apparently remained in the pressurizer.

10.2.2 Pressurizer Behavior at Concentrations

Above 500 Grams of Thorium per Kilogram of Water

At 1240 hr, the pressurizer wall temperatures in
the heated zone started rising and in a short time
attained values of over 400°C. In view of the

presence of slurry high in the pressurizer, it was
suspected that a plug had formed in the heated
zone, and corrective action was taken on this
premise. The loop was shut down temporarily to
determine whether the slurry could be removed from
the pressurizer by settling; this proved unsuc
cessful. After approximately 4 hr, the plug was
cleared sufficiently to permit satisfactory operation
of the pressurizer heaters (wall temperatures not
exceeding 270°C) by opening a !^-in. bypass line
from the pump discharge to the upper pressurizer
sample point. This line had been installed for the
purpose of venting the pump scroll and discharge
line during loop filling operations.



The pressurizer plugging trouble continued
intermittently for the rest of the run. In general,
it did not recur with the bypass open when the
circulating concentration was less than 500 g of
Th per kg of H20. It could be made to occur
rather quickly at any time by closing the bypass.
The trouble could be cleared by stopping circu
lation for about 5 min with the bypass open. The
only instrumentation available on the bypass was a
thermocouple, which was installed after the
pressurizer plugging problem occurred. The
behavior of the wall temperature indicated that the
bypass carried much more flow with the pump off
than with it on. During circulation the wall
temperature would drop to about 90°C, and with
the pump off it would rise in a very short time to
within 10°C of the loop temperature. Since the
bypass line connects to the main loop at the
pump discharge, it seemed that the pump interfered
to some extent with thermal convection.

No gamma-ray transmission survey facilities
were available on the pressurizer. However, a
number of emission surveys were made during the
latter part of the run. These indicated a zone of
very high thorium concentration, centered approxi
mately 1 ft below the top of the pressurizer heaters
and 8 to 12 in. long. The difference between the
pressurizer being "plugged" and "unplugged,"
as reflected in the wall temperature, was associated
with approximately a 10% difference in the gamma-
ray intensity in the high-concentration zone.
Observations indicated that the zone was capable
of several inches of vertical displacement. During
one settling test late in the run, the behavior of
the level-indicating differential-pressure cell
indicated that a vapor space actually developed
below the high-concentration zone, while clear
liquid was retained on top of it with the bypass
closed. At the end of the run, when the pressurizer
was opened, a solid layer of thorium oxide was
found in the pressurizer at the level of the high-
concentration zone. This layer was approximately
8 in. thick. Cake-resuspension-index tests on
material from the layer indicated it to be dried
slurry rather than true cake. Thus it is inferred
that in operation the plug existed as a very heavy
thorium oxide mud having a high yield stress.
The mechanism by which the plug formed is
uncertain, although boiling at the heater surfaces
is suspected as the cause.

On a few occasions when- plugging was en
countered, serious pressure excursions occurred
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because of the sudden release of the stored heat
in the pipe wall into the pressurizer when the heat
transfer surfaces were again cleared sufficiently
to permit normal heat transfer. In the most extreme
case the pressure went to 365 psi (the rupture
disk is rated at 375 psi), and at this point it was
relieved to the core through the pressure-balancing
system which limits the core-to-blanket differential
to 50 psi. As experience was gained, the plugging
was recognized at an earlier stage and was cleared
before the wall temperature became high enough
to cause serious pressure excursions.

10.2.3 Dump Operation and Examination
of Equipment

The run was terminated by dumping at 2400 hr.
For the first time, steam spargers were used to
agitate the slurry in the pressure vessel while
the dump was in progress. A marked improvement
in completeness of dumping was observed. The
bed of slurry in the bottom of the vessel lay
entirely below the sparger inlets and contained
approximately 50 liters as opposed to 200 liters
remaining after runs SM-2 and SM-3. Figure 10.9
shows the settled bed in the bottom of the vessel.

One of the inlet nozzles can be seen in this

picture. On the two previous dumps, at least 6 in.
of slurry covered the inlet nozzles. Of 822 kg of
thorium estimated to be in the loop at the end of
the run, 615 kg was recovered in the initial dump.

Evidence of a considerably thicker layer of
slurry on the top of the core than that which
existed in previous runs is given in Fig. 10.10,
which shows the dried slurry layer in that area.
The dried material ranged up to k in. thick. From
this evidence and the data taken during the run,
it is now believed that the lower inlet to the

blanket exit baffle assembly was blocked for most
of the run, probably from about 375 hr on. Thus
the stream intended for sweeping the upper core
surface did not exist. Both the sampling and
gamma-survey data indicated heavy slurry at the
top of the core during the rest of the run.

After the interior of the pressure vessel and
pressurizer had been inspected, the openings
were closed and rinsing operations were begun.
On the first run the pump seized twice, and it was
subsequently found that it had not been vented
properly. No further pump trouble was experienced.
Air was connected to the sparging system and
was used for agitation during the draining of all
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there were stagnant regions within the vessel.
There was a tendency for thoria to accumulate on
the top of the core and at the bottom of the
blanket. Some revisions to the exit baffle

arrangement may be required to correct the core
accumulation.

2. At concentrations above 500 g of Th per kg of
HjO, there was a tendency for thoria to accumulate
in the pressurizer, and a rather tenacious mass
developed near the top of the pressurizer heaters.
This behavior was also observed5 in run CS-41.

PERIOD ENDING JANUARY 31, 1958

3. At comparable conditions of flow and temper
ature, suspension achieved with the 1k-in. inlet
nozzles appeared better than that achieved with
the 2-in. nozzles installed in the HRT. The
2-in. nozzles are being reinstalled prior to the
next run to confirm this conclusion.

4. Steam or gas sparging is required to maintain
the slurry in suspension during dumping operations.

5E. L. Compere et al., HRP Quar. Prog. Rep. Oct.
31, 1957. ORNL-2432, p 92.
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11. INSTRUMENT AND VALVE DEVELOPMENT
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11.1 INSTRUMENT DEVELOPMENT

11.1.1 High-Temperature Radiation-Resistant
Differential Transformers

The development of differential transformers for
sensing motions of instrument primary elements
and capable of operating for long periods of
time at high temperatures and in nuclear radiation
fields is continuing. Tests performed on the units
previously described * have yielded the following
information:

1. ORNL design, Sprague Electric Co. Ceroc-
T-insulated copper wire, silicone-varnish vacuum
impregnated. — These transformers have been
found capable of continuous operation at 250^,
but will fail when operated continuously at
280°C. The transformers exhibit a 2% zero shift

and negligible null-voltage change at 250°C.
2. G. L. Collins Co. model LMT-78201, as

bestos- and ceramic-insulated copper wire,
hermetically sealed. —Two of these transformers
have failed at 250^C owing to melting of the
solder at the lead-through terminals.

3. Crescent Engineering and Research Co.
ceramic-insulated silver wire, hermetically sealed.
- Both transformers performed satisfactorily at
300^ insofar as insulation breakdown was con

cerned. One of the transformers exhibited a zero

shift of 6% at 300^ and a null-voltage increase of
2 v, which is considered acceptable. The second
unit, however, was found to have a zero shift
of 45% at 300^ and a null-voltage increase of
11 v, which is not satisfactory.

4. ORNL design, wound with No. 30 AWG
anodized aluminum wire. - One transformer op
erated for one week at 300t without insulation

breakdown or excessive zero shift or null-voltage
increase. The second transformer of this type
tested had an acceptable zero shift but an ex
cessive null shift. The reason for the poor

1D. S. Toomb et al., HRP Quar. Prog. Rep. July 31,
1957. ORNL-2379, p 21.

2D. S. Toomb et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 70.
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performance of the second unit is not apparent,
and tests of this coil are continuing. Two
aluminum bobbins were wound with the anodized

aluminum wire furnished by the Sigmund Cohn
Co. and inserted in beam hole 51 of the ORNL

Graphite Reactor to determine radiation effects
on the wire. Coil construction was such as

to simulate that of each half of the ORNL-design
differential transformer. The flux in this beam

hole is reported as being approximately 8 x 10
neutrons/cm /sec (fast),5x10" neutrons/cmVsec
(thermal), and 5 x 105 r/hr of gamma radiation.
During ten days in the hole (nine days at power),
the primary-to-secondary resistance decreased from
30 x 10 ohms to a minimum of 1.76 x 10° ohms

after two days of exposure and then increased
slowly to 3.2 x 10° ohms at the end of the run.
Total exposure was approximately 6 x 10 neu
trons/cm (fast), 4 x 101' neutrons/cm2 (thermal),
and 1 x IO8 r of gamma radiation. This fast-
neutron exposure is estimated to be equivalent
to that which would be accumulated in 70 years
at the location of the HRT pressurizer liquid-
level transmitters.

11.1.2 Solid-State-Component Instrument Systems

A Sarkes-Tarzian Company No. S5017 silicon-
junction rectifier was evaluated for possible use
as a replacement for the type 6X5 vacuum-tube
rectifiers utilized in the Foxboro Company
Dynalog instruments used in considerable number
in HRP instrument systems. Tests indicate that
the increase in B+ voltage because of the lower
forward resistance of these inherently more
reliable rectifiers is not excessive for the in

struments and that the rectifiers will withstand

the high surge currents, which occur when the
instruments are turned on.

11.1.3 Instrument Alarm-Scanner

An alarm-scanner for process-variable instru
ments, which is manufactured by Taylor In
strument Companies to ORNL specifications,



has been placed in checkout service with
simulated signals. This alarm-scanner affords
a means of satisfying a dual requirement en
countered in instrumenting in-pi le loops, where
periodic precision readout of pressure is needed
and where continuous monitoring of temperatures
and pressure is required to ensure that the
variables are within limits.

This scanning system is designed to select
automatically and sequentially one variable per
second and compare it with a high and a low
limit, both preselected. If the system is outside
the limits, an audible alarm is sounded and a
visual indication of its high or low condition is
displayed. Provision for manual checking of
the lamps and high-low limit operation is built
into the instrument, as can be seen in Fig. 11.1,
a block diagram of the system. Precision readout
is accomplished by manually switching the
variable to an expanded-scale self-balancing
precision potentiometer.

Figure 11.2 is a photograph of the scanner and
associated precision indicator mounted in a
standard ORNL modular instrument cabinet. The

bottom section contains auxiliary power supplies

MASTER
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HIGH-LOW

CHECK

SWITCH

COMPARISON
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UNIT

o RUNNING LIGHT
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and Transet potentiometer-transmitters for con
verting signals from strain-gage-type pressure
transmitters to millivolt signals compatible with
the scanning system. Temperature signals from
thermocouples are fed directly into the scanner.

Most of the system is wired to scan 20 vari
ables, although indication has been provided for
only 14 of these. Each of the variables is des
ignated by a number marked on a circular Lucite
block located in one of two rows at the top of
the panel. Each block has two indicating lamps
mounted within, an amber light indicating an
off-normal low condition and a red light in
dicating a high condition. Another amber lamp
flashes once per second as the variables are
scanned.

The eight electronic chassis, the lamp and
manual switch bank, and the high-low limit-
setting pinboard which comprise the scanner
proper are shown in Fig. 11.3. The separate
chassis are interconnected with Varicon con

nectors so that any unit may be removed from
the cabinet for maintenance without the un

soldering of wires.
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Fig. 11.1. Alarm-Scanner - Block Diagran
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OPERATING PRESSURE: 2000 psi at 300 °C{ WITH BELLOWS BACK-PRESSURIZED)

FLOW COEFFICIENT: Cv = 10

STEM TRAVEL : V2 in.
VENDOR: HAMMEL-DAHL CO

Fig. 11.7. Long-Sweep Angle Valve for Slurry Service.
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12. SOLUTION CORROSION1
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12.1 DYNAMIC SOLUTION CORROSION

12.1.1 Corrosion in Water at 300°C

Since the boiler water in the HRT steam system
may contain as much as 2 ppm oxygen due to
radiolytic decomposition, several runs were made
in order to determine the effect of low oxygen
concentrations on the corrosion of carbon and

stainless steel in boiler water at 300°C. By use
of the letdown system described previously and
with fresh solution being added continuously,
the water was controlled at pH 9 to 11 with 60 ppm
phosphate, as recommended for the HRT steam

2
system.

In 200-hr tests the average corrosion rate of
carbon steel grade SA-212-B increased from 4 mpy
in the presence of less than 0.1 ppm oxygen to
12 mpy with 2 ppm oxygen and to 22 mpy with
10 ppm oxygen. Type 347 stainless steel corroded
at 1.6 mpy or less under these conditions. Al
though these rates would be expected to decrease
with time owing to buildup of film, the carbon
steel pitted extensively in the presence of oxygen;
thus the actual penetration rates were greater
than those quoted above. Every effort should be
made to keep the oxygen concentration of the
HRT steam-system boiler water as low as
possible.

Further tests were made at 300°C similar to

those at 250°C reported previously in which no
attempt was made to maintain the phosphate con
centration or the pH of the water constant by
continuous replacement. Oxygen concentrations of
less than 0.1, 4 to 11, 50 to 500, and 700 to

Reported in greater detail by J. C. Griess et al.,
Quarterly Report of the Solution Corrosion Group for the
Period Ending Jan. 31, 1958, ORNL CF-58-1-72 (in
press).

2H. A. McLain, Treatment of the HRT Steam System
Water, ORNL CF-56-11-132, p 2 (Nov. 29, 1956).

3J. C. Griess et al., HRP Quar. Prog. Rep. July 31,
1957. ORNL-2379, P 69.

4J. C. Griess et al., HRP Quar. Prog. Rep. April 30,
1957, ORNL-2331, p 87-88.

1500 ppm were used. Corrosion rates of carbon
steels increased with increasing oxygen con
centration up to about 25 mpy at 50 to 500 ppm
and then decreased slightly at 700 to 1500 ppm.
The rates appeared to depend as much on the final
pH and chromium(VI) concentration of the solution
as on the oxygen concentration. The carbon steels
pitted in the presence of oxygen but to a lesser
extent than at 250°C. Stainless steels corroded

at about 1 mpy or less in each run. Zircaloy-2,
titanium RC-55, and niobium were relatively
unaffected by oxygen concentration, generally
showing weight increases or slight weight losses.
Carbon steel AISI type C1010 nickel-plated to a
thickness of about 0.002 in. by an electroless
process ' gave excellent corrosion resistance,
showing rates 10 to 20 times lower than those
for unplated AISI C1010.

12.1.2 Corrosion Resistance of Several Alloys
at 200 to 295°C in 0.17 mU02S04

The corrosion resistance of a number of alloys
not previously tested and of three alloys hardened
by appropriate heat treatment was compared with
the resistance of the austenitic stainless steels

in 0.17 m U02S04 at 200 to 295°C. Table 12.1
lists the weight losses observed for several of
the alloys tested. At 200°C all the alloys except
Hastelloy B were covered with a partially pro
tective coating at all flow rates. At 250°C most
of the alloys exposed at 5 to 11 fps developed
protective coatings, but at the higher flow rates
either no coating or only a partial coating formed.
Those alloys showing low weight losses at 295°C
developed protective films, whereas those showing
high weight losses did not. If the weight losses
of the other alloys are compared with those of

5A. Brenner, Metal Finishing 52(11), 68; (12), 61
(1954).

A. Brenner, National Bureau of Standards, private
communication to J. A. Swartout (May 2, 1951).
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type 347 stainless steel, it can be seen that
equally good corrosion resistance was shown by
the following: types 430, 431, 446, AM-350, and
Croloy 16-1 stainless steel; Incoloy; Carpenter
10, 20, and 20 Nb; CD4MCu; Hastelloy R-235;

Multimet; and Timken 16-25-6. Types 430, 446,
and Croloy 16-1 are ferritic steels, whereas the
431 and AM-350 steels are martensitic and
hardenable by appropriate heat treatment. In the
hardened condition types 431 and AM-350 showed

Table 12.1. Averaged Weight Loss of Different Alloys in 0.17 m Uranyl Sulfate Solution
at 200, 250, and 295^ for 200 hr

Average Defilme
2

d Weight Loss (mg/cm )

Alloy 200°C 250°C 295°C

5-11 fps 21-43 fps 5-11 fps 21-43 fps 5-11 fps 21-43 fps

347 6.0 6.9 22 69 2.9 11

347 Cr PAfl 0.87 5.5 120

347 Cr PBfc 0.78 9.2 120

414 annealed 20 33 21 23 23 27

414 hardened 20 23 13 14 17 17

430 9.2 13 5.5 51 1.5 2.5

431 annealed 9.7 9.7 5.1 6.4 4.0 2.9

431 hardened 12 13 6.0 14 4.2 4.0

446 8.3 10 5.1 10 1.7 2.4

Croloy 16-1 6.4 10 2.8 6.4 1.5 1.7

1515N 12 14 25 97c 2.5 13

AM-350 annealed 5.1 6.9 5.5 16, 92c 1.8 2.9

AM-350 hardened 4.6 6.9 5.5 13, 110c 2.0 2.3

CD4MCu 4.3 4.2 14 83 4.1 78

Carpenter 10 8.3 8.3 12 87 3.0 26

Carpenter 20 3.4 4.1 30 78 6.9 150

Carpenter 20 Cb 3.7 3.7 16 60 9.2 92

Hastelloy B >2600 >2600

Hastelloy C 33 36 160 240 360 1100

Hastelloy R-235 6.9 6.4 35 110 13 130

Hastelloy X 8.7 11 64 120 43 270

Haynes 25 6.0 6.0 64 87 280 460

Incoloy 8.3 8.7 24 100 6.9 17

Multimet 6.9 7.4 29 120 7.4 190

Nionel 11 11 32 130 18 190

Timken 16-25-6 4.5 8.7 11 97 3.5 55

^Chromium plated 0.0002 in. by Electrolyzing Corp., Chicago Heights, III.
^Chromium plated 0.0005 in. by Electrolyzing Corp., Chicago Heights, III.

Each value for one pin.
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no difference in corrosion resistance from that

shown in the annealed condition. Incoloy and
the Carpenter materials are alloys of possible
use in the homogeneous reactor program. CD4MCu
is an alloy which may be used as cast or wrought
and can be hardened by aging. Hastelloy R-235,
Multimet, and Timken are high-strength alloys of
possible interest as bolt materials.

Showing greater corrosion resistance than type
347 stainless-steel at 200 and 250°C but poorer
resistance at 295°C were type 347 stainless steel
specimens chromium plated to a thickness of
0.0002 and 0.0005 in. by an electrolyzing process.
Showing slightly poorer resistance than type 347
at all temperatures were Nionel and type 1515 N
stainless steel; and showing considerably poorer
resistance were Hastelloys B, C, and X, Haynes
25, and stainless steel type 414. The compo
sitions of the alloys and the heat treatments given
have been listed in other reports. '

12.1.3 Stability of Dilute Uranyl Sulfate
Solutions

Previous work has shown that 0.04 m UO SO.

containing 0.005 m CuSO. must be made about
0.02 772 in H2SO. to prevent hydrolytic precipitation
of uranium and/or copper at 300°C. In order to
determine whether decreasing the uranium con
centration or increasing the copper concentration
would affect solution stability, four runs were
made (in light-water solution) with 0.02 m UO-SO.
containing 0.02 or 0.03 772 CuSO. and various
amounts of sulfuric acid.

A solution containing 0.02 772 UO-SO., 0.03 772
CuS04, and 0.02 mH2S04 was stable for 1000 hr
at 300°C, whereas Q.02 772 U02S04 solutions con
taining 0.02 or 0.03 772 CuS04 with 0.006 to 0.01 772
H2S04 were not stable within 1000 hr at 300°C.
Therefore, since as much sulfuric acid (0.02 772)
is needed to stabilize these solutions as those

Alloy compositions are given by J. C. Griess et ah,
Quarterly Report of the Solution Corrosion Group for the
Period Ending April 30, 1957, ORNL CF-57-4-55, p 18;
July 31, 1957, ORNL CF-57-7-121, p 55; Jan. 31, 1958,
ORNL CF-58-1-72 (in press).

Heat treatments are given by J. C. Griess et al.,
Quarterly Report of the Solution Corrosion Group for
the Period Ending Jan. 31, 1958, ORNL CF-58-1-72
(in press).

9J. C. Griess et al., HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 73.
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studied previously, there appears to be no sig
nificant effect achievable through decreasing the
uranium concentration by a factor of 2 or through
increasing the copper concentration by a factor
of 4 to 6. Corrosion of stainless steel likewise

was not significantly affected by the changes in
uranium or copper concentrations.

12.1.4 Circulation of Uranyl Carbonate
Solutions at 250 to 300°C

Previous corrosion tests with dilute uranyl
carbonate-lithium carbonate-carbon dioxide so

lutions have produced very low corrosion rates
at 250°C with many materials, including carbon
and stainless steels. Similar tests have now

been made at temperatures up to 300°C. Corrosion
rates of carbon steels were between 1 and 5 mpy
and of austenitic and ferritic stainless steels

between 0.5 and 3 mpy.
However, the solutions were not stable. In the

first run at 300°C with a solution containing
initially 0.19 772 Li2C03 and 0.03 m U03, pre
cipitation occurred, so that after 24 hr the solution
contained only 0.06 772 Li2C03 and 0.002 772 U03
(about 0.5 g of U per liter). Increasing the carbon
dioxide pressure in the system from 200 to 600 psi
failed to increase the solubility. In a second run
at 300°C, uranium and lithium precipitated from
a solution initially containing 0.25 772 Li,C03 and
0.06 772 U03 (15 g of U per liter); within 150 hr
the solution contained only 0.07 772 Li2C03 and
0.004 772 U03 (1 g of U per liter). In the third run
the temperature was increased stepwise from 250
to 260, 265, 270, and 280°C. The uranium con
centration fell successively from 0.03 772 to 0.01,
0.005, 0.002, and 0.001 772, respectively, in a
solution containing initially 0.2 772 Li2C03. There
fore the uranyl carbonate-lithium carbonate system
does not appear to be useful for operation at
temperatures much above 250°C.

12.1.5 Circulation of 0.04 772 UO.SO,
Containing 0.04 772 6eS04

It was reported previously that corrosion rates
of type 347 stainless steel in 0.04 772 U02S04
containing 0.04 772 BeSO and 0.005 772 CuS04 were
lower at 200 to 250°C than in HRT solution

(0.04 772 U02S04 +0.02 772 H2S04 +0.005 772 CuS04)

10J. C. Griess et al., HRP Quar. Prog. Rep. April 30,
1956, ORNL-2096, p 82.
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but that the specimens did not film over during
200-hr tests. In order to determine whether

stainless steel specimens would film over after
longer times, 500- and 1000-hr runs were made
with the beryllium-containing solution at 200°C,
and 500-hr runs were made at 225 and 250°C.

The specimens did film over within 500 hr at
each temperature, up to a critical velocity of 15
to 20 fps at 200 and 225°C and of 20 to 30 fps
at 250°C. Corrosion rates above the critical

velocity were lower by a factor of 5 than rates
in HRT solution at the same temperature. How
ever, the film formation at 200°C appeared to
depend on a buildup of chromium(VI) in solution.
Since chromium(VI) is apparently not stable in
radiation fields, it is not known whether stainless
steel specimens would develop protective films
in reactor experiments.

In order to determine the stability of the above
beryllium-containing solution, a 1000-hr run was
made at 300°C. The loop was thermally cycled
to 200°C twice to find out whether any pre
cipitates would redissolve at the lower temper
ature. The uranium and copper concentrations
were constant within ±5 and ±15%, respectively.
However, beryllium precipitated at 300°C and
redissolved at 200°C, and the room-temperature
pH of the solution changed reversibly from 2.0
at 300°C to 3.0 at 200°C. Although the solution
was not stable at 300°C (with regard to beryllium
only), it is possible that the solution would be
stable at 280°C; or it may be possible by ad
justment of the beryllium sulfate concentration
to develop a solution that would be stable at
300°C. The fact that the addition of sulfate ions

to uranyl sulfate solutions substantially reduces
the in-pi le corrosion of Zircaloy-2 (and possibly
other alloys) seems to warrant further studies in
the beryllium sulfate—uranyl sulfate system.

12.1.6 Combustion of a Titanium Nipple
in Oxygen at Room Temperature

Recently, in the course of readying an all-
titanium loop for a run, about 175 psig oxygen
pressure was applied to the inside of the loop
at room temperature to aid in forcing out a small
piece of Teflon which had previously become
wedged into a 4-in. titanium nipple on the loop.
When the piece of Teflon was being pried out with

11 J. C. Griess et al., HRP Quar. Prog. Rep. April 30,
1957, ORNL-2331, p 84-85.
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a short file, a spark was observed, and the Teflon
piece became dislodged suddenly. As the oxygen
rushed out, ^ in. of the titanium-75A nipple was
consumed in a flash of flame.

The incident is an example of a titanium-oxygen
reaction at moderate pressure and room temper
ature. In work being performed on subcontract to
the Laboratory, these reactions are being in
vestigated in more detail.

12.2 LABORATORY CORROSION STUDIES

12.2.1 Stress-Corrosion Cracking in Uranyl
Sulfate Solution

(a) Effect of Solution Components. —Previous
tests have demonstrated that stressed type 347
stainless steel is susceptible to cracking in
boiling solutions containing 0.04 772 UO.S04,
0.02 772 H2S04, 0.005 772 CuS04, and 25 to 500 ppm
chloride. ' Tests have been conducted re

cently to determine what component of the solution
other than chloride is responsible for stress
corrosion.

Each test solution contained 50 ppm chloride
added as potassium chloride and was run at
atmospheric boiling with aeration. Duplicate or
triplicate stress specimens were used in each
test. In two tests potassium sulfate replaced the
uranyl sulfate, and in other tests only selected
components of the HRT core solution were present.

The results of the tests are reported in Table
12.2. In control tests with a 0.04 ttz U02S04-
0.02 772 H2S04-0.005 772 CuS04 solution containing
50 ppm chloride, five of six stress specimens
cracked during a 400-hr exposure; four of the five
specimens cracked during the first 50 hr. The
specimens in solutions containing potassium in
place of uranyl ions did not crack during a 2500-hr
test. Similarly, no cracking was experienced in
the U02S04-H2S04, U02S04-CuS04, H2S04, or
CuS04 solutions after periods from 200 to 1500 hr.
However, in the solution containing 0.04 772
U02S04, three of eight specimens cracked during
the initial 50 hr of the 200-hr test.

12 See, for example, G. M. Adamson et al., HRP Quar.
Prog. Rep. Oct. 31, 1957, ORNL-2432, p 137.

13J. C. Griess et al., HRP Quar. Prog. Rep. April 30,
1957, ORNL-2331, p 90-91.

14J. C. Griess et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 82-83.
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Table 12.2. Effect of HRT Core Solution Components on Stress-Corrosion Cracking Behavior

of Type 347 Stainless Steel: Atmospheric Boiling with 50 ppm Chloride

N o. of Total Time
Solution

Specimens (hr)

0.04 771 U02S04 6 400

0.02 mH2S04
0.005 77! CuSO,

4

0.04 mK2S04 2 2500

0.02 m H2S04
0.005 772 CuS04

0.04 mK2S04 2 2500

0.02 777 H2S04

0.04 mU02S04 2 1000

0.02 mH2S04

0.04 TO U02S04
0.005 777 CuSO,

0.02 7?7 H2S04

0.005 777 CuSO.

0.04 m U02S04

300

1000

200

200

Cracking

Observed on 5 specimens; 4 of 5 specimens

cracked in 50 hr or less

None observed

None observed

None observed

None observed

None observed

None observed

Observed on 3 specimens

*Two separate tests.

Thus, in the presence of chloride, the pre
liminary experimental data indicate that cracking
of type 347 stainless steel can be initiated in
two systems at atmospheric boiling, namely, the
0.04 772 UO2SO4-0.02 772 H2S04-0.005 m CuS04
solution and the0.04 772 U02S04 solution. Cracking
has not been observed thus far in other solutions

of the compositions listed in Table 12.2. Ad
ditional testing will be required in the latter
cases, however, before final conclusions may be
reached.

Additional evidence pointing to the uranyl ion
as having an important role in the stress-corrosion
cracking process was obtained from the K2S04-
H2S04-CuS04 test. Upon completion of the 2500-hr
exposure, during which no cracking was observed,
the duplicate stress specimens were acid-pickled
to expose fresh surfaces and were returned to the
original solution. Uranyl sulfate was added to
make the solution 0.04 772, and the test was con
tinued at atmospheric boiling. During the initial
200 hr, one of the two specimens cracked; the
test is being continued.

(b) Effect of Preformed Films. - Additional in
formation has been obtained on the effect of
preformed films on the stress-corrosion cracking
behavior of type 347 stainless steel in chloride-
containing HRT core solution. Preliminary results
have been reported. It was found that no
cracking occurred on U-bend stress specimens
whether the specimens were prefilmed in chloride-
free, boiling HRT core solution (0.04 772 UOjSO -
0.02 772 H,SO.-0.005 772 CuSO J before or after

2 4 4

stressing.

Present tests consisted of exposing stressed
specimens for periods of 50, 200, and 500 hr in
boiling and aerated chloride-free HRT core so
lution. The specimens were then placed in a
similar solution to which 50 ppm of chloride was
added.

Seventeen stress specimens treated in the above
manner have been exposed for periods ranging
from 200 to 2000 hr in the chloride-containing
environment. Thus far, none of the specimens
have exhibited any evidence of cracking. In
control tests with stress specimens not subjected
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to the prefilming treatment, 75% of the specimens
cracked in 50 hr or less; 85% of the specimens
cracked in 400 hr or less. It appears, on the
basis of the preliminary data, that a preformed
film is effective for protecting type 347 stainless
steel (and presumably other austenitic grades)
from chloride-induced cracking in boiling uranyl
sulfate solution. Future work will be concerned

with the effect of temperature on the effectiveness
of the prefilming process.

12.2.2 Stress-Corrosion Cracking in Chloride-
Containing Water

(a) Effect of Oxygen. - Previous work ' has
demonstrated that distilled water containing 25 to
100 ppm chloride at pH values of 2.8 to 10.5 can
produce cracking in stressed type 347 stainless
steel in the temperature range of 150 to 300°C.
Furthermore, the time to the appearance of cracks
appeared to be independent of the dissolved-
oxygen concentration in the range from 10 to
1200 ppm.

In order to determine the susceptibility of type
347 stainless steel to cracking in chloride-
containing water in the absence of oxygen, tests
were run at 300°C in solutions containing 100 ppm
chloride at adjusted pH values of 2.8, 6.5, and
10.5. After the stress specimens and solution
had been placed in the autoclave, a double
freezing—vacuum-degassing treatment was used
to remove the oxygen. After 400 hr, four of six
U-bend specimens in solutions with initial pH
values of 2.8 and 10.5 had cracked. No cracks

were observed after 400 hr in specimens exposed
to the pH 6.5 solution.

Since some doubt exists with regard to the
efficiency of the degassing operation, it cannot
be stated with certainty that the cracking occurred
in the absence of oxygen. Tests are being run
in which sodium sulfite has been added to so

lutions (pH = 6.5 and 10) as an oxygen scavenger.
To date, the testing time has been 300 hr, and no
cracks have appeared. Residual sulfite concen
trations of 15 to 80 ppm at the end of each 100-hr
period indicate the complete removal of oxygen.
The tests are being continued.

15J. C. Griess et al.. HRP Quar. Prog. Rep. July 31.
1957. ORNL-2379, p 69, esp 78-79.

16J. C. Griess et al., HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 83.
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U-bend test specimens exposed to a solution
containing 25 to 500 ppm chloride at a pH of 2.8
and boiling in air (100°C) showed no tendency
to crack after 3000 hr. Since the solution was

boiling in the presence of only 3 psi oxygen, the
concentration of dissolved oxygen in the solution
was very low. To see what effect additional
oxygen would have at 100°C, eight specimens
were exposed in the same solution as above in
an autoclave to which 150 psi oxygen was added.
The test was run at 100°C. After 400 hr, seven
of the eight specimens had developed cracks.
These experiments demonstrate the importance
of oxygen in the cracking process under the
conditions of test.

(fc) Effect of Preformed Films. - The effect of
preformed films in eliminating the incidence of
cracking in type 347 stainless steel exposed in
boiling, chloride-containing uranyl sulfate solution
was described previously. To determine whether
similar results could be produced in high-temper
ature distilled water containing chloride, stress
specimens were prefilmed in chloride-free distilled
water at 300°C for 100 hr and in a 500-ppm
chromate (as sodium chromate) solution at 300°C
for 100 hr. Upon exposure at 200°C to distilled
water containing 100 ppm chloride, all stress
specimens cracked in less than 100 hr. Thus
films formed at high temperature are not effective
in protecting type 347 stainless steel from stress-
corrosion cracking in chloride-containing water
at 200°C. The effectiveness of films formed at

lower temperatures will be tested next.

(c) Effect of Alloy Composition. - The results
reported thus far have been concerned with the
behavior of type 347 stainless steel only. To
determine the effect of the alloy composition on
the susceptibility to cracking, several different
alloys have been tested in water containing
100 ppm chloride at 300°C. All tests were run
(or are being continued) in the presence of oxygen.
The pH of the solution was adjusted with either
hydrochloric acid or sodium hydroxide. The
conditions of the tests and the results obtained

to date are shown in Table 12.3. The condition

of the alloy refers to the condition prior to
stressing.

All the austenitic stainless steels except type
309 SCb have shown evidence of transgranular
crackina in 300 hr or less. Even the cracks in
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Table 12.3. Stress-Corrosion Cracking Behavior of Various Alloys at 300% in Distilled Water

with 100 ppm Chloride (Saturated with Air at Room Temperature)

Alloy Type Condition
Solution

pH

Test Time

(hr) Observations

304 Annealed 2.8 100

304 Annealed 10.5 100

304 Sensitized 2.8 100

304 Sensitized 10.5 100

304 ELC Annealed 2.8 300

309 SCb Annealed 2.8 200

316 Annealed 2.8 200

321 Annealed 2.8 200

321 Annealed 10.5 200

Carp. 7-Mo Annealed 2.8 300

Carp. 7-Mo Annealed 10.5 300

Carp. 7-Mo Full hard 2.8 100

Carp. 7-Mo Full hard 10.5 100

Croloy 16-1 Annealed 2.8 600

Annealed 6.5 200

Annealed 10.5 400

Incoloy Annealed 2.8 500

Annealed 6.5 100

Annealed 10.5 300

Nionel Annealed 2.8 200

Annealed 6.5 100

Anhealed 10.5 100

sensitized type 304 stainless steel were pre
dominantly transgranular. Further testing with
type 309 SCb stainless steel is in progress.
Carpenter 7-Mo stainless steel showed evidence
of cracking both in the annealed and in the
hardened condition when the solution pH was
2.8, but no cracks have been observed in the
solution at a pH of 10.5 during the relatively short
test periods. Both Nionel and Incoloy are re
portedly more resistant to cracking in chloride
environments than are the austenitic stainless

steels, and the present tests seemed to confirm
this. Cracks were found only in Incoloy exposed

Cracked

Cracked

Cracked

Suspected cracks

Surface crazing; few pits

No cracks

Cracked

Cracked

No cracks

Suspected cracks; moderate general corrosion

No visible cracks; thin hard film

Cracked; moderate general corrosion

No visible cracks

Severe pitting; thick scale; no cracks

Severe pitting; no cracks

Severe pitting; no cracks

Severe pitting; heavy corrosion; cracked

Light general corrosion; no cracks

Few small pits; light corrosion; no cracks

Heavy loose scale; no cracks

Deep pits; thick scale; no cracks

Light general corrosion; no cracks

at a pH of 2.8 (Fig. 12.1). The pitting and general
attack of the alloys were dependent on the pH of
the solution. Croloy 16-1 stainless steel did not
crack during the 600-hr test period, but pitting
was appreciable at all pH values. Exposure of
Croloy 16-1 to boiling 42% MgCI2 for 100 hr did
not produce any cracks visible at 15X magnifi
cation. However, metal lographic examination at
higher magnification located two transgranular
cracks in the specimen (Fig. 12.2).

The results to date substantiate data obtained

from the boiling 42% MgCI2 tests and indicate
that the class of alloys most susceptible to
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Stress specimens were exposed in boiling 42%
MgCL solution and in boiling uranyl sulfate
solution containing 50 ppm chloride. After 1000 hr
in the uranyl sulfate solution, there were no
visible cracks on the Incoloy. The 42% MgCL
test was run for 100 hr, during which period
no cracking occurred. Examination at 90X
of specimens from both tests disclosed an
appearance which suggested a superficial crazing,
however.

Thus in static systems Incoloy seems to have
a general corrosion resistance comparable with
that of type 347 stainless steel and a resistance
to stress-corrosion cracking in chloride-containing
environments superior to that of type 347.

(o) Type AM-350 Stainless Steel. - Although not
classed *as a true precipitation-hardening alloy,
type AM-350 stainless steel is nevertheless con
sidered as a member of this group. The nominal
composition of the alloy is 0.10% C max, 16.25
to 17.25% Cr, 4 to 4.5% Ni, 2.5 to 3% Mo, and
balance iron. In the present tests, the corrosion
behavior of the material in four different conditions

of heat treatment was examined in simulated HRT
core solution (0.04 772 UO2SO4-0.02 772 H2S04-
0.005 772 CuS04) at temperatures of 100, 200, and
300°C, and in boiling 5% HN03. solution. All
specimens were annealed at 1950°F and air cooled
before receiving subsequent treatment. The

18r B. Roach and A. M. Hall, The Engineering
Properties of Precipitation-Hardenable Stainless Steels,
TML-48, p 6 (July 20, 1956).
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various heat treatments produced hardnesses
ranging from 92 Rockwell B to 49 Rockwell C.
Results of the tests appear in Table 12.4.

In all conditions tested in oxygenated uranyl
sulfate solution at 100 and 300°C, corrosion rates
after 1000 hr were 0.6 mpy or less. Several weld
specimens in the cooled and tempered condition
(AM-350 welded to type 347 stainless steel)
corroded at slightly higher rates of 0.7 and
1.5 mpy. Corrosion attack on the heat-treated
alloy at 200°C in uranyl sulfate solution was
greater; rates ranged from 5 to 11 mpy after
1000 hr. Corrosion rates of the alloy in the
annealed and subzero-cooled conditions in boiling
5% HN03 solution during 1000-hr tests did not
exceed 0.5 mpy. Specimens in the aged condition
corroded at a rate of 3 mpy, however. The alloy
in the subzero-cooled and tempered (750° F)
condition was found to be susceptible to stress-
corrosion cracking in boiling and oxygenated HRT
core solution containing 50 ppm chloride; cracking
in a stress specimen occurred during the first
50 hr of test. No cracking took place on a stress
specimen in a similar heat-treated condition during
1000 hr in boiling, chloride-free HRT core
solution.

(c) Steliites 1, 3, and 98M2 and Rexalloy 33. -
Four materials of interest to the HRP injection-
pump program were tested in boiling and aerated
0.04 772 U02S04 solution containing 0.02 772 H2S04
and 0.005 772 CuS04> The materials included
Steliites 1, 3, and 98M2 and Rexalloy 33. All

Table 12.4. Corrosion Behavior of Type AM-350 Stainless Steel in Reactor-Related Environments

(Test Time: 1000 hr)

Hardness

(Rockwell C)

Corrosion Rate (mpy)

Heat

5% HN03
100°C

HRT Core Solution

100°C 200°C 300°C

Annealed 92 Rockwell B 0.5 <0.1 11.0 0.4

- 100°F (2 hr) 39 0.3 0.1 4.8 0.6

- 100°F (2 hr) 49* 0.5

750°F (1 hr)

1350°F (1 hr) 32 3.0 0.3 6.5 0.3

*Observed values higher than literature-reported value of 41 Rockwell C.
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the materials are cobalt-base alloys containing
2.0 to 2.5% carbon, 30 to 33% chromium, and
12 to 17% tungsten. The Stellite 98M2 corroded
at the highest rate, 5 mpy, after 1000 hr in the
uranyl sulfate solution. Corrosion rates for the
other three alloys ranged from 0.5 to 1.3 mpy.
The surfaces of the Stellite 98M2 specimens were
uniformly coated with goIden-colored crystals;
spectrographic analysis showed the major con
stituent to be tungsten. Hence all the above
materials, with the possible exception of Stellite
98M2, showed adequate corrosion resistance to
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the static uranyl sulfate solution at its boiling
point.

(d) Type 202 Stainless Steel. - A comprehensive
series of tests on type 202 stainless steel in
sensitized, welded, and annealed conditions is
in progress. With one significant exception, the
preliminary corrosion data show the alloy to be
comparable with type 347 stainless Steel in
reactor-related environments; in the sensitized
condition, severe blistering and intergranular
attack accompanied by reduction of copper were
observed in a boiling HRT core solution.
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13. SLURRY CORROSION

E. L. Compere H. C. Savage

S. E. Bolt

J. W. Brown

V. A. DeCarlo

G. W. Eckerd1
D. A. Gardiner2
D. W. Hubbard

D. T. Jones

13.1 100A PUMP LOOP TESTS

13.1.1 Introduction

Current developments in the production of high-
fired thoria and in the control of particle-size
range by sedimentation classification are related
to tests made on the 100A pump loops. Recent
circulation tests in both 100A pump loops and
toroids have demonstrated that superior handling
characteristics and moderate attack of materials

of interest for thorium breeder reactor construction

are obtainable with aqueous slurries of 1600°C-
calcined thoria. * Further, it has been shown
that, in addition to the effect of concentration and
flow velocity, the attack of materials by flowing
slurries is strongly dependent upon the particle
size of the thorium oxide and its rate of attrition

during circulation.5,6 Because 1600°C-calcined
thoria undergoes little, if any, degradation during
circulation, «7 it is essential that the method of
preparation of the thoria provide a small-sized
material.

Currently, two investigations of production of
suitable material are being conducted by the
Chemical Technology Division. Associated
evaluation studies are being done in the Materials
Research Section and are reported below. One
production method has been concerned with con
trolling the particle size of the thorium oxalate, to

Engineering and Maintenance Division.

Mathematics Panel.

3E. L. Compere et al., HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 87.

4Ibid., p 97.
5E. L. Compere et al., HRP Quar. Prog. Rep. Jan. 31,

1957. ORNL-2272, p 95.

6E. L. Compere et al., HRP Quar. Prog. Rep. Oct. 31,
1956, ORNL-2222, p 84.

7E. L. Compere et al., HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 92-93.

R. A. Lorenz

S. A. Reed

J. A. Russell, Jr.
W. C. UI rich

R. M. Warner

L. F. Woo

be subsequently calcined, by adjusting the pre
cipitation conditions as the thorium nitrate and
oxalic acid solutions are mixed. Also included are

techniques to circumvent sintering during cal
cination. A second method is concerned with

controlling the particle size by means of mechan
ically degrading the thoria before preparing the
slurry.

13.1.2 Effect of Classification on Corrosion by
Slurries of High-Fired Thoria Prepared from

Jet-Precipitated Thorium Oxalate

Preliminary pilot-plant tests made bythe Chemical
Technology Division to study the precipitation,
filtration, and washing techniques for preparing
thorium oxalate for firing to thorium oxide showed
that a jet-mixer precipitator produced thoria of
small particle size and that varying conditions
gave varying particle sizes. Moderate attack
rates were observed with one such experimental
preparation in screening tests in toroids which
employed slurries of thoria of 0.5 to 0.9 fi mean
particle size produced by calcining jet-precipitated
thorium oxalate at temperatures of 650 to 1600°C.
As a result of these tests it was of interest to

observe the handling characteristics and the
corrosion-erosion attack of slurries of these

preparations in larger scale loop tests.
Part of the first pilot lot, batch JP-1, jet-

precipitated thorium oxide calcined 4 hr at 1600°C,
was circulated in 100A loop run CS-42 in the as-
received condition.

As compared with previous batches of 1600°C-
calcined thoria which had been tested, batch JP-1
was unique. Although the mean particle size of
the preparation determined by sedimentation

8J. P. McBride et al., HRP Quar. Prog. Rep. July 31.
1957, ORNL-2379, p 152.
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analysis was 1.3 /*, unlike previous preparations
the batch was composed of particles which were
61% by weight ^2 n and 28% by weight >10 ft.
The latter fraction consisted largely of what
appeared to be, by microscopic examination, loose
sinters. Previous batches whose mean particle
sizes varied from 1.3 to 1.9 ft were composed of
particle sizes which followed a more normal dis
tribution curve, that is, the bulk of the material
was 1 to 3 ft.

A portion of the original JP-1 batch was used for
run CS-42. Eight kilograms of the oxide was in
jected into the loop while the system was operated

under steam pressurization with oxygenated water
at 200°C. The charge provided a calculated
concentration of 521 g of Th per kg of H20.

It was necessary to stop the test after only 5 hr
of slurry circulation because of dynamic imbalance
of the circulating pump. Subsequent inspection
showed this to be due to severe wear of the type
347 stainless steel seal rings and the Graphitar
bearings used in the pump.

Attack data of pin and coupon corrosion speci
mens which were exposed in run CS-42 are shown
in Table 13.1. Attack of all materials was high,
owing principally to the pronounced erosion of

Table 13.1. Corrosion by Circulating Thorium Oxide Slurries in Loop Tests

100

Hours

Temperature, C

Concentration, g Th/kg H^O

Charged

Average

Calcination temperature, C

Thoria batch No.

Additives

Atmosphere

Average particle size, fi

Prerun

Postrun

Impeller weight loss, g

Loop corrosion rate, mpy

Range of pin attack rates,

mpy, at given flow velocity

Velocity, fps

18 (coupons)

22-25

38-44

CS-42

5

200

521

443

1600

JP-1

None

°2

1.3

1.3

11

63

5-74

27-57

150-320

Run Number

CS-43

42

200

521

441

1600

LO-25-1

None

°2

1.7

1.5

12

9

Austenitic Stainless Steels

0.6-2

3-6

13-24

BS-19

309

280

427

323

1600

JP-1

classified

None

°2

1.7

1.5

1.5

1.5

0.7-1.0

7-10



22-25

38-44

18 (coupons)

22-25

38-44

18 (coupons)

22-25

38-44

12—18 (coupons)

22-25

38-44

55—63 (coupons)

22-25

38-44

22-25

38-44

22-25

38-44
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Table 13.1 (continued)

Run Number

CS-42 CS-43 BS-19

Ferritic Stainless Steels

34-110 2-5 0.8

120-180 7-14

Carbon Steels

4

490-820 82-94

560 100

590 200

Titanium Alloys

2-5 0.5-1.1

60-66 3-4 0.3-0.6

240 16

Zirconium Alloys

3-4

0.0-47 0.1-1.4

8-97 1-5 0.0

310-700 11-34 1.1

220-330 18-45

Gold and Platinum

96-120 5-8 0.0-0.5

630-650 42-47

Steliites

2-7

0.0-32 0-9

0.0-100 14-26

Hastelloy s

57-110 9-45

300-330 27-80

the specimens. The over-all system attack rate,
calculated from elements detected in the single
sample withdrawn from the loop during the 5-hr
test, was 63 mpy. The type 347 stainless steel
impeller, which was fitted with a Zircaloy-2 front
hub, lost 11 g. The front impeller surface and
Zircaloy-2 hub both were heavily eroded.

No detectable degradation of the thoria particles
occurred during circulation.

The severe abrasion attack noted in run CS-42
was attributed primarily to the high weight fraction
of large sinters in the JP-1 thoria which did not
degrade during circulation. Therefore the re
mainder of the batch was classified to remove
particles larger than 5 ft before charging to the
subsequent test, run BS-19.

The classification was made at room temper
ature by batch sedimentation with oxalic acid as a
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dispersant. The settling interval was estimated
by use of Stokes' law. Optimum dispersions
were effected by adding sufficient thoria to 0.004 M
oxalic acid solution to provide a slurry concen
tration of 250 g of Th per kg of H20. The sus
pension was then blended for 20 min with a
Lightnin mixer. After agitation was stopped, the
slurry was allowed to settle for 20 min, at which
time the upper half of the suspension was siphoned
off. The remaining slurry was recycled once
again by the same technique.

The thoria was recovered by adjusting the
oxalic acid concentration of the suspension to
0.008 M, which flocculated the slurry and hastened
settling. The supernatant liquid containing con
siderable fines was then decanted, and the settled
solids were dried and ignited at 800°C for 2 hr to
remove residual oxalic acid.

A 72% yield of product, which contained 2% by
weight of particles >5 ft, was obtained by the
sedimentation classification. The mean particle
size of the material was 1.7 ft.

Eight kilograms of the separated product was
charged to run BS-19 to provide a calculated
circulating slurry concentration of 427 g of Th per
kg of H20. The test was terminated on schedule
after 309 hr of continuous operation with gas
pressurization at 280°C.

Attack of pump components and corrosion speci
mens exposed to the oxygenated slurry in run
BS-19 was markedly lower than that observed in
run CS-42. The average loop corrosion rate was
1.5 mpy. The type 347 stainless steel impeller
used in the circulating pump lost only 1.5 g in the
309-hr period. Wear of other pump components
was negligible.

Corrosion rates of BS-19 pin specimens, shown in
Table 13.1, were also moderate. At a flow velocity
of 22 fps the average attack rate of austenitic
stainless steel and titanium-alloy specimens was
<1 mpy. There was no detectable attack of
Zircaloy-2. At a velocity of 44 fps the average
attack of austenitic stainless steels was 8 mpy;
titanium alloys, 3.5 mpy; and Zircaloy-2, 1 mpy.
There was no detectable degradation of the thoria
particles during the circulation period.

Microscopic examination showed no abrasive
attack of the specimens exposed at 22 fps. All
pins other than those of the noble metals were
uniformly covered with a thin adherent corrosion
film. Specimens exposed at 44 fps were mildly
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eroded, principally on the upstream surfaces;
however, the eroded areas were filmed over when
the specimens were removed from the test loop.

It is clearly evident from the results of runs
CS-42 and BS-19 that the particle size of 1600°C-
calcined Th02 is a major variable in the corrosion-
erosion attack by aqueous slurries of these prepa
rations. Large aggregates of the oxide, formed by
sintering during a 4-hr firing period at 1600°C,
were not readily degraded in the test loop during
circulation. A moderate weight fraction of these
sinters caused intolerably high attack of materials
suitable for reactor construction.

13.1.3 Circulation of Slurry of 1600°C-Calcined
Thoria Prepared from Thorium Oxalate

Precipitated at 25°C

Batch LO-25-1 thoria, the charge to run CS-43,
was prepared by calcining thorium oxalate which
was made by batch precipitation of thorium nitrate
with oxalic acid at 25°C. The 1600°C-fired

product was degraded by passing the dry powder
once through a Mikro-pulverizer. The mean particle
size of the material was 1.7 ft; however, 15% (by
weight) of the particles composing the batch were
greater than 5 \u The large particles, like those
in batch JP-1, appeared to be aggregates of smaller
particles which had sintered during calcination.

A charge of 17 kg of batch LO-25-1 Th02 was
injected into the test loop while the system was
operated with steam pressurization on oxygenated
water at 200°C. The charge provided a calculated
circulating slurry concentration of 521 g of Th per
kg of H20.

The test was stopped after 42 hr of slurry circu
lation because of excessive vibration in the

circulating pump, determined by subsequent ex
amination to be due to severe wear of the seal

rings and Graphitar bearings in the pump.
Three slurry samples were withdrawn from the

test loop during the short run. From particle-size
distribution curves, prepared from sedimentation
analysis data of the samples, a sharp decrease
in the percentage of particles >5 ft was noted
during the early period of circulation. After 1.4 hr
of circulation 60% of the particles >5 y. had been
degraded. Little change in particle distribution
was observed thereafter.

The incremental system corrosion rate changed
accordingly. The attack rates, calculated from
corrosion products detected in the samples, were:



53 mpy after 1.4 hr of circulation, 6 mpy for the
next 18 hr, and 8 mpy for the following 23 hr,
until the test was terminated.

The principal attack was on the type 347 stain
less steel impeller and seal rings in the circu
lating pump. The Zircaloy-2 front hub on the
pump impeller was also deeply grooved.

Attack rates of pin and coupon corrosion speci
mens exposed in the test were relatively high.
The data are presented in Table 13.1. In general,
all but the carbon steel and Hastelloy specimens
displayed moderate rates up to 25 fps. Coupon
specimens showed lower attack rates than duplicate
pin specimens of the same alloys at comparable
velocities. Attack rates of all specimens in
creased markedly at flow velocities above 25 fps.
All specimens were severely eroded at the higher
velocities.

The severe initial system attack rate in run
CS-43 appeared to be directly attributable to the
aggressive erosive action of the large sintered
particles of thoria in the slurry. After the sintered
material was degraded, corrosion diminished.

A 4% weight fraction of particles >5 y was still
present in the slurry when the test was terminated.
By microscopic examination, they appeared to be
discrete particles rather than loose sinters. It is
probable that these particles contributed heavily
to the 6- to 8-mpy attack rates observed during the
latter period of the run.

In this test and those reported above, no ad
vantage was noted for jet or batch precipitation or
for Mikro-pulverization after calcination. However,
elimination of particles above 5 ft was found to
result in a much less aggressive slurry.

13.2 TOROIDS

13.2.1 Introduction

Toroid tests during the quarter were concerned
with pilot tests of a production batch of jet-
precipitated thoria, with early runs in a series of
exploratory tests of basic slurry corrosion vari
ables, and with evaluation tests of special and
unusual thoria preparations.

13.2.2 Tests with Thorium Oxide Prepared from
Jet-Precipitated Thorium Oxalate

Tests were continued during the quarter to
evaluate slurries of thorium oxide prepared by
calcining jet-precipitated thorium oxalate. Oxygen
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ated slurries of two experimental preparations,
one calcined at 1600°C for 4 hr and a second
calcined at 1800°C for 1 hr, were circulated at
250 and 280°C in toroids for 300 hr at 26 fps. In
one test the proposed recombination catalyst,
Mo03, was added. Corrosion specimens of type
347 stainless steel, titanium 75A, Zircaloy-3A,
and SA-212-B carbon steel were exposed in each
test.

Corrosion rates, as shown in Table 13.2, were
moderate with slurries of 1600°C-calcined prepa
rations at concentrations of 250 to 1000 g of Th
per kg of H20. At a slurry concentration of 1000 g
of Th per kg of HjO, the addition of 0.05 MMo03
had no significant effect on attack rates of type
347 stainless steel, titanium 75A, and Zircaloy-3A,
but the attack of SA-212-B carbon steel increased
approximately sevenfold.

A moderate decrease in the mean Stokes diameter
of the thoria particles occurred during circulation.

Corrosion-erosion attack produced by slurries of
1800°C-calcined thoria was generally higher than
that which occurred with slurries of 1600°C-calcined
thoria at comparable concentrations. This may
have been associated with the large (12 ft) original
average particle size. A significant change in
particle size was noted in the tests employing the
1800°C-calcined material. By sedimentation
analysis the mean Stokes diameter of the thoria
was reduced from 12 ft to approximately 0.5 y
during the 300-hr circulation period (see Table
13.2). The apparent crystallite size of the oxide,
determined by x-ray line broadening, was also
markedly reduced during the circulation tests from

O O

> 2500A to ~ 300 A. Preliminary data from similar
tests employing other oxide preparations calcined
at 1800°C support these observations. Additional
tests are currently in progress to study the mecha
nism of degradation of these oxides.

13.2.3 Effect of Atmosphere, Circulation
Temperature, and Thoria Calcination

Temperature on Attack by
Aqueous Slurries

A series of tests has been initiated to study
the effect of operating temperature, thoria calci
nation temperature, and gaseous atmosphere on
the corrosion-erosion attack of selected alloys by
circulating aqueous slurries in toroids. Slurries
of 550, 650, 800, and 1600°C-calcined thoria at a
concentration of 1000 g of Th per kg of H-0 are
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Table 13.2. Attack by Slurries of Thoria Prepared from Jet-Precipitated Thorium Oxalate

Time: 300 ht

Velocity: 26 fps

Atmos phere: oxygen

Tho Ox ide
CaIcination Operating

Concentra

Attack Rate* (mp y)
PH,

Postrun

Mean P article

rium
Te mperature Temperature

ion

SA-212-B
Size (r<)

Bat ch (°C) (°C)
(g Th/kg hjU) 347 SS Ti -75A

Steel
Zircaloy •3A

Prerun Postrun

JP-1 1600 280 250 2 <1 10 2 6.1 1.3 0.6

JP-1 1600 280 500 1 1 5 2 5.0 1.3 1.1

JP-1 1600 280 1000 4 3 4 2 4.9 1.3 0.8

JP-1 1600 280 1000 3 2 30 3 5.5 1.3 0.5

(+0.05 MMoO.,)
Jett 1800 250 210 3 2 4 4 5.8 12 0.5

Jett 1800 250 1000 14 9 5 6 11.3 12 0.4

Jett 1800 280 1000 4 8 11 11 12 0.6

Jett 1800 280 1000 6 7 11 12 12 0.6

*Not corrected for slug flow.
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being circulated in hydrogen and oxygen atmos
pheres at circulation temperatures of 100, 150, 200,
250, and 280°C in 300-hr tests. Pin specimens of
type 347 stainless steel, Zircaloy-3A, titanium
75A, and SA-212-B mild steel are exposed in each
test.

In the oxygenated series, oxygen overpressures
are provided by the thermal decomposition of
hydrogen peroxide. In the hydrogenated series,
the toroids are purged with hydrogen for 15 min
and then sealed.

The results of four of the tests which have been

completed are presented in Table 13.3.

Type 347 stainless steel, titanium 75A, and SA-
212-B steel generally exhibited higher attack
rates in hydrogenated tests than in oxygenated
tests, irrespective of the test temperature or thoria
preparation, whereas attack rates of Zircaloy-3A
were not often significantly affected.

The attack of type 347 stainless steel increased
moderately in hydrogenated tests with increasing

Table 13.3. Summary of Toroid Experiments Studying the Effects of Hydrogen and Oxygen Atmospheres
in Relation to Calcination Temperature and Operating Temperature

Time: 300 hr

Relative velocity: 26 fps

LO-17R (550°C calcined)

Temperature, 100 C

Oxygen

Hydrogen

Temperature, 150°C

Oxygen

Hydrogen

Temperature, 200°C

Oxygen

Hydrogen

LO-18 (650°C calcined)

Temperature, 100 C

Oxygen

Hydrogen

Temperature, 150°C

Oxygen

Hydrogen

Temperature, 200°C

Oxygen

Hydrogen

Concentration: 1000 g of Th per kg of HjO

347 SS

Attack Rates (mpy)

TI-75A
SA-212-B

Steel
Zircaloy-3A

0.6 Wt gain 7.1 0.8

0.9 0.1 51.2 0.5

0.8 0.8 6.0 0.8

4.8 1.3 109 1.8

Wt gain Wt gain Wt gain Wt gain

1.0 0.3 124 0.7

0.3

0.8

1.7

4.4

0.6

5.8

0.2

0.5

0.0

0.6

0.6

2.3

11.4

81.4

9.3

173

1.2

126

0.4

0.6

0.6

3.1

0.1

1.5

pH,

Postrun

7.7

9.0

8.2

8.3

7.4

8.9

7.6

8.6

7.4

7.9

7.1

7.9

Average Particle

Size (y)

Prerun Postrun

2.3 0.7

2.3 0.6

2.3 0.7

2.3

2.3 0.8

2.3 0.7

3.3 0.7

3.3 0.5

3.3 0.6

3.3

3.3 0.4

3.3 1.0
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Table 13.3 (continued)

Attack Rates (mpy)
PH,

Postrun

Average

Size

Particle

347 SS Ti-75A
SA-212-B

Steel
Zircaloy-3A

Prerun Postrun

L0-2A (800°C calcined)

Temperature, 100 C

Oxygen 0.1 0.1 10.7 0.1 7.7 1.4 0.7

Hydrogen Wt gain Wt gain 155 0.4 7.6 1.4 0.8

Temperature, 150 C

Oxygen 0.7 2.3 3.8 0.2 7.3 1.4 0.8

Hydrogen 1.7 4.4 124 3.3 7.3 1.4 0.8

Temperature, 200 C

Oxygen 3.4 4.8 5.9 1.9 6.1 1.4 0.8

Hydrogen 5.7 1.3 69.7 1.0 7.3 1.4 1.0

TO-10-1000 (1600°C calcined)

Temperature, 100 C

Oxygen Wt gain Wt gain 18.4 0.1 7.4 1.2 1.2

Hydrogen 0.5 Wt gain 3.8 0.6 8.4 1.2 1.8

Temperature, 150 C

Oxygen 0.2 0.3 2.7 0.4 7.0 1.2 2.0

Hydrogen 0.8 8.4 3.9 1.7 8.1 1.2 1.6

Temperature, 200 C

Oxygen 0.4 0.4 0.5 1.9 6.2 1.2 0.8

Hydrogen 2.1 0.5 2.7 0.6 8.8 1.2 3.2

circulation temperature. Such an effect was not
noted in the oxygenated runs.

Titanium 75A displayed higher attack rates in
hydrogenated slurries at 150°C than at 100 or
200°C in three of the four tests. No notable dif
ferences in attack rates were observed with ti
tanium in the oxygenated runs at the three temper
atures.

No significant trends in the attack of Zircaloy-
3A were noted in oxygenated tests at the various
operating temperatures. However, with hydrogenated
slurries, Zircaloy-3A, like titanium 75A, showed
highest rates in runs made at 150°C.

106

Corrosion rates of SA-212-B mild steel in oxy
genated tests decreased with increased circulation
temperature. A similar trend was not seen in the
hydrogenated system; the attack rates in general
were higher than in the oxygenated systems.

No effect of thoria calcination temperature was
noted.

Observations of the handling properties (pour-
ability) of the postrun slurries are noteworthy.
Without exception, postrun slurries of the 1600°C-
calcined thoria used in the tests poured readily
from the toroids. Slurries of the 550, 650, and
800°C-calcined preparations which were circulated



at 100°C could not be poured. Recovery of the
slurries which had been circulated at 150 and
200°C increased with increasing thoria calcination
temperature. No cakes or films of thoria were
formed in any of the tests.

13.2.4 Toroid Tests with Slurries of Arc-Fired

and Flame-Fired Thoria

Several tests were made during the quarter to
evaluate slurries of thoria produced by two new
firing techniques. The materials, furnished by
the Ceramics Group of the Metallurgy Division,
were prepared in an effort to produce fire-polished
thoria spheres.

One group of oxides was prepared by passing
800°C-calcined thorium oxide, thorium oxalate,
or thorium formate through an electric arc pro
duced between two graphite electrodes. The
products were composed of three general particle
shapes: hollow spheres, teardrops, and porous
irregular sinters. The mean particle sizes of the

C. E. Curtis, HRP Quar. Prog. Rep. Oct. 31, 1957,
ORNL-2432, p 139
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materials ranged from 21 to 140 ft. A photograph
of the arc-fired thoria is shown in Fig. 13.1.

The second group of oxides was prepared by
passing thorium oxalate and thorium formate through
an oxyacetylene flame using a Metco metallizing
gun. The flame-fired products appeared more dense
in structure and were generally irregular in shape.
Many of them had been sintered together into
aggregates. The particle size of these materials
ranged from 15 to 140 y.

Toroid tests of 300 hr duration were made at 250
and 280°C and 26 fps with slurries of each of the
preparations at a concentration of 1000 g of Th per
kg of H20. Specimens of type 347 stainless steel,
titanium 75A, Zircaloy-3A, and SA-212-B steel
were exposed in each run. The results of the
tests are shown in Table 13.4.

During circulation all the arc-fired thoria prepa
rations were degraded and produced high metal
attack rates. After circulation the mean particle
sizes of the oxides were 0.5 to 0.6 y.

The flame-fired thorium oxides were degraded to
1.2-2.5 ft during circulation. The slurry of oxide
made from thorium formate produced moderate

Table 13.4. Attack in Toroids by Slurries of Arc-Fired and Flame-Fired Thoria

Time: 300 hr

Relative velocity: 26 fps

Atmosphere: oxygen

Concentration: 1000 g of Th per kg of H-0

Thorium

Thorium

formate

Thorium

oxide

Thorium

oxalate

Thorium

formate

Calcination

Arc fired

3 times

Arc fired

3 times

Arc fired

3 times

Arc fired

1 time

Operating

nperat

(°C)

Attack Rates* (mpy)

Temperature a 919 p.
Preparation Conditions /0^ 347 SS Ti-75A OM"zl '̂D Zircaloy-3A Postrun

Steel Prerun

250

250

250

250

8.9 11 10

4.0 7.3 5.0

7.9 9.2 7.8

3.1 4.3 22

11

17

18

5.3

PH,

6.4

3.2

Mean Particle

Size (ft)

Postrun

91 0.6

104 0.5

9.4 104 0.6

5.5 21 0.5

Thorium

formate

Thorium

oxalate

Flame

fired

Flame

fired

280 3.2 2.0 2.0 Wt gain 5.4 >10 1.2

280 13 2.1 157 2.0 5.6 >10 2.5

*Not corrected for slug flow.
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attack rates. Attack by the slurry of oxide made
from thorium oxalate was high.

13.2.5 Circulation of Slurries of

Th02-CaO Mixed Oxides
The integrity of certain oxide refractories is

often improved by the addition of small amounts of
another oxide which forms a solid solution with

the matrix. Such an effect has been observed by
adding small amounts of calcium oxide to thoria.

One series of Th02-CaO mixed oxides, made by
the Ceramics Group of the Metallurgy Division,
has been evaluated in toroids. The mixed oxides

were prepared by dry-blending 800° C-calcined
thoria with varying amounts of calcium oxide and
subsequently refiring the mixtures at temperatures
of 1600 to 1800°C. The fired products were then
degraded in a hammer mill and screened through
a 250-mesh sieve. Oxygenated aqueous slurries
of these compounds were circulated in toroids at

C. E. Curtis and J. R. Johnson, Interim Report —
Properties of Thorium Oxide Ceramics, ORNL-1809
(Nov. 29, 1954).
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concentrations of 500 g of Th per kg of H20, at
26 fps and 250°C. For comparison, companion
toroids circulated slurries of the pure thoria which
was fired at 1600 and 1800°C. Pin corrosion
specimens of type 347 stainless steel, titanium
75A, Zircaloy-3A, and SA-212-B carbon steel were
exposed in each 300-hr test. The results of the
runs are shown in Table 13.5.

Each of the preparations was markedly degraded
during circulation. The slurries of Th02-CaO
mixed oxide were strongly alkaline after circu
lation, which suggested thatthe CaO had hydrolyzed
during the tests. All postrun slurries were highly
flocculated.

Attack rates were not excessive in view of the
large particle sizes of the prerun thoria. Major
attack of all specimens exposed in the eight tests
was due to localized erosion on the upstream
surfaces of the pins.

It appears evident from the results of these tests
that the addition of CaO to thoria to improve its
resistance to attrition is of no value in aqueous
systems at elevated temperature because of the
reaction between the CaO binder and water.

Table 13.5. Attack by Slurries of Thoria Containing Calcium Oxide

Time: 300 hr

Temperature: 250 C

Relative velocity: 26 fps

Concentration: 500 g of Th per kg of H.O

Thorium oxide: batch CYT-1143 8006C-calcined

CaO Added

(mg CaO/g ThOj)

Recal cination Attack Rates* (mpy)
PH,

Postrun

Mean

Si:

Particle

Temperature

(°C)
Hours

Temperc

at

ture
347 SS TI-75A

SA-212-B

Steel
Zircaloy-3A

ce (y)

Prerun Postrun

None 1600 4 2.4 2.0 4.3 1.9 6.0 12 1.4

None 1800 1 7.1 11 8.2 17 7.0 59 1.6

1.56 1700 2 5.5 2.0 2.9 2.5 6.5 50 2.1

3.16 1800 1 4.7 5.2 3.8 7.5 7.1 48 1.9

3.51 1700 2 4.9 3.1 6.4 3.8 12 59 1.8

6.86 1800 1 5.4 4.0 7.7 5.0 11 50 1.2

7.22 1700 2 4.9 4.2 4.9 6.6 11 58 2.3

10.35 1800 1 4.7 4.7 7.6 9.1 12 58 0.6

^Uncorrected for slug flow.
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13.2.6 Tests with Slurries of Silica-Coated Thoria

Eight toroid tests have been made to study the
circulation characteristics and corrosion-erosion

attack by aqueous slurries of silica-coated thoria.
Silica-coated slurries have the desirable property
of being Newtonian in their flow characteristics.
Seven laboratory preparations, furnished by the
Chemical Technology Division, were circulated as
oxygenated aqueous slurries at 250 and 280°C.
Test variables and corrosion data for the series

are presented in Table 13.6.
After being silica-coated, all oxide preparations

were recalcined at 650, 900, or 1200°C for 4- or
6-hr periods, as indicated in Table 13.6. The
SOB-10 thoria was calcined at 1600°C before

silica coating. The other preparations were
calcined at 650°C before coating.

In the group of tests made with SOB-10 material,
slurries were circulated in both hydrogen and
oxygen atmospheres. For comparison, tests were
run simultaneously using oxygenated and hydro
genated water to which silica was added as sodium
metasilicate.

In the tests with SOB-10 thoria, made at circu
lating concentrations of 264 and 1000 g of Th per
kg of H_0 with hydrogen and oxygen additions,
respectively, a pronounced increase in attack of
type 347 stainless steel and titanium 75A occurred

11 J. P. McBride and E. V. Jones, Chem. Tech.
Monthly Prog. Rep. Sept. 1957, ORNL-2416, p 65
(classified).

with the hydrogenated slurries. Attack rates of
SA-212-B carbon steel and Zircaloy-3A were com
parable in both hydrogenated and oxygenated tests.

In the tests made at 280°C, attack of all alloys,
except SA-212-B steel in three experiments, was
low. The increased attack of mild steel in those

tests was attributed to the presence of 100—500
ppm of chloride in the slurry.

All postrun slurries were well dispersed, were
fluid, and settled slowly. Recovery of slurries
in all tests was 90% or above.

13.3 IN-PILE AUTOCLAVE

SLURRY TESTS - LITR

13.3.1 Introduction

An important factor potentially affecting slurry
corrosion in thorium breeder reactors is reactor

radiation. The effects of radiation and of radiation

in conjunction with other variables remain to be
evaluated. The program and experiments described
below represent the first parts of an effort to ex
plore the effect of radiation on high-temperature
aqueous slurry corrosion. These utilize the in-
pile autoclave facility HB-6 of the LITR.

Equipment and general techniques were those of
the Solution Radiation Corrosion Section which

have been described by Warren and Davis.

1 2 K. S. Warren and R. J. Davis, ln-Reactor Autoclave
Corrosion Studies — LITR. I. Outline of Methods and
Procedures, ORNL CF-57-5-110 (May 22, 1957).

Table 13.6. Attack by Slurries of Silica-Coated Thoria

Velocity: 26 fps

Thorium Oxide

Final

Calcination

Temp. Time
(°C) (hr)

SiO

(mg/g Th02)

Toroid Operat
Conditions

ng
Slurry

Concentration

(g ThAg H20)

Pin Attack Rales* 1mpy)
pH,

Postrun

Partic

Prerun

e Size [fj)

347 SS Ti-75A
SA-212-B

Steel
Zircaloy-3APreparation

Atmos,
Time

(hr)
Temp.

(°C)

Postrun

None None Oxygen 309 250 0 Wt gain Wt gain 1.4 Wt gain

None 12.74** Hydrogen 309 250 0 Wt gain Wt gain 1.0 Wt gain 11.9

SOB-10-1600-DF 1200 4 50 Hydrogen 309 250 264 5.9 5.9 3.0 Wt gain 11.2 1.1

SOB-10-1600-DF 1200 4 50 Oxygen 309 250 1000 2.5 2.5 3.5 0.1 5.7 1.1

P-10-225-650-DF 650 6 21.67 Oxygen 498 280 500 1.8 Wt gain 61.7 0.3 5.7 0.5 0.6

P-10-225-650-DF 900 6 26.07 Oxygen 498 280 500 0.3 Wt gain 30.5 0.1 4.5 0.5 0.5

P-10-225-65O-DF 1200 6 6.79 Oxygen 498 280 500 Wt gain Wt gain Wt gain Wt gain 4.3 12.5 0.3

Th-10-650-DF 650 6 14.82 Oxygen 498 280 500 0.2 Wt gain 18.7 Wt gain 6.5 1.9 1.9

Th-lO-650-DF 900 6 18.11 Oxygen 500 280 500 0.7 0.5 1.7 Wt gain 5.2 2.3

Th-lO-650-DF 1200 6 5.13 Oxygen 500 280 500 0.1 1.8 2.1 4.4 4.4 2.9

Uncorrected for slug flow.
**Milligrams of SiO, per gram of H_0, added as sodium metasilicate.
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A series of experiments has been planned,
as shown in Table 13.7, with increasingly severe
levels of radiation and fission power density.

Essentially duplicate experiments are to be per
formed in and out of radiation with pure thoria,
with thoria containing 0.005 mole fraction enriched
uranium, and with thoria containing 0.05 mole
fraction enriched uranium. The lower uranium

concentration is approximately that estimated by
Rosenthal as the equilibrium U concentration
for HRE-3. However, fission power densities
(0.9 w/ml estimated) will not be at HRE-3 levels

13E. L. Compere, Notes on Proposed In-Pile Slurry
Autoclave Experiments, ORNL CF-57-11-27 (Nov. 6,
1957).

14M. W. Rosenthal and T,
tations for HRE-3 Design:
CF-57-7-23 (July 10, 1957).

B. Fowler, Nuclear Compu-
Equilibrium Results, ORNL
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because of the relatively low flux (8 x 10 esti
mated) in LITR beam hole HB-6. To achieve higher
fission densities, the thoria slurry of increased
enriched-uranium content is to be used. All thoria-

uranium preparations, determination of catalyst
concentrations, and handling of irradiated thoria
will be done by the Chemical Technology Division.

13.3.2 Development, Construction, and Operation

As the first in-pi le test in the above series, an
HB-6 type rocking-autoclave experiment, L6Z-
12IS, containing a thorium slurry was operated in
beam hole HB-6 of the LITR during the past
quarter. This was the first in-pi le slurry experi
ment in this facility. Experiment L6Z-121S
operated satisfactorily for 319 hr (including 16 hr

15,G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 115, Fig. 14.8.

Table 13.7. Proposed Series of In-Pile Rocking-Autoclave Slurry Experiments

Temperature: 280°C

Concentrati on: 1000 g of Th per kg of D,0
Th02 partic le size: 1-2 y
Th02 surface area: 1-2 m2/g
Overpressure: 300-500 psi 0 /25°C

Fill: 75% at 280°C "
Durati on: 300-500 hr

St a tus

P srformed Schedu ed Te ntative

Experiment No.: L6Z- 120S 121S 122S

Radiation (LITR HB-6) No Yes Yes Yes No Yes Yes Yes

Enriched uranium in thoria, 0 0 0.005 0.05 0 0 0 0

mole fraction

Natural uranium in thoria. 0 0 0 0 0 0 0 0.005

mole fraction

MoO,, 777 0 0 0.02 0.20 0 0 0.02 0.02

Specimens

Zircaloy-2 3 3 2 2 3 3 2 2

Zr-15Nb, P quenched 1 1 1 1 1 1 1 1

Zr-15Nb, heat aged 1 1 1 1

Zr-15Nb-2Pd, 0 quenched 1 1 1 1 1 1 1 1

Zr-15Nb-5Mo, /3 quenched 1 1 1 1 1 1 1 1
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of pretreatment) at 280°C (261 hr with the reactor at
3Mw).

The only difficulty encountered was the result
of a slight misalignment of the rocking plug in the
Oilite bronze bearings in the shielding plug. This
misalignment caused wear and, in turn, galling
between the plug and bearings. After 319 hr of
operation the rocking plug jammed in the bearings,
and the run was terminated. The bearing dif
ficulties did not affect the operation of the experi
ment for the 319 hr prior to shutdown.

The autoclave used in this test was fabricated

from Zircaloy-2 and contained six pin-type cor
rosion specimens — three of Zircaloy-2, one of
Zr-15% Nb (beta quenched), one of Zr-15% Nb-5%
Mo, and one of Zr-15% Nb-2% Pd. The auto
clave was loaded with dry thoria and part of the
required D,0. Gaseous oxygen was subsequently
added to the autoclave. No effort was made in

these experiments to remove the air originally in
the autoclave. After the oxygen addition was
made, a predetermined amount of D,0 was pumped
into the autoclave through the capillary tubing
connecting the pressure cell to the autoclave.
The D,0 pumped in was estimated to be sufficient
to fill the capillary and to bring the slurry con
centration in the autoclave to 1000 g of Th per kg
of D20, with a fill estimated to be 75% at 280°C.
The oxygen pressure was 380 psi at 25°C. By
means of a freeze-plug technique the capillary
tubing, pressure cell, and valves were checked for
leaktightness and absence of gas bubbles.

The addition of gaseous oxygen to the slurry
autoclave represented a departure from the loading
procedure normally used for the solution-containing
experiments, in which the initial oxygen over
pressure was obtained by the thermal decomposition
of H202 solution. The gaseous oxygen was used
primarily to prevent dilution of the D_0 by the
H202-H20 solution.

The autoclave was operated in the out-of-pile
mockup for approximately 16 hr at 280°C and 1700
psia as a final test before insertion in the LITR.

An out-of-pile rocking-autoclave test, L6Z-120S,
of 480 hr duration at 280°C, but otherwise identical
to the in-pile autoclave test L6Z-121S, was also
conducted as a means of comparing corrosion rates.

The thorium oxide used in both these experi
ments was from batch TO-10-1000, which was re-
calcined at 1600°C and subsequently pumped for
approximately 200 hr at 300°C in 100A loop runs
BS-15 and BS-16. This material had previously
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been tested for feasibility in the HB-6 autoclave
assembly and found to be satisfactory.

13.3.3 Computation of Gas Data

In order to use gas pressure measurements to
estimate the amount of oxygen which had dis
appeared from the system, and thus to estimate
general metal corrosion rate, it was necessary to
establish a relationship between the pressure and
gas quantity. This was done by establishing a
material-balance relationship according to the
following equation:

moles 0,

whe

W,.
hq

Zn RT M,. K
liq Henry

yvc, (ptot-v)
ZjZo2 Rr*(Ptot-*r) '

V = actual gas space in autoclave, ml,

V*xf = volume of any external gas-containing
space, ml,

P ~ observed total pressure, psi,

P_ = partial pressure of oxygen, psi,
2

W( = mass of liquid in autoclave, g, based
on material and volumetric balance for

liquid and vapor in autoclave,

M| = molecular weight of liquid, g/mole,

r<Hen = Henry's gas solubility constant,
psi/mole fraction,

R = gas constant, 1206 psi ml/g-tnole/deg
K,

Z = compressibility factor for gas at
temperature and partial pressure of
region,

T = absolute temperature of autoclave,
°K,

T* = absolute temperature of external
region, °K,

ST Ti, = saturation pressure of D20 vapor at
indicated temperature.

16E. L. Compere etal., HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 104.



This equation is based on a model which re
gards the system as consisting of a heated auto
clave containing solids, liquid, and vapor, con
nected to an essentially cool liquid-filled
pressure-measuring cell by liquid-filled capillary
lines in which a small gas volume may develop.
This volume, V* w occurs as a result of liquid

' ext'

compression and thermal expansion or contraction,
pressure-cell expansion, and any neglected fill
that exists. It is assumed that any gas driven
from the autoclave into this volume is at the total

pressure and that liquid condensed from this gas
does not alter this volume appreciably.

Thermal expansion of the autoclave, volume of
solids, and compression of the liquid by gases
present are taken into account in arriving at the
volume of the gas space and the mass of liquid
present.

The above expression should be expanded to
account for a more complex series of external
volumes at differing external temperatures where
this is necessary.

Experimentally, all parts of the system were
carefully calibrated, and the quantities of all
materials added were carefully observed. Values
of the ratio mole 0,/psi 02 were calculated for
various typical assumed temperatures and pressures
for the autoclave and its particular loading. A
correction factor for the effect of temperature
variations on the total gas-plus-steam pressure
was estimated for each assumed temperature, and
the steam (D20) pressure at this temperature was
subtracted to give the oxygen partial pressure.
From this the quantity of oxygen present was com
puted using the above equation.

The treatment of the P-V-T relationship in the
gas phase is compatible with that given by Syracuse
University Research Institute studies for the
systems steam-helium ' and steam-oxygen, 8 in
which it is shown that partial pressures may be
regarded as additive and that compositions may
then be computed in terms of the vapor densities of
the individual gases at the given temperature and
partial pressure.

13,3.4 Discussion of Results:
Pressure Measurements

Only data based on pressure measurements during
operation of experiments L6Z-121S (in-pile) and
L6Z-120S (out-of-pile) are available at the present
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time. Pressure observations at 280°C were taken

with the autoclave rocking. Shift-average values
of computed oxygen quantity plotted vs time for
these runs are shown in Fig. 13.2. Values for
run L6Z-121S with the reactor operating and re
actor down are shown. The difference is attributed

to error of the control thermocouple resulting from
gamma heating when the reactor was operating.
Values for out-of-pile run L6Z-120S are also
shown. The similarity of levels indicates nearly
identical loading relative to experiment L6Z-121S.
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Fig. 13.2. In-Pile and Out-of-Pile Corrosion of Zirc

aloy-2 by Thoria Slurries in Autoclave Tests at 280%
As Estimated from Oxygen Consumption.

Guide lines of 1-mpy slope indicate that each
experiment showed an initial corrosion rate of
approximately 1 mpy. The rate in the out-of-pile
experiment diminished in the latter part of the
run. Corrosion rates for these bombs were com

puted from the expression mpy -= 0.93 x micro-
moles of 0, per hr.

An increase in the zero pressure reading of the
Baldwin pressure cell of 14 psi was found at the
conclusion of in-pile run L6Z-121S. The plotted

J. A. Luker and T. Gniewek, Saturation Composition
of Steam-Helium-Water Mixtures PVT Data and Heat
Capacity of Super Heated Steam-Helium Mixtures,
SURI-Ch. E.-273-557F (July 29, 1955).

8J. A. Luker and T- Gniewek, Determination of PVT
Relationships and Heat Capacity of Steam-Oxygen
Mixtures, SURI-Ch. E.-273-558F (Aug. 2, 1955).
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longitudinal axis. The air motor rotates the drive
tube which, in turn, rotates an eccentric-drive
disk. The rotator arm has an Oilite bronze bearing
fitted to the arm inside the spherical bearings. As
the disk turns, the desired circular motion is
imparted to the toroid ring. Tests have demon
strated that the spherical bearing cannot withstand
rotation in this application; hence, an Oilite
bronze sleeve bearing was added to take the ro
tation, and the spherical bearing merely com
pensates for any misalignment and/or deflection of
the rotator arm during operation. A /.-in. tube
passing through the hollow rotator arm and termi
nating at the drive disk provides a continuous oil
supply to the Oilite sleeve bearing. Tests have
indicated that this provision is required for satis
factory sleeve-bearing service. The hollow ro
tator arm is used to route thermocouple leads and
capillary tubing from the toroid rings to the rear of
the rotator with a minimum of flexure of the leads

during rotation.
Preliminary testing of this model has been so

encouraging that further development work on other
models has been curtailed. Suitable dynamic
balance of the machine at speeds up to 1000 rpm
was achieved by attaching a counterweight on the
front of the drive disk opposite the rotator arm.

A method of heating and cooling which encloses
the toroid bundle within an ambient whose temper
ature is controlled and adjusted with air-water
and/or steam mixtures seems the most suitable

for in-pile operation. The instrumentation for
automatic temperature control of this type of
system has been designed and fabricated for test
and evaluation.

Work on the in-pile toroid rotator was curtailed
during this quarter because of increased effort on
the HRT core and blanket corrosion specimen
assemblies.

13.5 IN-PILE SLURRY LOOP

13.5.1 Loop Development

During the past quarter, development work was
resumed on adaptation of the 5-gpm in-pile solution
loop to slurry operation. Essentially no work had
been done on this since that last reported for the
quarter ending October 31, 1956. This cessation
of effort was a result of the inability to circulate
the thorium oxide slurries then available in the
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small loop. However, the improved handling
properties, demonstrated in 100A loop run BS-
18, of the recently available thorium oxide of
small particle size calcined at 1600°C offered
promise for use of the 5-gpm pump loop for in-pile
slurry studies.

The experimental loop now under test is es
sentially the same as the one that was used
previously. It is similar to the in-pile loops
presently operated in beam holes HB-2 and HB-4
of the LITR to obtain radiation-corrosion data

with uranyl sulfate solutions. The major dif
ference is the use of a vertical rather than a

horizontal pressurizer to prevent slurry settling
in the pressurizer. For slurries previously
tested (calcined at 800°C), it was also necessary
to provide an increased flow rate through the
pressurizer.

The loop in which earlier tests were made was
further modified for runs made during the past
quarter by removing the core, in which flow veloci
ties are low. The core was replaced with a U-
bend section of /g-in. sched-40 pipe; this is the
same size as the remainder of the main loop
piping. The circulation pump was an ORNL 5-gpm
model equipped with aluminum oxide bearings and
journals and was identical to the pumps used in
the in-pile solution loops. The loop also was
fitted with a slurry addition tank.

During the past quarter this experimental in-
pile slurry loop was operated for a total of 680 hr
at 250°C and 675 psia (oxygen partial pressure
of 100 psi) circulating a thorium oxide slurry of
approximately 550 g of Th per kg of H.O. The
thorium oxide used had been pumped previously in
100A loop runs BS-17 and BS-18. It was prepared
originally as mixed batches TO-10-1000 and LO-17,
each recalcined at 1600°C, and having a mean
particle size of 0.7 y. The loop flow rate was
approximately 7 gpm (~12 fps in the 71-in. sched-
40 main loop piping), as determined from measure
ments made with water at room temperature. The

20E. L. Compere et al., HRP Quar. Prog. Rep. Oct.
31, 1956, ORNL-2222, p 88.

21 E. L. Compere et al., HRP Quar. Prog. Rep. Oct.
31, 1957, ORNL-2432, p 88-91.

E. L. Compere et al.. HRP Dynamic Slurry Cor
rosion Studies: Quarter Ending April 30, 1956. ORNL
CF-56-4-139, p 20-21, Fig. 1.3.1.

23G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 104, Fig. 14.4.
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entire loop flow was routed through the bottom
section of the vertical pressurizer. A water purge
of 15 ml/sec from condensate produced in the
pressurizer was maintained to the pump rotor cavity
to minimize bearing damage from the thorium oxide
slurry. However, with the slurry presently under
test, and with the aluminum oxide pump bearings,
it may be feasible to substantially reduce or
eliminate the bearing purge as described below.

Based on these encouraging preliminary results,
development workwill continue with two objectives:
(1) to modify the loop for possible use in an
existing reactor experimental beam-hole facility —
either HB-2 or HB-4 of the LITR - for radiation-

corrosion studies and (2) to provide a small-scale
slurry loop requiring approximately 1 liter of
slurry for operation to supplement the larger scale
100A dynamic slurry corrosion test loops which
require 15-20 liters of slurry.

13.5.2 Slurry Pump Test

A test is being made to evaluate the need for
the pump-bearing purge when aluminum oxide
bearings are used and slurries of satisfactory
quality are circulated. A water purge is normally
used to prevent bearing wear by the thorium oxide
slurry when Graphitar pump bearings are used.
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Eliminating the need to make condensate in the
loop pressurizer for pump purge would greatly
simplify the design and operation of an in-pile
slurry loop.

A standard ORNL 5-gpm pump23 equipped with
aluminum oxide bearings and journal bushings
is circulating a thorium oxide slurry at a concen
tration of ~500 g of Th per kg of H20 without the
use of water as a bearing purge. Operation is at a
slurry flow rate of 5 gpm at 40°C and 25 psig.
An air overpressure of 25 psi is maintained to
prevent pump cavitation. The thorium oxide used
is the same as that described in Sec 13.5.1 for
the in-pile slurry loop. After operation with thorium
oxide slurry for more than 650 hr, there was no
evidence of radial bearing wear, but 0.0045 in.
wear was measured on the forward thrust bearing
when the pump was disassembled for inspection.
This thrust wear, although not necessarily signifi
cant, was unexpected in view of the lack of wear
on the radial surfaces of the bearings and since
the thrust load was not considered excessive.

Samples of slurry removed from the rear of the
pump during operation showed essentially the
same concentration of thorium oxide as that in

the loop piping.

H. C. Savage, Sintered Alumina as a Pump Bearing
and Journal Material, ORNL CF-57-11-122 (Nov. 26,
1957).
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14.1 IN-PILE LOOPS

14.1.1 Development and Construction

(a) HB-2 Loop Package. - Loop L-2-21 has
been assembled and is undergoing out-of-pile
operational tests prior to insertion into beam hole
HB-2 of the LITR. This loop is a modification of
the loop previously designated as L-4-21.1 After
100 hr of out-of-pile operation with a uranyl sulfate
solution, one of the corrosion coupons in the core
section of L-4-21 became dislodged from the
holder and was carried into the first stage of the
Byron-Jackson 5-gpm pump, and the pump was
damaged beyond repair. The pump was replaced
with a three-phase, 220-v ORNL 5-gpm pump.1
Several changes were made in the sample arrays,
and the loop was reassembled for operation in the
higher flux installation in HB-2, which had become
available as a result of the termination of loop
experiment L-2-19.

Zircaloy-2 tapered-channel coupon holders in
the core and line positions contain Zircaloy-2,
titanium 110AT, and type 347 stainless steel
corrosion samples. Stress specimens of titanium
110AT and type 430L stainless steel are installed
in the pressurizer. Seven low-velocity coupon
holders3 in the core and three in the line contain

a variety of zirconium alloys with different heat
treatments. One Zircaloy-2 and one type 347
stainless steel coupon are mounted in the forward
section of the core, the region of highest neutron
flux. Two cobalt-aluminum flux monitors encased

in type 347 stainless steel tubing are located in
the core.

'G. H. Jenks et al., HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 106.

2G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1956, ORNL-2148, P 92 (classified).

3G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 99.

(b) ORR Loop Package. - All the loop com
ponents except the core section have been
fabricated for the first ORR loop package, 0-1-20.
A transparent plastic model of the core was tested
by use of dye-injection techniques to ensure that
the flow distribution would be as designed, and
the core is now being fabricated. Auxiliary
equipment is being assembled for testing of the
loop package.

14.1.2 General Description of In-Pile Loop
Experiment L-2-17

Except for metallographic examination of speci
mens, stainless steel loop experiment L-2-17 has
been completed. This was the thirteenth in-pile
loop experiment and the fourth to be irradiated in
the HB-2 beam hole at the LITR.

The objective of this experiment was to obtain
corrosion data at 300°C. Light water was used as
the solvent, but otherwise the loop solution was
similar to the HRT solution.

One set of 24 corrosion coupons in Zircaloy-2
tapered-channel coupon holders was installed in
the core and one set in the in-line position. Each
set contained eight titanium 55A, eight Zircaloy-2,
and eight type 347 stainless steel coupons. The
coupon arrangement was identical in each channel
holder. Twelve ladder arrays (each containing
15 coupons) were mounted in the loop: six arrays
in the core annulus, four in the in-line position,
and two in the pressurizer. One of the pressurizer
ladder arrays was located in the liquid phase and
the other in the vapor phase. Of the 180 coupons
in the ladder arrays, 31 were fabricated from
titanium alloys, 82 from stainless steel alloys,
and 67 from alloys of zirconium. Eight of the
ladder coupon holders were fabricated of type 347
stainless steel, three of Zircaloy-2, and one of
titanium 55A. The location of the arrays and the
types of materials contained in the arrays are
given in Table 14.1.
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Table 14.1. Alloy Specimens Contained in Experiment L-2-17*

1. Alloys contained in core and line channel holders In-line

Type 347 stainless steel Array ZB-3 (Zircaloy-2 holder)

Zircaloy-2 Zr (crystal bar)-15% Nt (A, B, C, D)
Titanium 55A Zr (sponge)-5% Nb (A, B, C, D)

Zr (crystal bar)_15% Nb (A, B, C, D)
II. Alloys contained in ladder coupon arrays Zr (crystal bar)-2% Pd (A)

Core Zr (crystal bar)-20% Nb (E)

Zircaloy-2

Array ZB-1 (Zircaloy-2 holder) Array SA-7 (type 347 stainless steel holder)

Zircaloy-2

Zr (crystal bar)-15% Nb (A, B, C, D)*
Type 347 stainless steel

Zr (sponge)-15% Nb (A, B, C, D) Array SA-8 (type 347 stainless steel holder)

Type 430 stainless steel
Array ZB-2 (Zircaloy-2 holder) Type 430 L stainless steel

Zr (crystal bar)-20% Nb (E) Type 431 stainless steel

Zr (sponge)-15% Nb (A, B, C, D) Type 17-4 PH stainless steel (F)

Zr (crystal bar)-15% Nb-2% Pd (A)

Zr (crystal bar)-15% Nb-1% Fe (A, B, C, D) Array SA-9 (type 347 stainless steel holder)

Type 347 stainless steel
Array SA-4 (type 347 stainless steel holder) Zircaloy-2

Type 347 stainless steel Ti-55A

Array SA-5 (type 347 stainless steel holder)
Pressurizer

Type 430 L stainless steel
Array SA-10 (vapor phase) (type 347 stainless

steel holder)
Type 430 stainless steel

Type 431 stainless steel

Type 17-4 PH stainless steel (F)

Type 347 stainless steel

Type 430 L stainless steel

Zircaloy-2

Array SA-6 (type 347 stainless steel holder) Zr (crystal bar)_15% Nb (A)

Type 347 stainless steel
Ti-55A

Zircaloy-2

Ti-55A

Array SA-11 (liquid phase) (type 347 stainless
steel holder)

Type 347 stainless steel
Array TB-1 (titanium 55A holder) Type 430 L stainless steel

Ti-55A Zircaloy-2

Ti-3% Al Zirconium (crystal bar) (A)

Ti-llOAT Ti-55A

*Heat treatments:

A: beta quenched (1000°C for 2 hr, water quenched)
B: 600°C for 2 weeks, air cooled
C: 500°C for 2 weeks, air cooled
D: 400°C for 2 hr, water quenched
E: beta quenched, preoxidized

F: hot rolled and annealed
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In addition, a type 347 stainless steel "core
spider coupon" was attached to the high-flux end
of the core tapered-channel coupon holder in a
bracket fabricated from 0.010-in.-thick type 347
stainless steel sheet.

The structure of the loop was essentially the
same as in previous HB-2 experiments. The
5-gpm ORNL pump was of the outboard-bearing
design and contained Kearfott aluminum oxide
bearings and journal bushings. The rear bearing
housing was pinned to the rear of the pump
diaphragm. In addition, both front and rear bearings
were pinned to the bearing housings by means of
setscrews which seated in grooves in the outside
surface of the aluminum oxide bearings.

During out-of-pile pretreatment and tests, the
loop was operated for short periods with five
different solutions. A 4-hr run with 3% trisodium

phosphate solution was made at 95°C and was
followed by a 25-hr run with a 5% nitric acid
solution at the same temperature. After the acid
solution was drained from the loop, water was
circulated for 21 hr at 300°C in the main stream

and 315°C in the pressurizer. After the H20 run,
two runs with natural-uranium solutions were made

at the same temperatures. The solutions, of
identical composition, were 0.04 m UOjSO.,
0.025 mH2S04, and 0.005 mCuS04. The first run
was for 98 hr, and the second was for 89 hr. The
over-all loop corrosion rates during the natural-
uranium runs were 2.7 and 3.3 mpy, respectively,
based on oxygen consumption, and 1.9 and 0.8 mpy,
respectively, based on the amount of nickel found
in the solutions.

The enriched-uranium solution initially charged
to the loop for in-pile operation was 0.04 m
U02S0., 0.025 m H2S04, and 0.005 m CuS04.
The makeup solution differed only in that it was
0.065 m in excess H2S04 and contained 100 ppm
chromium. The additional H2S04 was included
to replace acid consumed in corrosion, and the
chromium was included to inhibit corrosion of the
type 420 stainless steel valve stems in the
process lines during solution addition. The main
stream temperature during the in-pile run was
300°C, and the pressurizer temperature was 315°C.
The only previous loop experiment with 0.04 rn
U02S04 solution, loop L-2-10,4 was conducted
with a main-stream temperature of 280°C.

4G. H. Jenks et al. HRP Quar. Prog. Rep. Jan. 31.
1957. ORNL-2272, p 104.

PERIOD ENDING JANUARY 31. 1958

Enriched-uranium solution was circulated for

about 57 hr in the loop before neutron irradiation
was initiated. After a total of 610 hr of circulation

time, the loop was drained in order to replace
valve No. 30 which was plugged. The loop was
then recharged with fresh solution, and operation
was resumed. The experiment was terminated
when the loop circulating pump failed after 1147 hr
of circulation. The energy output of the LITR
during the inserted time was 2625 Mwhr, essentially
all of which was liberated with the reactor at

3 Mw.

Current and voltage measurements were made on
the electrical windings and the power supply
during attempts to restart the pump.5 The results
of these measurements, together with those of
resistance measurements of the pump start and
run windings, indicated that there were turn-to-turn
or winding-to-winding shorts in the run windings.

The average fission power during operation of
the loop at the 3-Mw reactor level, determined from
Cs137 analyses, was 522 w during operation with
the first solution charge and 780 w during operation
with the second solution. The average total
fission power during the entire exposure was
604 w. The over-all average total fission and
gamma heat at the 3-Mw reactor power level was
1255 w.5 During operation with the second fuel
solution, there was a general upward trend in
fission and gamma heat that could not be correlated
with changes in the reactor fuel-element loading.
The temperature of the core end cap was observed
to rise steadily during this period from about
309 to about 311 °C.5

The thermal-neutron fluxes to which core

specimens were exposed were determined from
measurements of the induced activities of repre
sentative coupons from the core channel and core
annulus arrays. The coupons measured were
selected from those fabricated from Zircaloy-2,
Zr-15% Nb, and Zr-15% Nb-1% Fe. The determi
nations indicated an axial but no radial flux
gradient in the experiment. The fluxes in the
core ranged from 1.9 x 1013 neutrons/cm2/sec
at the location of the leading core channel coupon
to 4.25 x IO12 neutrons/cm2/sec at the location
of the rear coupon. The thermal-neutron fluxes
at the core nose and at the stainless steel coupon
in the spider were estimated to be 2.45 x IO13 and

5F. J. Walter, HRP In-Pile Corrosion Test Loops,
Operation of In-Pile Loop L-2-17, ORNL CF-57-8-112
(Aug. 30, 1957).
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heater, and main loop piping), a section of the
core-cap-to-core-body weld was also submitted
for metallographic examination.

14.1.4 Quantitative Inspection, Results,
and Discussion of Loop L-2-17

(a) Analyses of Scale from LowPower«Density
Regions. — (1) Procedure and Results. — Con
tinuing the effort to determine the distribution of
corrosion products and uranium throughout the
loop system, samples of the bulk scale were
removed from the core wall, the in-line annulus
holder, the pressurizer, the pump volute, and the
channel area of the core coupon holder for chemical
analyses. The samples were analyzed for U, Zr,
Cr, Fe, Ni, Cu, and S04» Results of these analyses
are shown in Table 14.2. Amounts of each

constituent are listed as percentages by weight
of the entire sample. Also shown, in the final
column of the table, is the weight per cent of
each scale sample not represented by the listed
constituents.

A material balance of Fe, Cr, Ni, and Zr was
attempted, with the use of these results together
with the results of oxygen, nickel, and weight
measurements. The scale sample from the core
channel holder was excluded from this consider
ation. The average of the other samples was
employed as representative of the average scale
in portions of the loop outside the core. The
amount of scale in the core was considered
negligible. The method of testing the balance
and the assumptions involved are the same as

PERIOD ENDING JANUARY 31, 1958

those previously employed and described for the
L-4-16 experiment.6 The results are presented in
Table 14.3 in the manner employed with L-4-16-
The value for the excess of nickel listed in the

final column is the difference between the sum

of the values for the nickel in solution and scale

and the total amount of nickel oxidized, as calcu
lated from oxygen data when it is assumed that no
constituent of the steel was selectively oxidized.

(2) Discussion of Results. — The scale sample
from the core channel was excluded from the

material balance because it is believed unlikely
that scale in the high-flux region is similar in
composition to that found outside the core.
Furthermore, the analytical results for the sample
from the core are open to question because the
summation of the percentages for the various
constituents is greater than 100. Probably, the
value for SO is erroneously high and accounts
for most of this discrepancy.

The results for the other samples indicate that
the composition of the scale from different
locations differs more in this loop experiment than
in the previous loop experiment L-4-16 for which
similar data are available.6 In general, however,
the results of the material balance are the same

as for L-4-16. The results indicate that nearly
all the zirconium that was oxidized in the core

was transported to portions of the loop outside the
core and deposited in the scale. The ratio of

6G. H. Jenks et al., HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 110.

Table 14.2. Analyses of Scale from Loop L-2-17

Source of
Scale

Weight

(mg)

Amount in Sea e (wt %)

Scale
U Zr Cr Fe Ni Cu so4 •

Rear of core 63.7 0.09 6.3 0.06 30.7 3.9 1.3 0.4 57

In-line annulus 3.4 0.12 20.6 0.0 38.6 5.0 8.0 4.0 24

holder

Pressurizer 45.3 0.05 1.5 0.43 8.5 7.7 6.7 2.0 73

Pump volute 4.1 0.54 4.9 0.0 23.3 16.8 1.4 7.8 45

Core channel 1.2 0.67 0.0 0.0 25.0 5.9 0.0 93.0

surface

*Weight per cent of scale not represented by listed constituents.
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Table 14.3. Material Balance of Scale Constituents

Element

Mass Ratio

of Element

to Iron in

Scale

Mass Ratio

of Element

to Iron in

Stainless Steel

Element Oxidi

During In-Pi

Exposure

(g)

zed

le

Element in

Scale Based

on Iron

(g)

Excess of Element

in Scale over

Amount Calculated

from Corrosion Data

(g)

Zr 0.33 1.08a 1.59 0.51

Cr 0.005 0.26 1.21fe 0.024 -1.19

Ni 0.33 0.15 0.68fc 1.59 1.37c

Fe (1) (1) 4.83fc (4.83) (0)

Stainless Steel Oxidized During In-Pile Exposure

Basis of Calculation Weight Oxidized (g)

Oxygen consumption

Dissolved nickel

6.79

4.6rf

aBased on weight-loss data.
Based on oxygen data.

cNickel in scale plus nickel in solution less nickel oxidized based on oxygen data.

Extrapolated to end of run.

chromium to iron in the scale is less than should
be expected if there was no preferential oxidation
of any steel component. The nickel in the scale
is much greater than expected with no selective
oxidation. Thus it appears that nickel is leached
or oxidized from the metal more rapidly than iron.
A large part of this nickel remains in the scale,
but some goes into solution. In some cases,
as in L-4-16,6 the amount in solution is about that
expected with no selective oxidation and with
complete solution of the nickel. In other cases,
as in the L-2-17 experiment, the amount in solution
is less than expected on the same basis. As a
result, the amount of nickel in solution cannot be
regarded as an accurate measure of the amount of
steel which has been oxidized.

(b) Analyses of Scale from Surfaces of Zirconium
Alloys Exposed in the Loop L«2'17 Core. -
(1) Procedure and Results. - A correlation of
in-pile autoclave results in terms of uranium
content of the scale was discussed in the previous
quarterly report.7 Specimens exposed in loops, at

7G. H. Jenks et al.. HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 120.
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appreciable fission power densities, do not retain
scale of the type encountered with autoclave
specimens. However, as was mentioned in the
previous report,*1 an extension of the correlation
to loop results suggests that, in some cases at
least, uranium is sorbed on Zircaloy-2 surfaces
exposed in loops and that the quantities sorbed
are sufficient to influence the corrosion behavior.

Analytical measurements of the uranium sorbed
on two Zircaloy-2 specimens from the core of
loop L-2-17 have been carried out. One specimen,
ZB-103, was from the channel and was exposed at
a solution power density of about 3 w/ml and a
solution velocity of about 30 fps. The other,
ZB-127, was from the core annulus; the power
density was about 4 w/ml and the velocity was
about 1 fps. The analytical method was developed
and measurements were carried out by the In-Pile
Loop Analyses Group in the Analytical Chemistry
Division. In outline, the analytical method is the
following: A specimen, as removed from the loop,
is treated with fuming H2S04. The scale, film,

8G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, P 118.
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and some metal are dissolved in this treatment.

Aliquots of the H2S04 solution are then analyzed
for various constituents. The uranium is determined

by a fluorometric method. The sensitivity and
accuracy of the method are such that 10~' g of
uranium in an aliquot can be determined with an
accuracy of ±20%.' The aliquots which were
employed contained about 10""' g of uranium.

In addition to the above-described measurements,
an analysis was made of the combined solutions
which resulted from the pickling, in preparation for
neutron activation analyses, of 12 zirconium-alloy
core specimens. Six of the specimens were of
Zr-Nb alloys and six of Zircaloy-2. Three of the
Zircaloy-2 specimens were from the channel; the
remainder of the specimens were from the annulus.

All were from locations in the rear, low-flux
portion of the core.

The results of the various analyses are given
in Table 14.4. The percentages in column 5 are
not the true percentages of the element in the
respective scales since, in the dissolution of the
scale and film, a considerable amount of underlying
metal was also dissolved. Values for the total

weight of a given element in the scale which are
calculated from the analytical results are listed
in column 6. Values for the total weight per unit
area are listed in the final column. A correction

has been applied in these values for the quantities
of iron, chromium, and nickel in the analytical
samples which can be attributed to the dissolution
of the metal sample. For the estimation of these
corrections, the following weight percentages in
the Zircaloy-2 were assumed: Fe, 0.12%; Cr,
0.1%; Ni, 0.05%.U. Koskela, private communication to A. R. 01 sen.

Specimen

ZB-103

ZB-127

L-2-17 pickling

solution

Table 14.4. L-2-17 Core Specimen Scale Analyses

Weight Element in Total Element Element in

Type Dissolved Element Sample in Scale Scale

(mg) (%) (/*g) (yg/cm2)

Core channel 121.5 U 0.01 12 5.5

coupon
Fe 0.17 110 50

Cr 0.09 20 9.1

Cu 0.0 0 0

Ni 0.05 20 9.1

Zr 70.78

Core annulus 66.12 U 0.07 46 21

coupon
Fe 0.16 60 27

Cr 0.10 22 9.1

Cu 0.07 46 21

Ni 0.05 12 4.6

Zr 68.06

1441.4 U 0.18 2.6 X103 100

Fe 20.8 3.0 XlO5 1.1 XlO4

Cr 0.0 0 0

Cu 0.09 1.3 XlO3 49

Ni 0.22 2.7 XlO3 100

Zr 64.00
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(2) Discussion of Results. — In order to com
pare contributions of uranium in solution and
uranium in the film to the effective power density
at the specimen surface, the total amounts of
uranium contributing fission fragments to the
surface from the two respective regions were
calculated on the basis of 1 cm2 of area at 280°C.
The films from specimens ZB-103 and ZB-127
contained 5.5 x IO-6 g and 2.1 x IO-5 g of
uranium per square centimeter, respectively.
Considering the uranium in solution which
contributes fission fragments to the surface to be
contained in the layer extending 30 y (the fission-
fragment range in the solution) from the surface,
the solution effectively contained 2.25 x IO"5 g
of uranium per square centimeter. Geometrical
and theoretical considerations indicate that, for
equal amounts of uranium in the film and solution,
the amount in the film is about five times as

effective in depositing fission-fragment energy in
the wall as is that in solution. If corrections in

power densities are made on this basis, the points
for the two specimens fall between the rate-vs-
power-density curve for L-2-15 and L-4-16 (0.17 m
U02S04, 0.015 mCuS04, and 0.03 mH2S04) and
that for L-2-14. The L-2-14 experiment was run
with 0.4 m sulfuric acid and is of interest for

comparison since high acid concentration may
suppress uranium sorption on a Zircaloy-2 surface.

Dividing the total weight of uranium from the
L-2-17 pickling solution by the number of coupons
involved and by the area of the coupons, it is
found that 1 x 10—* g of uranium per square
centimeter was contained in the film. This

amount is significantly higher than that found on
the two Zircaloy-2 coupons. Since there were
equal numbers of Zircaloy-2 and zirconium-niobium
coupons involved in this analysis, this difference
might be attributed to a greater affinity of the
zirconium-niobium alloys for the uranium. There
is, however, another factor which may account for
this difference. All the specimens in this group
were located in the rear portion of the core. As
was described in Sec 14.1.3, the scale becomes
progressively heavier in passing from the high-
to the low-flux regions of the core. This heavier
scale in the low-flux region may be expected to
provide additional surface for sorption of uranium.
As an additional point of interest, the presence of
a large amount of iron in the pickling solution
suggests that this heavier scale is transported
iron oxide.
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(c) Results of Specimen Weight Measurements
and Discussion. — (1) General. — Unless other
wise stated, all corrosion-rate values reported
below were calculated from weight-loss data, with
the exposed specimen area and total radiation
time (equivalent to 875 hr of LITR operation at
3 Mw) used as the bases for the calculations.
Average solution velocities across the coupons
contained in the tapered-channel holders were
from 8.7 to 41.2 fps. Solution velocity across the
ladder coupon arrays was estimated at 1 fps.
Power-density values for the core specimens
include the estimated contributions from fast

neutrons at the specimen positions.
(2) Zircaloy~2. —The results of weight measure

ments (presented as corrosion rates) for Zircaloy-2
core specimens are listed in Table 14.5 and
plotted in Fig. 14.5. For comparison, the L-2-10
results are also plotted in Fig. 14.5. The exposure
conditions in these two experiments were similar,
except that the temperature was 280°C in L-2-10
and 300°C in L-2-17. The line in Fig. 14.5 is that
previously drawn through the L-2-10 data.
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All specimens from the in-line and pressurizer
positions which were measured exhibited weight
gains after being defilmed.

As plotted in Fig. 14.5, qualitative agreement is
indicated between the results of L-2-17 and L-2-10.
However, the agreement may be better, quanti
tatively, than indicated. If total specimen areas
rather than exposed specimen areas are employed
in the calculation of corrosion rates, the annulus
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rates as well as the channel rates in the two

experiments are in agreement as shown in Fig. 14.6*
This difference in rate values resulting from the
two methods of calculation arises because annulus

specimens of two different types were employed in
the two experiments. In L-2-10, the ratio of total
to exposed area for the annulus coupons is 1.12;
in L-2-17 this ratio is 1.57. In the past, the usual
practice has been to employ exposed areas in rate
calculations.
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Fig. 14.6. Corrosion Rates of Zircaloy-2 Core

Coupons in Loop L-2-17 Based on Total Area and

Radiation Time.

Recent results obtained with experiment L-2-19
have indicated that the use of total area yields
more consistent and, hence, probably more valid
rate values. Coupons of two different types were
employed in L-2-19; one with a ratio of total to
exposed area of 1.07, the other with the usual ratio
of 1.57. Preliminary data show that the rates
based on exposed area are greater for the coupons
of the usual type than for the ones with a smaller
unexposed area. When total areas are employed in
rate calculations, the rates for the different types
of specimens are in near agreement. From these
considerations, it appears likely that the corrosion
attack at a given solution power density in the
300°C experiment, L-2-17, is about the same as
that in the 280°C experiment, L-2-10.

The L-2-17 results as plotted in Fig. 14.5 or
Fig. 14.6 support the postulate, discussed in the
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previous quarterly report,8 that the corrosion rate
at a given solution power density decreases with
increasing solution velocity. The rates posted for
the low-velocity annulus coupons are greater than
those for the higher velocity channel specimens.
Furthermore, the results for the channel specimens
indicate that the rates for the central coupons are
less than expected when compared with the rates
for the specimens located either in the front or
back portions of the channel holder. These front
and back specimens are exposed to solution
velocities of about 10 fps. The central coupons
are exposed to velocities as high as 40 fps. The
results, which are presented and discussed in
Sec 14.1.4(6), show that appreciable amounts of
uranium are sorbed on surfaces of both the channel

and the annulus specimens. The results also
indicate that the amounts sorbed on the annulus

specimens are greater than those on the channel
specimens. It appears likely that uranium sorption
on a given Zircaloy-2 specimen is responsible for
an appreciable fraction of the total corrosion
attack on a given specimen both in L-2-10 and in
L-2-17, and that differences in the amount of
uranium which is sorbed at different velocities

result in the apparent beneficial effect of increasing
solution velocity.

(3) Zirconium Alloys Other Than Zircaloy-2. —
Corrosion rates observed on the core annulus
coupons of crystal-bar zirconium alloyed with
15% Nb, 15% Nb-2% Pd, and 15% Nb-1% Fe;
sponge zirconium-15% Nb; and crystal-bar zir-
conium-20% Nb are compared in Table 14.6 with
the corrosion rates observed on the Zircaloy-2
core annulus coupons. The data are presented as
ratios of the observed zirconium-alloy corrosion
rate to the observed Zircaloy-2 corrosion rate, at
similar power densities. The Zircaloy-2 rates
used for the comparisons are the averages of the
rates observed on the coupons in annulus arrays
ZB-1 and SA-6. The results are plotted in the
usual manner in Fig. 14.7. Alloys subjected to
the beta-quench heat treatment exhibited the
best corrosion behavior, and the rates for all
alloys with this heat treatment are about 70% of
those for Zircaloy-2.

All in-line and pressurizer samples which were
measured exhibited weight gains after being
defilmed.

(4) Type 347 Stainless Steel. - The results for
core channel specimens are listed in Table 14.5
and plotted in Fig. 14.8. The power-density values
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Table 14.6. Relative Corrosion Rates of Zirconium-Alloy Core Annulus Coupons

All oy

Zr (crystal bar)-20% Nb

Zr (crystal bar)-15% Nb-2% Pd

Zr (crystal bar)-15% Nb-1% Fe

Zr (crystal bar)-15% Nb

Zr (sponge)-15% Nb

Power Density

(w/ml)

3.09

5.79

4.17

2.40

2.56

2.74

2.90

3.29

3.48

3.76

3.96

3.29

3.49

3.76

3.97

4.48

4.80

5.10

5.46

2.40

2.56

2.73

2.90

4.48

4.80

5.10

5.46

0.69

0.70

0.71

0.79

0.72

0.74

0.71

Corrosion Rate*

0.86

1.34

0.94

1.03

1.34

0.87

0.85

1.35

0.93

0.82

1.25

0.88

0.82

1.29

0.95

0.85

1.24

0.95

*Ratio of corrosion rate to that of Zircaloy-2 core annulus coupons at similar power densities.

**Heat treatments:

A: beta quenched (1000°C for 2 hr, water quenched).
B: 600°C for 2 weeks; air cooled.
C: 500 C for 2 weeks; air cooled.
D: 400°C for 2 hr; water quenched.
E: beta quenched; preoxidized.

1.03

0.84
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Fig. 14.7. Corrosion Rates of Zirconium-Alloy Core Specimens in Loop L-2-17.
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employed in Fig. 14.8 do not include any contri
bution from fast neutrons. Core channel data from

280°C loop experiments are included for com
parison. The specimen which showed a weight
loss corresponding to an average rate of about
30 mpy at a solution power density of 1.8 w/ml
exhibited evidence of fretting damage in the
holder, and the result should be omitted in the
consideration of the radiation-induced corrosion.

The corrosion of the steel core channel and
annulus specimens appeared to be of the usual
type encountered under irradiation; shallow pits
are formed which spread laterally to give, as a
result, fairly uniform attack.10

10G. H. Jenks et al, HRP Quar. Prog. Rep. July 31,
1957. ORNL-2379, p 110.

The results for core annulus specimens are
listed in Table 14.5 and plotted in Fig. 14.9.

The manner in which the steel data are plotted
in Figs. 14.8 and 14.9 implies that the corrosion-
rate-power-density relationship for steel at the
higher corrosion-rate values is of the following
general form:

R = Ae-B'p ,

where R is the corrosion rate, P is the solution
power density, and A and B are constants for a
given experiment. The primary justification for
the use of a plot of this form at this time is that
the corrosion data for channel specimens in L-2-17
and L-2-15, above rates of 1 or 2 mpy, form straight
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lines. However, a model of the corrosion of steel
under irradiation has been devised which leads to

an equation of this general form. This model will
not be discussed here.

The L-2-10 and L-4-16 data do not extend to

rates which are sufficiently high to establish the
slope for the data. However, it appears from the
data available that the value of the constant B in

the above equation is smaller for the L-2-17
results than for any of the 280°C results. The
exposure conditions for L-2-17 were similar to
those for L-2-10 with the exception of temperature.
The similarity includes the radiolytic-gas pressures,
estimated values of which were about the same in

L-2-10 and L-2-17. The channel-holder material

in L-2-17 was Zircaloy-2; that in L-2-10 was
type 347 stainless steel. However, comparison of
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the results of L-4-16 and L-2-15 indicated no

adverse effect on steel corrosion from the use of a

Zircaloy-2 holder; in L-2-15 the holders were of
Zircaloy-2, in L-4-16 of type 347 stainless steel.
The estimated partial pressure of radiolytic gas
in the main stream in L-2-15 was 100 psi; that in
L-4-16 was 30 psi.10

The annulus results for L-2-17, as shown in
Fig. 14.9, indicate that the annulus rates are
somewhat less than the channel rates at a given
solution power density. The few results available
from a given 280°C experiment differ appreciably
from those for the channel specimens in the same
experiment.

In-line and pressurizer samples showed, after
defilming, either weight gains or weight losses
that correspond to low rates of corrosion. The
data for these specimens are summarized in
Table 14.7.

(5) Stainless Steel Other Than Type 347- —
Corrosion rates observed on the type 17-4 PH,
430, 430L, and 431 stainless steel core annulus
coupons are compared in Table 14.8 with the
corrosion rates observed on the type 347 stainless
steel core annulus coupons. The data are
presented as ratios of the observed steel corrosion
rate to the observed type 347 stainless steel
corrosion rate, at similar power densities. The
type 347 corrosion rates used for the comparisons
are the averages of the rates observed for the
coupons in annulus arrays SA-4 and SA-6. Average
corrosion rates for these alloys appear to be
somewhat less than those for type 347 stainless
steel.

The majority of the stainless steel specimens
from the in-line and pressurizer positions lost
weight, as measured after defilming. The average
corrosion rate as calculated from the weight-loss
data is, in each case, less than 1 mpy. The
results are summarized in Table 14.7.

(6) Titanium 55A. —The results for core channel
and annulus specimens of titanium 55A are listed
in Table 14.5.

All in-line and pressurizer specimens exhibited
weight gains as measured after the defilming
operation, with the exception of one of the three
pressurizer liquid specimens. The weight loss
observed with the exception corresponds to an
average corrosion rate of 0.1 mpy.

(7) Titanium 110AT and Titanium-3% Al. -
Corrosion rates observed on the titanium 110AT

and titanium—3% Al core annulus coupons are
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Table 14.7. Summary of Data for Steel Specimens from In-Line and Pressurizer Positions, Loop L-2-17

Stainless Steel

Type

347

17-4 PH

430

430L

431

Position Array

In-line channel

ln-1 ine annulus SA-7

SA-9

Pressurizer vapor SA-10

Pressurizer liquid SA-11

In-line annulus SA-8

In-line annulus SA-8

In-line annulus SA-8

Pressurizer vapor SA-10

Pressurizer liquid SA-11

In-line annulus SA-8

♦Weight gains, 0.9 to 2.3 mg.

compared in Table 14.9 with the corrosion rates
observed on the titanium 55A core annulus coupons.
The data are presented as ratios of the observed
titanium-alloy corrosion rate to the observed
Ti-55A corrosion rate at similar power densities.
The titanium 55A corrosion rates used for the

comparisons are the averages of the rates observed
on the coupons in annulus arrays SA-6 and TB-1.
The average rates for the alloys are slightly
greater than those for titanium 55A.

14.1.5 In-Pile Loop L-2-19

Irradiation of stainless steel loop L-2-19 has
been completed in beam hole HB-2 at the LITR.
Total circulation time with enriched solution was

1149 hr, of which 96 hr was accumulated outside
the reactor. The energy output of the LITR during
the period that the experiment was inserted was
2705 Mwhr. Almost all the energy was liberated
at the 3-Mw level. The run was terminated when

the circulation pump failed.

Number of

Specimens

6

1

1

15

5

3

3

3

4

4

3

3

Velocity

(fps)

9.2-27.1

12.4

37.2

1.0

1.0

<1.0

<1.0

1.0

1.0

1.0

<1.0

<1.0

1.0

Corrosion Rate

(mpy)

0.0

0.04

0.0-0.4

0.1-0.4

0.3

0.3-0.8

0.1-0.2

0.0-0.3

0.1-0.3

0.4-0.7

0.3-1.2

0.04-0.2

Operating conditions and contents were reported
previously.11'12 The solution originally charged
to the loop was 0.17 mU02S04 (enriched), 0.02 m
CuS04, 0.1 m H2S04, and 0.2 m Li2S04 (99.9%
Li7) in a light-water solvent. The make-up
solution, added to the system to replace solution
withdrawn in sampling, was similar to the original
solution except that it contained 100 ppm chromium,
to inhibit corrosion of the valve stems, and 0.12 m
H„S0.. The calculated free-acid concentration
was maintained reasonably constant during the
run at about 0.10 m, but the calculated sulfate
concentration increased gradually from about
47.5 to 49.5 mg/ml at the termination of the run.
The main-stream temperature was 280°C, and the
pressurizer temperature was 295°C. No evidence

nG. H. Jenks et al, HRP Quar. Prog. Rep. July 31,
1957, ORNL-2379, p 99.

12G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31.
1957, ORNL-2432, p 119.
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Table 148. Relative Corrosion Rates of Stainless

Steel Core Annulus Coupons

Table 14.9. Relative Corrosion Rates of Titanium

Alloy Core Annulus Coupons

Stainless Steel

Type

Power

Density

(w/ml)

Corrosion

Rate*

Alloy
Power Density

(w/ml)
Corrosion Rate*

Ti-llOAT 2.73

2.90

0

1.63430 2.56 0.66

3.29 0.55 3.49 1.68

4.17 0.30 4.17 1.64

5.47 0.33 5.10 1.62

430L 2.74

3.49

4.48

5.79

0.75

0.50

0.56

0.37

Ti-3% Al 2.56

3.09

3.76

4.47

0

1.0

0.49

1.11

431 2.40

3.09

1.00

0.55

5.46 0.41

♦Ratio of corrosiori rate to that iof Ti-55A core annulus

3.96 0.42 coupons at simil ar power densities.

5.10 0.39
fixed plug hol e and the ball bearing added to the

17-4 PH 2.90 0.56 nose (reactor) end of the autoc lave assembly have

3.76 0.41
eliminated the

the rocking pli
gall

ig an

ing noted previous
d the fixed-plug-ho!

ly13 between
le liner.

4.80 0.28

14.2.2 HB-5 Exper i ments

*Ratio of corrosion rate to that of type 347 stainless
steel core annulus coupons at similar power densities.

of solution instability was observed at these
operating conditions. The over-all stainless steel
corrosion rate was 1.1 mpy based on oxygen
consumption and 0.9 mpy based on the nickel in
solution.

14.2 IN-PILE SOLUTION AUTOCLAVE

TESTS _ LITR

14.2.1 Development, Construction, and Operation

The assembly and operation of rocking-autoclave
experiments for radiation-corrosion studies in
beam hole HB-5 of the LITR continued. Three

experiments, L52Z-110, L53Z-lll,and L51Z-105-2,
were prepared and operated during the past quarter.
In-pile operating times for these three experiments
were 231, 165, and 208 hr, respectively. Each of
the three autoclaves was operated in a different
hole of the HB-5 facility without mechanical
difficulty. On this basis it appears that the
Oilite bronze sleeve bearings installed in the

134

Six experiments have been exposed in the new
HB-5 facility since it was placed in operation.
Results are incomplete for each of these experi
ments, and only the results of some flux measure
ments in the facility are discussed. A comparison
of flux values from a cobalt flux monitor and from

Zr95 activity in Zircaloy-2 specimens exposed in
autoclave L52Z-107 was made in the previous
quarterly report. 4 The values employed in that
comparison have been found to be in error. The
corrected results are shown graphically in
Fig. 14.10. The results of cobalt activation
analyses in a second HB-5 experiment, L52Z-110,
are included in Fig. 14.10, although the zirconium
activation results for this experiment are not yet
available.

For each set of data shown in the graph, the
indicated flux decreases linearly with increasing

13G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 120.

14G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 127.
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Fig. 14.10. Comparison of Thermal-Neutron Flux

Values from Zr95 and Co60 Activities.

distance from the front of the autoclave. The

same linear relationship between position and
flux obtains in the experimental facility in the
absence of an autoclave, as indicated by the
cobalt activation measurement reported previ
ously.14

The flux values obtained from cobalt activation
measurements in experiment L52Z-107 are about
75% of those derived from zirconium activation

measurements. A similar discrepancy between
thermal-flux values from Zr95 and Co60 measure
ments was observed in in-pile loop experiment
L-2-17 (Sec 14.1.2). The source of this discrepancy
is unknown, but will be investigated. Corrosion
data described below will be discussed in terms

of flux values indicated by Zr95 measurements.
Past results using values indicated by Zr95
measurements have been quite consistent, and it is
likely that relative values of fluxes from Zr95
measurements are valid.

The flux values in experiment L52Z-110, which
are indicated by the results of cobalt measure
ments, are appreciably lower than those in
L-52Z-107. This lower flux is probably due to the
nose bearing, which was employed in L52Z-110
but not in L52Z-107. This bearing is of steel and
hence presents an appreciable cross section for
neutron absorption. In addition, an experiment
employing the bearing must be located about \ in.
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farther from the reactor lattice than one not
employing the bearing.

14.2.3 HB-6 Experiments

(a) General. - The HB-6 facility is presently
being used for radiation-corrosion studies with
thorium oxide slurries (see Sec 13.3). No solution
autoclaves were operated in HB-6 during the past
quarter.

Nearly complete results of several solution
experiments previously exposed in the HB-6
facility have recently become available and are
presented and discussed. Some of the pertinent
information for these experiments is listed in
Table 14.10. Preliminary results for some of these
experiments have been mentioned in previous
reports.

{h) Description of Experiments and Results. -
(1) Z-104, Z-106, and Z-112. - A Zircaloy-2
autoclave containing two type 347 stainless steel,
two Zircaloy-2, and two niobium-zirconium speci
mens was employed in each of these tests. These
experiments were planned primarily as part of a
series to determine the effect on steel corrosion of

radiolytic-gas pressures and of excess acid
concentration. However, the interpretation of
these steel results will depend upon the results,
as yet unavailable, of other experiments in this
series. The Zircaloy-2 and zirconium-alloy results
can be compared with other results, and, in
connection with these, the experiments are
described more fully below.

An intention of the experimental design was to
provide a system in which the concentration
buildup of stainless steel corrosion products
would be small by virtue of a large ratio of
solution volume to stainless steel surface area.
The observed total buildup of nickel in solution
was less than 0.01 m. However, the increase in
the room-temperature pH values of the solutions,
as measured after irradiation, was rather large in
two of the three autoclaves involved. The pH
values were observed as follows: Z-104, pH 1.3
before irradiation, 2.3 after; Z-106, 1.05 before
and 1.6 after; Z-112, 1.05 before and 2.9 after
irradiation. Chemical analyses indicated about
100 to 150 ppm of chromium in each solution after
exposure. The copper concentration in solution
was the same in each solution and was at a value

calculated to yield a radiolytic-gas pressure
comparable with the pressures estimated for the
280°C loop experiments: 100 psi in L-2-15 and
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Table 14.10* In-Pile Autoclave Data

Solution Zomposit on Exposure

Temperature

(°C)

Exposure

Time

(hr)

Fission Power

Density in

Solution

(w/ml)

Corrosion Rate

of Autoclave

Material,

02 Data
(mpy)

Corrosion

Penetration of

No.
uo2so4a

(m)

CuS04 H2S04 Other

(m)

Autoclave Material,

02 Data
(mils)

L6Z-104 0.173 0.031 0.031 250

280

20

256

10.7

10.1 11.0

0.360

L6Z-106 0.171 0.031 0.060 280 180 10.2 9.8 0.238

L6Z-112 0.171 0.030 0.060 280 279 11.3

L6Z-113 0.1576 0.037 0.037 280 345 8.2C 7.2 0.267

L6Z-114 0.168rf 0.020 0.098

HN03
250

280

150

16

9.9e

9.Z1
7.4 0.178

L6Z-115 0.042 0.007 0.020 0.198

Li2S04 (99.9%
Li?)

280 278 ~2.5 5.0 0.144

L6Z-116 0.174g 0.041 0.041 0.183

Li2S04 (natural)
280

250

257

212

~10

~10*
5.8

4.1

0.283
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"Enrichment, 93.2% U235.
Final concentration, 0.077 m.

4.0 at final uranium concentration.

Final concentration, 0.112 m*

6.6 at final uranium concentration.

6.2 at final uranium concentration.

8Final concentration, 0.114 m,
(>•(> at final uranium concentration.

Specimen

Material

Zircaloy-2

Zr-15% Nb_1.5%Sn

347 SS

Zircaloy-2

Zr-15% Nb_1.5% Sn

347 SS

Zircaloy-2

Zr-15% Nb-1.5% Sn

347 SS

Zircaloy-2

Niobium

Zr02

Zircaloy-2

Zircaloy-2 pickled

Zr-15% Nb-1.5% Sn

Zircaloy-2

Zircaloy-2 pickled

Zr-15% Nb

Zircaloy-2

Zr-15% Nb

Niobium

Specimen Data

Corrosion Penetration Average Corrosion

Number of Average Value, Average Deviation Rate, Weight-Loss Uranium in Scale
Specimens Weight-Loss Data from Average Data (% U)

(mils) Value (mils) (mpy)

2

2

2

2

2

2

2

2

2

3

3

2

2

2

2

1

2

2

1

2

2

0.333

0.172

0.227

0.090

0.102

0.160

0.321

0.197

0.284

0.296

0.099

Decomposed

0.178

0.216

0.278

0.130

0.117

0.086

0.282

0.322

0.292

0.004

0.012

0.020

0.087

0.002

0.040

0.014

0.005

0.040

0.012

5.0

7.8

10.1

6.2

8.9

7.5

1.1

2.2

2.5

0.6

0.5

0.002 2.5 25.9

2.8

0.056 j
0.112 J

3.8

0.212 14.7

4.n
0.1

0.008 3.7J

0.007 2.7 0.1

2.7

0.055 114?? of Zr-2 0.3

0.055 1049! of Zr-2 24.8
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30 psi in L-4-16 [Sec 14.1.4(c)(4)]. In practice,
the estimated pressures in the autoclave tests
were between 30 and 70 psi.

Values for the average corrosion rate of
Zircaloy-2 in each of these experiments as de
termined from oxygen-pressure measurements and
from specimen weight measurements are shown
graphically in Fig. 14.11. No reliable results for
Zircaloy-2 specimens are available for experiment
Z-106 since," through an oversight, the specimens
contained fissure defects when installed.15 In
the case of Z-112, discrepancies were observed

in the oxygen data, and only the specimen data
are considered dependable and are reported. As
may be noted in Fig. 14.11, the Zircaloy-2 rates
observed in each case are about 20% less than

those expected for autoclave systems which are
similar to these but which contain no steel speci
mens. As was mentioned above, the chromium
concentration in the irradiated solutions from

these autoclaves was 100 to 150 ppm. The
indicated reduction in the Zircaloy-2 corrosion rate
in the presence of steel is consistent with
previous indications of a small beneficial effect
of chromium.16

16G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 125.

15G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31.
1957. ORNL-2432, p 127-128.
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The Zr-15% Nb-1.5% Sn alloy specimens in
these experiments corroded at an average rate
equal to about half that of the Zircaloy-2 speci
mens.

(2) Z-113. - This experiment has been reported
previously,17 but some of the data, in particular
the solution power density and the corrosion rate
from pressure measurements, were in error.
Table 14.10 contains the revised values. The
uranium concentration in solution decreased by a
factor of about 2 during exposure. Sorption of
uranium by the niobium and Zr02 specimens
probably accounts for this, decrease. The effective
solution power density in this experiment is
uncertain, but for purposes of representing the
Zircaloy-2 result in Fig. 14.11, a power-density
value corresponding to a uranium concentration
intermediate between the initial and final values

is employed.
(3) Z-114. - This experiment was proposed to

investigate further the function of nitrogen in the
autoclave systems. Previous data have indicated
that a large part of any atmospheric nitrogen
enclosed in autoclaves is fixed during irradiation.
Many autoclave tests have included sufficient
atmospheric nitrogen to yield a 0.05 N solution of
nitrogenous material in the autoclave if all the
included nitrogen were in solution. The Z-114
initial solution was 0.17 m in U02S04 and 0.1 m
in HNO,. After irradiation the uranium concen
tration was 0.11 m. The results of analyses for
N03~, NH3, and total nitrogen were inconsistent,
but ammonia was found in the irradiated solution,
and the pH of the final solution was 2.9 whereas
the initial pH was 1.0. The weight-loss results
from the three pairs of duplicate specimens show
a large disagreement and indicate a correspondence
between the corrosion rate of a specimen and the
relative orientation of the specimen in the auto
clave. The pin specimens were held in a rack
with all pins parallel. In cross section, the pins
lie at the corners of a hexagon with duplicate
specimens located across the hexagon from each
other. Three consecutive pins, one of each
material, corroded relatively less than the other
three. The data are consistent with the interpre

tation that the three pins in the lower portion of
the autoclave witnessed a different medium than
the other three, perhaps due to an unstable
solution. The average rate for the two Zircaloy-2

17G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 129.
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specimens which exhibited the smaller amount
of attack is 6-0 mpy. This is about the rate
expected for a UOjSO. solution containing excess
H2S04 but no HN03. The average rate for the
other two Zircaloy-2 specimens is 14.8 mpy.
Results for the Zr-Nb-Sn alloy in this experiment
are also of uncertain significance; the average
rate for one specimen is 3.4 mpy, and that for the
other is 25.9 mpy. The values for corrosion
penetration from specimen data listed in Table 14.10
are average values for duplicate specimens.

(4) Z-115 and Z-116. - These experiments
employed solutions which were 0.04 m and 0.17 m
in U02S04, respectively. Each was about 0.2 m
in Li2S04. Zirconium activation data are not yet
available, and the power-density values listed in
Table 14.10 and shown in Fig. 14.11 are based on
estimated flux values. In addition, an appreciable
amount of uranium was lost from the Z-116 solution
during exposure, and the power-density value
plotted in Fig. 14.11 corresponds to a uranium
concentration intermediate between the initial
and final values. Part of this loss of uranium can

be accounted for in the large amount of uranium
found in the scale from the niobium specimens.

In the case of Z-116, the addition of the Li2S04
appears to have offered some protection against
Zircaloy-2 corrosion at 280°C. The rate at this
temperature, as determined from oxygen measure
ments, is a factor of about 2 less than that
expected with a solution which is similar but
which contains no Li2S04. At 250°C, the rate
observed is only slightly less than that expected
for a solution free of Li2S04: 4A mpy observed as
compared with 4.8 mpy expected without Li 2S04.
In this connection it may be noted that the Z-26
experiment18 with added MgS04 was operated at
250°C, and no beneficial effect of the addition
was noted.

The corrosion rate of Zircaloy-2 in Z-115 should
be compared with similar 0.04 m U02S04 experi
ments at 280°C without added Li2S04. These are
Z-12 and Z-18 (about 10 mpy at 4.2 and 4.9 w/ml,
respectively) and Z-27 (14.5 mpy at 4.3 w/ml).
The comparison is not very clear, particularly in
view of the fact that the power-density value given
for Z-115 is an estimate, but there was probably
some reduction in corrosion rate in Z-115 due to

Li2S04.

18G. H. Jenks et al, HRP Quar. Prog. Rep. Jan. 31,
1957, ORNL-2272, p 110-113.



An empirical correlation of autoclave corrosion
data for Zircaloy-2 with the amount of uranium
found in samples of the loose scale formed on
specimens has been reported.19 The data for the
experiments under discussion do not establish
whether the beneficial effect of Li2SO. is due to
a reduced sorption of uranium in the scale. The
scale from Z-116 is reported to be 2.7% uranium,
about the same as the 1 to 3% reported for
comparable experiments with excess H„SO, but
without Li2S04. However, the final portion of the
radiation exposure for this experiment was at
250°C, and at this lower temperature little if
any beneficial effect of the additive on the
corrosion rate was noted. The Z-115 scale is

reported to be only 0.1% uranium. Scales from
comparable experiments without Li2S0. have
contained 2.5 to 3% uranium. The results of scale
analyses from other autoclave experiments with
Li2S04 have also been inconclusive.

Specimens of Zr-15% Nb were included in ex

periments Z-115 and Z-116. In Z-115, the
relationship between the observed rates for
Zircaloy-2 and the niobium alloy is about that
expected for the solution without Li2S04. In
Z-116, the rate for the alloy is slightly greater
than that for Zircaloy-2 and is about equal to the
rate expected for the solution without LijS04.
The explanation for these differences is unknown,
but the Z-116 results indicate that the presence of
Li2S04 has little effect on the niobium-alloy
corrosion under these conditions.

In connection with considerations of the effect

of scale uranium on corrosion, it may be noted
that in one of these experiments the reported
uranium is 0.1%, and in the other, 0.3%. The
scales from the Zr-Nb-Sn alloy specimens in
experiments Z-112 and Z-114 were also analyzed
for uranium; weight percentages of 0.6 and 14.7,
respectively, are reported for these. If the latter
result obtained under the exceptional solution
conditions in Z-114 is disregarded, it appears that
the amount of uranium sorbed on the niobium-alloy
scales in these experiments is a factor of 5 to 10
less than that usually found in Zircaloy-2 scales.
As for Zircaloy-2, there is no clear evidence in
these results that the presence of Li2S04 in
solution has any appreciable effect on the amount
of sorbed uranium.

19G. H. Jenks .et al, HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 120-126.
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Niobium metal specimens which were included in
Z-116 corroded at about the same average rate as
the Zircaloy-2 specimens. In comparison, niobium
specimens in experiment Z-113, mentioned above,
corroded at an average rate about one-third of that
for Zircaloy-2 in that experiment. These results
indicate that the radiation corrosion of niobium is

not greatly affected by excess Li2S04. In both
experiments, the niobium specimens developed a
very heavy scale which was about 25% uranium by
weight. In Z-116, this percentage of uranium is
about a factor of 10 greater than that found in the
scale from Zircaloy-2 specimens. The scale from
Zircaloy-2 specimens in Z-113 was not analyzed
separately, but a concentration of 1—3% uranium is
expected under these conditions.

14.3 SUPPORTING RESEARCH

In a manner analogous to experiments previously
performed on zirconium and titanium,20 type 347
stainless steel foil specimens, 0.6 x 0.18 cm,
contained in a thermal siphon loop were exposed
for approximately 45 hr at 280°C to Van de Graaff
electrons. The test-solution composition was
0.04 mU02S04, 0.01 mCuS04, and 0.025 mH2S04.
Current densities were approximately 40 ya/cm
at the specimen surface, and it is estimated that
the power density in the solution adjacent to the
specimens was about 60 w/ml.

The specimens were not defilmed after exposure;
they were weighed as removed. Weight changes of
+3.3 x 10~5 and +1.4 x IO"*5 g for the upstream
and downstream specimens, respectively, as
compare'd with +3.1 x 10~5 g for the irradiated
specimen, were obtained under these experimental
conditions. Microscopy revealed little difference
between the unirradiated and irradiated specimens.

It appears, therefore, that the effect of Van de
Graaff electron irradiation on the corrosion of

type 347 stainless steel is a minor one under the
experimental conditions employed.

Similar experiments are being made by use of a
23-Mev proton beam supplied by the 86-in. cyclotron
at Y-12.

14.4 HRT CORROSION SPECIMENS

A program has been in progress for some time in
the Homogeneous Reactor Project to design
equipment and facilities necessary for the instal
lation and evaluation of mechanical-property and

20G. H. Jenks et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 130.
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corrosion specimens in the HRT core and blanket
regions. Most of the design work has been carried
out in the Design Section. The Materials
Research Section is conducting the testing
program, and the tests will be reported here.

The specimens for use in these tests are in
the form of subsize impact and tensile specimens.
These are mounted in titanium holders designed to
be inserted through existing flanged openings in
the core and blanket vessels.21

A titanium holder containing a total of 24 of the
subsize impact and tensile specimens was installed

21 W. R. Gall et al, HRP Quar. Prog. Rep. Oct. 31.
1955, ORNL-2222, p 7-10.
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in the blanket of the HRT on December 30, 1957.
The test specimens are fabricated from type 347
stainless steel, titanium A-40, titanium 110AT,
Zircaloy-2 (welded), Zr-15% Nb (alpha quenched),
and Zr-15% Nb (beta quenched). Installation of
the test specimens in the core region of the HRT
has been delayed, pending completion of the
initial power operation.

Several additional holders and sets of test

specimens for both the core and blanket regions
have been fabricated. A supply of these as
semblies is required since it is planned to remove
assemblies for examination during periods of
reactor shutdown. New specimen-holder as
semblies will then be inserted.
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15.1 PHYSICAL METALLURGY

15.1.1 Zirconium-Alloy Development

Zirconium-base alloys containing niobium have
shown the greatest promise in the development
of a high-strength corrosion-resistant alloy to
replace Zircaloy-2 as the HRP core-tank material.
Basic physical-metallurgy studies and in-pile
corrosion tests are being used to procure the
information necessary for the development of
these alloys.

Data on the transformations occurring in the
Zr-Nb-X alloy systems have been reported in
four prior reports, and the progress and
mechanisms of the transformations were sum

marized in the last report.
Quench-and-reheat transformation data have now

been obtained on all the Zr-Nb-X alloys over the
range of compositions and temperatures of interest
in the alloy development program. Most of the
work has been performed on the Zr-15Nb-X alloys,
with a small amount having been performed on
the Zr-20Nb-X alloys and on the Zr-Nb binary
alloys. The ternary additions have been in the
amounts of 2 and 5 wt % for the elements Pd,
Pt, and Mo; 1wt %for Fe, Ni, Al, and Cr; \ wt %
for Cu; 3 wt % for V; 2 wt % for Th; and 5 wt %
for Ta. The binary alloys have contained niobium
in the amounts of 5, 7.5, 10, 15, 20, 25, and 33
wt %. Data on the oxides (type formed in air at
several temperatures and in water and uranyl

1G. M. Adamson et al, HRP Quar. Prog. Rep. Oct. 31,
1956, ORNL-2222, p 114-116.

2G. M. Adamson et al, HRP Quar. Prog. Rep. Jan. 31,
1956, ORNL-2272, p 119-123.

3G. M. Adamson et al. HRP Quar. Prog. Rep. April
30, 1957. ORNL-2331, P 124-138.

4G. M. Adamson et al, HRP Quar. Prog. Rep. July
31. 1957. ORNL-2379, p 122-126.

5G. M. Adamson et al, HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, P 131-133.

sulfate at 300^) have been obtained for essen
tially all the above alloys, plus a number of
binary and ternary alloys containing Ag, Sn, Si,
Mn, Y, and Ti. Oxidation rates in air at 600°C
have been obtained on a number of the more

promising alloys (judged on the basis of in-
pile corrosion data and transformation kinetics)
and at 700"^ on the alloys that showed oxidation
resistance better than Zircaloy-2 at 600^. In-
pile loop corrosion data, in the fuel solutions,
have been obtained (see Sec 14.1.4) on some
of the binary and ternary alloys in several heat-
treated conditions. During the past quarter,
long-time aging data on several of the ternary
alloys were obtained at 400 and SOO'C. These
data, along with representative portions of the
transformation data obtained previously, are
summarized in Table 15.1 for the alloys Zr-15Nb,
Zr-15Nb-2Pd, Zr-15Nb-5Pd, Zr-15Nb-2Mo, and Zr-
15Nb-5Mo. As can be seen from an examination
of these data, the addition of 2Pd to the Zr-15Nb
base alloy delays the hardening transformation,
5Pd and 2Mo delay it more, and 5Mo almost
suppresses it. Aging data for all the test alloys
are now being obtained at all temperatures of
investigation for times up to and including three
weeks.

In general, the ternary additions, except for Ta
and 02, increased the incubation period for the
hardening reaction at all temperatures, with Fe,
Ni, and Cr having the least effect, Pt and Pd
an intermediate effect, and Mo the greatest effect.
The additions of Cu and Al drastically reduced
the maximum temperature at which the hardening
transformation can take place and reduced the
temperature at which the hardening transformation
takes place at the maximum rate, but did not
increase the incubation period for the reaction

°0. Zmeskal, HRP Quar. Prog. Rep. July 31, 1956,
ORNL-2148, p 112-114 (classified).
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Table 15.1. Quench-and-Reheat Hardness Data for Various Zirconium-Niobium-Base Alloys

Reheat Reheat

Time

(hr)

Diamond Pyramid Hardness, 10-kg Load
Temperature

(°C)
Zr-15Nb Zr-15Nb-2Mo Zr-15Nb-5Mo Zr-•15Nb-2Pd Zr-15Nb-5Pd

Beta quench 210 187 235 185 210

400 0.5* 390 197 227 325 210

1* 390 193 230 358 209

2* 191 230 221

2 400 192 216 395 227

6 314 221 254

16 253 216 289

24 405 279 203 428 304

48 402 300 210 415 366

168 398 366 221 435 401

336 410 339 224 435 417

504 354 227 429

500 0.5* 250 189 222 188 209

1* 260 186 225 230 206

2* 188 227 213

1 240 187 221 180 199

2 255 182 221 262 206

6 187 221 232

16 219 216 266

24 280 235 216 255 276

48 287 240 218 260 283

168 270 256 232 257 289

336 255 251 245 210 285

504 240 256 276

*Specimens run in isothermal transformation machine.

All other specimens run in quartz capsules.

sufficiently to prevent excessive hardening in
the heat-affected zone of a weldment. The

addition of 5 wt % Ta to the Zr-15Nb base alloy
resulted in the formation of a completely mar-
tensitic structure on quenching from the beta
field, and the addition of oxygen by the use of
sponge Zr resulted in an increase in the rate
of all transformations. In general, an increase
in the amount of the ternary addition resulted in
an increase in the effect on the transformations

occurring in that system.
An examination of these data, plus the data

obtained on the in-pile corrosion resistance to
uranyl sulfate, has shown that the future in
vestigations should be confined primarily to
the ternary alloys Zr-15Nb-X and Zr-20Nb-X,
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with X as 2 and 5 wt % Mo and 2 and 5 wt %

Pd. Small-scale investigations of the Zr-Pd
and Zr-Pt binary alloy systems will be continued
because of their apparent promise in in-pile
corrosion resistance to the fuel solutions; as
yet, insufficient metallurgical data are available
to show the complexity of these systems.

Representative binary and ternary zirconium-base
alloys under study in the alloy development
program have been oxidized in air at 600CC to
determine relatively their oxidation resistance.
Certain of these alloys which showed good
oxidation resistance were oxidized in air at

700^. Control samples of iodide zirconium
and Zircaloy-2 were also oxidized to provide a
basis for comparison. Samples approximately



0.060 in. thick by /£ in. wide by 1 in. long were
chemically polished, weighed, and inserted into
a hot furnace at the desired temperature for a
short-time exposure, generally 1 hr. The weight
change was determined, and the same samples
were reinserted into the furnace for further

oxidation. When possible, they were oxidized
in steps for a total time of 64 hr. The data are
presented in Tables 15.2 and 15.3.

Alloys Zr-15Nb-5Pd, Zr-lSNb-^Cu, and Zr-
15Nb-5Mo showed better oxidation resistance than

Zircaloy-2 at both 600 and 700t, while Zr-
15Nb-2Pt was slightly better at 600CC and slightly
worse at 700<C. The Zr-15Nb-2Mo-2Pd was better

than Zircaloy-2 at 700^. In no case was any
alloy comparable with the iodide zirconium at
600^. Iodide zirconium has not as yet been
oxidized at 700t. The alloys which showed
the lower oxidation rates all had glassy-appearing

Table 15.2. Weight Gain for Zirconium-Base Alloys

Oxidized in Air at 600°C

Alloy
Weight Gain (mg/cm )

1 hr 16 hr 32 hr 64 hr

Iodide Zr 0.23 0.85 1.16 1.50

Zr-15Nb-5Mo 1.80 3.93 5.06 6.82

Zr-15Pt 0.64 2.66 4.31 7.56

Zr-15Nb-5Pd 1.14 2.56 3.75 7.82

Zr-15Nb-^Cu 1.08 2.78 4.53 8.46

Zr-15Nb-2Pt 0.81 2.52 3.77 8.60

Zircaloy-2 0.21 2.96 5.26 9.38

Zr-15Nb-2Mo 1.68 4.02 7.04 10.50

Zr-15Nb-2Pd 0.98 4.18 7.85 15.12

Sponge Zr-15Nb 1.15 4.54 8.81 16.50

Zr-15Nb-3V 0.74 2.35 6.12 21.76

Zr-15Nb 1.15 5.71 12.60 22.00*

Zr-15Nb-lCr 1.09 4.57 10.50 23.40

Zr-15Nb-2Th 0.68 5.22 12.76 23.75

Zr-15Pd 1.28 7.14 19.70 37.22

Zr-15Nb-lAI 2.71 6.96 8.70 **

*Some oxide was lost, so the weight gain was prob-

ably 25 mg/cm or greater.

**Scaling resulting in weight loss at 64 hr.
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Table 15.3. Weight Gain of Zirconium-Base Alloys

Oxidized in Air at 700°C

Alloy
We•ight Gain (mg/crri2)

2 hr 8 hr 16 hr 32 hr

Zr-15Nb-5Pd 2.47 4.02 5.43 7.09

Zr-lSNb-^Cu 2.58 4.77 7.21 13.50

Zr-15Nb-5Mo 3.35 6.65 9.35 13.53

Zr-15Nb-2Mo-2Pd 3.48 7.54 11.06 15.00

Zircaloy-2 2.27 6.22 12.83 28.37

Zr-15Nb-2Pt 2.30 6.25 12.37 28.70

oxides which remained adherent, except for edge
cracking, for the entire test period. Those alloys
which had poor oxidation resistance in air all
showed early spoiling and cracking of the oxide
films.

15.1.2 Zirconium-Hydrogen Study

A study has been initiated with the main purpose
of developing methods by which thin hydride
layers on Zircaloy-2 may be identified and studied.
Major unanswered questions concerning a homoge
neous reactor system are whether the zirconium
core tank will pick up hydrogen from either the
corrosion reactions or from dissociation of the

heavy water and, if so, how the resulting hydrides
will be distributed. Furthermore, it has often
been postulated that a hydride layer exists be
tween the metal and the oxide layer formed during
the aqueous corrosion of zirconium-base alloys.
As yet, however, the existence of such a layer
has not been demonstrated experimentally. As
a first step in this study, hydride layers of
varying thickness are being placed upon Zircaloy-2
specimens, and various techniques are being
evaluated to demonstrate the presence of this
known layer.

To prepare specimens for study, Zircaloy-2
was hydrided at 400^ in the Seivert's apparatus
to a total hydrogen content of 100 and 500 ppm.
Since, at these hydrogen levels, the specimens
had a sufficient content of hydrogen to produce
both alpha zirconium saturated in hydrogen and
the hydride, the hydride formed would exist as
a surface layer. These specimens were mounted
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in Bakelite, with a polyethylene layer being
placed between the specimen and the mount for
the preservation of the surface edge. "Slant"
polishing was used to extend the surface layer
sufficiently to permit examination under the
optical microscope. After being polished and
etched, the specimens were anodized to identify
the hydride, both in the surface layer and in the
interior of the specimen. A hydride layer was
found and examined in the specimen containing
500 ppm H2. An indication of the existence of
a hydride layer was found in the specimen con
taining 100 ppm H2, but the layer could not be
positively identified or examined because of edge
rounding even in the slant-polished specimen.
The development of methods for preserving the
edge is continuing. New etchants are being
examined for sensitivity in revealing the hydride
layer, and a technique of replication involving
the use of Faxfilm replicas is being tried. Such
a technique, if successful, would find its greatest
use in the examination of irradiated specimens.

15.2 MECHANICAL METALLURGY

15.2.1 Titanium

To ensure sufficient ductility and reliability of
A-40 titanium (35 ppm H2) as a reactor material,
a mechanical-property study is being conducted.
Although not thought to be serious, a reduction
in impact properties of A-40 titanium has been
found in the neighborhood of 250^C. Since
this temperature is within the proposed operating
range of the reactor, attempts are being made
through mechanical testing to understand these
phenomena.

In tensile tests Rosi and Perkins have also

found a decrease in ductility, as measured by
per cent elongation, for high-purity material in
the range of 230 to 450°C. With A-110AT, an all-
alpha alloy, Makrides and Baldwin'also reported a
dip in the reduction-in-area curve. Increasing the
strain rate from 0.05 in./in./min to 100 in./in./min

M. L. Picklesimer, Anodizing as a Metallographic
Technique for Zirconium-Base Alloys, ORNL-2296
(May 24, 1957).

Q

°F. D. Rosi and F. C. Perkins, Trans. Am. Soc.
Metals 45, 972-992 (1953).

o

N. Makrides and W. M. Baldwin, Jr., High Temperature
Brittleness in Titanium Alloys, WADC-TR-57-251(Pt I)
(March 1957).
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moved the trough from 370 to 540^. These in
vestigators suspected a strain-aging phenomenon
as the cause of this embrittling.

While tensile and creep tests are planned with
A-40 titanium in the range of interest, the first
tests were on samples aged in the absence of
stress. A group of Charpy V-notched impact
samples were aged for 3024 hr at 300°C. The
data are plotted in Fig. 15.1, along with the
original impact curve. There is very little, if
any, significant difference between the two
curves, which shows that the trough is not
caused by a simple aging mechanism and con
firms the data obtained with subsize samples
in a previous study on the effect of hydrogen
concentration on the aging of titanium.4

A mechanical-property study is being made on
a plate of A-70 (400 ppm H,) titanium to determine
what may be expected of this and other con
taminated material. Such data should also be

helpful in the long-range study of brittle fracture
in hexagonal metals.

With the transition temperature for this alloy
occurring above lOC^C, it was not possible to
use the standard drop-weight procedures, since
at these high transition temperatures the hydrogen
in the brittle crack-starter deposit goes into
solution. For these drop-weight tests the crack-
starter deposit was made by depositing a layer
of titanium from a rod which had previously been
contaminated with oxygen.

In Fig. 15.2 are presented Charpy V-notch
impact curves for two specimen orientations,
the nil ductility transition (NDT) temperature
from the drop-weight test being indicated. The
impact transition is more definite, with an abrupt
change in slope which occurs at a much higher
temperature than for the uncontaminated alloys.
The NDT temperature for this material occurred
at the break in the curve, while with comparable
but uncontaminated alloys it was on the flat
portion of the curve at a lower temperature than

the impact transition. This new position more
nearly corresponds to what is found with steels
than do the previous locations. In contrast to
most previous titanium samples, with this material
a rather marked change in fracture appearance
occurs within a narrow temperature range at
what corresponds to the NDT temperature in the
drop-weight test. It seems likely that the tran
sition temperature for this contaminated A-70
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Fig. 15.1. Charpy Impact Strength of As-Received and Aged A-40 Titanium.

titanium is related to the brittle hydride going
into solution.

15.2.2 Zirconium Alloys

A program on the mechanical properties of
zirconium alloys has been scheduled to obtain
the mechanical-property data required by the
designers and to understand better the meaning
of the mechanical properties of the hexagonal
metals. With a hexagonal metal, the effect of
preferred orientation is likely to be greater than
it is for the common cubic metals.

Full-size Charpy V-notch impact specimens
were cut from four different orientations in a

^-in. plate of Zircaloy-2, fabricated by the
Bureau of Mines. This plate contained 16 ppm
of hydrogen and was fabricated (forged and rolled
at 850^C) by essentially the same procedure used
for the HRT core-tank plates. As shown by the

divergence in the four curves presented in Fig.
15.3, considerable anisotropy was present in
this plate. The orientation of the notch seems
to have a greater effect than the specimen orien
tation. Specimens cut from both plate directions
but with horizontal notches showed no definite
transition region either in fracture appearance
or in energy values. The energy values are
fairly low for all temperatures; yet all the speci
mens showed shear lips, which are normally con
sidered a mark of a ductile fracture. The specimens
with a vertical notch gave curves that seem to
indicate a transition region, but all energy values
are higher than with the horizontal notch. The
specimens with the vertical notch broke with
a very unusual S-shaped fracture. The height
of the S decreased with decreasing temperature.
These tests well illustrate the premise that the
usual brittle fracture relationships cannot be
applied to hexagonal metals.
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Fig. 15.2. Charpy Impact Strength for Two Specimen Orientations of Contaminated A-70 Titanium.
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Fig. 15.3. Effect of Specimen Orientation on Impact
Properties of Zircaloy-2.
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15.2.3 Mechanical Properties of Irradiated
Titanium Alloys

Various titanium-base metals of interest to the

Homogeneous Reactor Project are being tested in
in-pile uranyl sulfate corrosion loops to determine
whether any changes occur in the mechanical
properties as a result of either hydrogen pickup
or neutron irradiation.

During this period, A-40 and C-130AM titanium
tensile specimens from in-pile loop L-2-14 were
broken. No large change in properties of either
alloy was noted. There does seem to be a small

,0G. H. Jenks et al, HRP Quar. Prog. Rep. April 30,
1957, ORNL-2331, p 118.



increase in tensile and yield strengths and, at
least with A-40, a decrease in ductility. More
exact data will be presented in the next report
when information is available on the reproducibility
of the subsize tensile tests with these metals.

15.2.4 Creep Studies

Preliminary creep tests are being conducted on
Zircaloy-2 and titanium 45A and A-llOAT. The
purpose of these tests is to provide experience
with the equipment and to determine the reli
ability of the data obtained. Data for time-
deformation curves are presently being collected
for stress levels in the vicinity of the short-
time yield strength at 600°F. As expected, the
data indicate that for times below 1000 hr the

above-mentioned materials are quite creep-re
sistant at 600°F. The tests are continuing to
determine the time required before third-stage
creep begins.

15.3 WELDING DEVELOPMENT

15.3.1 Titanium-Alloy Welding

Alpha-titanium alloys are simple, stable alloys
which possess much better mechanical properties
than the unalloyed grades and which, unlike most
titanium alloys, are considered to be weldable.
Attempts are now being made to develop proce
dures by which such alloys may be field-welded
to produce welds of reactor quality.

Two weldments were made in 3-in.-dia pipe
having /j^in. wall thickness. This pipe was
prepared by seam-welding /w-in. sheet stock
of titanium A-llOAT alloy which had been roll-
formed. The joint design and procedure used
were the same as those that have been developed
and are now being tested for the air-welding of
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commercial titanium.11 Owing to the lack of
rigidity and slight out-of-roundness of the rolled
sheet, the fitup of the joint prior to welding did
not meet specifications. However, the joints
were welded to study contamination and the
mechanical properties of the weldment.

Visual examination of the first weld revealed
intermittent lack of penetration, while visually
the second one was acceptable. Radiography
indicated fine-to-medium porosity throughout the
first weld, with some areas of heavy porosity;
again, the second weld was acceptable. The
mechanical properties of samples removed from
the welds are listed in Table 15.4. With the
exception of a reduction in the per cent elongation,
from 16% for the base metal, the mechanical
properties for the first three samples were equiva
lent to the properties of the base metal. The
duplicate sample from the second weld broke
in the heat-affected zone outside the intended
area; therefore the values must be regarded as
only approximate.

A microscopic examination confirmed the presence
of the porosity indicated by radiography. Micro-
hardness surveys showed average diamond pyramid
hardnesses (DPH) in the weld deposits of 321
and 339 (10-kg load), while the base metal was
305 DPH. These surveys showed consistently
higher hardnesses in the filler passes near the
face of the weld. While these welds are not up
to the usual HRP standards, it does appear
likely that with minor modifications in procedure
titanium A-llOAT may be welded satisfactorily in
air.

HiHRP Welding Specification No. 7 - Inert-Gas
Shielded-Arc Welding of Commercially Pure Titanium
(Dec. 7, 1956).

Table 15.4. Mechanical Properties of Titanium A-llOAT Weldments

Specimen

No.

Ultimate Tensile Yield Per Cent
Ben d Test, 2]/2T Radius

Strength Strength E longation Bend Ang e

(psi) (psi) in 1 in. (deg) Remarks

1A 133,290 117,770 10 5-10 Ruptured

IB 135,045 118,995 11 5-10 Ruptured

2A 132,670 122,390 12.5 20-30 Ruptured

2B 144,665 131,325 10 no Cracks appeared
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15.3.2 Zirconium-Alloy Welding

The Zircaloy-2 core tank in the HRT was suc
cessfully welded by use of specially fabricated
trailers to prevent contamination; however, this
procedure is slow and expensive and not readily
adaptable to field-welding. Efforts are now being
made to develop tungsten inert-gas-shielded air-
welding techniques suitable for use with Zircaloy-2.
Present efforts are being directed at modifying
developed titanium procedures so that they
may be used with zirconium.

Two welds were made in air on Zircaloy-2
plates of /.-in. thickness using 42*'n* ^'"er
wire. Both welds were satisfactory as determined
by visual inspection. The first weld contained
fine porosity with some scattered medium porosity,
determined by radiography and confirmed by mi
croscopy. In a microhardness traverse the base
metal gave an average hardness of 172 DPH
(10-kg load), while the weld metal had an average
hardness of 228 DPH. The radiograph on the
second weld indicated fine porosity, which was
also confirmed by metallographic examination.
The average weld-metal hardness was 224 DPH
(10-kg load). No mechanical-property tests have
been made on these welds.

15.4 NONDESTRUCTIVE-TESTING

DEVELOPMENT

15.4.1 Weld Inspection

Development of a reliable ultrasonic inspection
of stainless steel welds has been a goal of the
Nondestructive-Testing Development Group for
some time. Such an inspection would be better
adapted to remote inspection than presently
accepted methods and also could be less ex
pensive than radiography. A number of inspectors
in this country and abroad use a straightforward
pulse-echo ultrasonic technique with an angle-
beam search for weld inspection. This has proved
reliable in some specific applications, but several
drawbacks are apparent for HRP applications.

A large part of HRP weld inspection is con
cerned with type 347 stainless steel. In type
347 weldments, the weld metal and the base
metal differ in composition; thus there is a
possibility of a reflection of ultrasound from the
interface between weld and base metals, even
in a good weld. Any such reflection might well
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be misinterpreted as a weld defect and could
mask a real defect if it lay close to the interface.
Fortunately, no such reflections have so far been
identified with HRP type 347 stainless steel
weldments.

Type 347 weld metal attenuates ultrasound
rapidly. In order to evaluate this attenuation,
holes of various sizes were drilled through and
half-way through 2-in. pipe which had been
butt-welded. The drill holes, located both in
the weld metal and about L in. away from it,
were then "viewed" with ultrasonic waves which

had not passed through any weld metal, which
had traversed half the weld, and which had
penetrated the entire weld. By comparing reponse
amplitudes of these three groups of readings, a
good estimate of attenuation could be made.
Table 15.5 records these readings. It can be
be seen that the attenuation is indeed high.
For frequencies of over 2.25 Mc, attenuation in
type 347 stainless steel welds is inordinately
high, but, even at low frequencies, it would
be very desirable to be able to introduce
more power into small-diameter pipe. Maximum

instrument sensitivity was necessary for all
measurements on the 2-in. pipe. This can be
ascribed to low power inputs due to losses from
the use of a flat transducer on the curved pipe
surface and to the small reflecting surface
provided by a drilled hole. Several types of
plastic shoes as well as larger transducers were
tried. The 1-in. transducer without shoes proved
best able to introduce energy into small pipe
having better than average surface finish. Heat
treatment is being investigated as a method of
improving transmission characteristics of type
347 weld metal.

A high or irregular face or root bead can cause
spurious indications. For the purpose of evalu
ating these indications, ultrasonic surveys were
made of a /16-in."thick weld specimen, before
and after all face reinforcement was ground off.
If an echo was eliminated or reduced to back

ground level by the surfacing operation, it was
attributed to the bead. Radiography had been
unable to detect any voids in the reinforcement.
It was shown that the reflections from the re

inforcement may be a considerable portion of
the total. While some welds may be ground to
remove the excess metal, many field welds are
not adaptable to grinding; so this cannot be
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Table 15.5. Propagation of Ultrasonic Waves Through Weld Beads in Type 347 Stainless Steel Pipe

Values given are in instrument scale divisions

Defect (in.)

0.040

0.096

0.128 (\ way)
0.128

0.185 (^ way)
0.185

Through Parent Metal

0.6

0.6

0.6

0.6

0.4

0.5

Through Half of Weld Through Full Weld

— Full Sensiti /ity

NRDa NRD

0.5 0.7

NRD NRD

NRD NRD

0.2 NRD

0.6 to NRD NRD

2.25-Mc Z-in. X X-in. XW Transducer —Full Sensitivity'2

1.6

2.8

2.5

2.0

2.2

2.7

0.040

0.096-

0.128 (\ way)
0.128

0.185 {\ way)
0.185

NRD

2.0

1.8

1.8

1.1

3.2 to 1.1

NRD

NRD

1.6

NRD

NRD

NRD

2.25-Mc 1-in. X 1-in. SW Transducer - Full Sensitivity

0.040

0.096

0.128 (\ way)
0.128

0.185 (\ way)
0.185

a
NRD = not reliably detected.

Through one-third of weld.

Through two-thirds of weld.

1.8

2.5

2.0

2.6

1.6

2.9

considered as a final solution to the problem.
Some investigators have used a low angle of
approach or a large refracted angle of the ultra
sound to solve the problem. This method would
not detect defects in the weld reinforcement;
with type 347 weldments, defects are quite likely
to be found in the root reinforcement. Such a

method also requires very large power inputs.

NRD

2.0 to 1.0*
NRDC

NRD

1.4

1.5

2.0 to 1.0

NRD

NRD

NRD

NRD

NRD

NRD

15.5 ACTIVE-METAL REACTIONS

15.5.1 Titanium

Under an ORNL subcontract, Stanford Research
Institute is studying combustion reactions of
titanium with aqueous solution or vapors. The
purpose of the study is to establish the limiting
conditions for such reactions. The work discussed
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below is summarized from Stanford's quarterly
report.

Titanium rods were broken in tension while

confined in a pressure vessel filled with mixtures
of oxygen and helium or oxygen and steam at
various pressures and temperatures. Autoignition
of the titanium occurred when the mixture was

sufficiently rich in oxygen. Ignition occurred at
350 psi in pure oxygen, at 500 psi in 90% oxygen,
at 1000 psi in 65% oxygen, and at 1700 psi in
50% oxygen. In a similar set of runs, k-in.-wide
strips of 0.012-in. titanium foil were used instead
of /-in. rod; essentially identical values were
obtained in the two series. The diluent used

for most runs was helium, but for a number of
runs steam was used; this substitution had no

gross effect on the limits of this reaction.
Somewhat different results were obtained under

dynamic conditions. In these runs a titanium
rupture disk sealed off the gas mixture in the
pressure vessel. The rupture disk was broken
by piercing it with a spring-loaded plunger, re-
suiting in escape of the gases past the broken
surface. Under these conditions autoignition
occurred even more readily, requiring only 50 psi
with pure oxygen, 500 psi with 60% oxygen,
1000 psi with 45% oxygen. The curves delineating
the area of combustion under both static and

dynamic conditions and plotted with percentage
of oxygen against oxygen pressure and total
pressure are shown in Figs. 15.4 and 15.5.
Combustion will occur in environments represented
by the regions above the curves. The dynamic
or lower curve appears to become asymptotic at
about 35% oxygen, indicating that autoignition
will not occur (at this velocity and at room tem
perature) below this concentration, regardless of
pressure. However, it is likely that the location
of these curves will vary with the velocity.

Changes in the ratios of fresh to undisturbed
titanium surface did not result in major shifts
of the limits of this reaction. For most runs a

/-in. round specimen was used, notched by
reducing its diameter to /^ in. Samples in which
the notched area was reduced to /.. in. in diameter

ignited equally readily; so did a 1-in. round poppet
machined to simulate the original poppet used

1 9
F. E. Littman, Reactions of Titanium with Water

and Aqueous Solutions, Stanford Research Institute
Quarterly Report No. 3, September 16-December 15,
1957.
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in the test loop, when a l^-in.-dia appendix was
broken off.

Earlier experiments had shown that titanium
samples broken under water did not react. To
see if titanium once ignited in oxygen would
continue to react with water, the bottom of the
pressure vessel was filled with water. The results
indicated that the major effect of this was to
quench the reaction. A small amount of reaction
with water did occur under these conditions, as
was indicated by the presence of hydrogen in
the residual atmosphere. Whether this was due
to a specific reaction of the metal with water
or just to thermal decomposition of water by
the hot melt could not be determined.

An exploratory survey indicated that of the
metals tested, only titanium and zirconium were
capable of autoignition upon exposure of a fresh
surface to an oxygen atmosphere. Neither aluminum,
magnesium, iron, stainless steel, tantalum,
niobium, nor molybdenum showed any signs of
autoignition under these conditions.

15.5.2 Zirconium

Aerojet General Corporation, on a subcontract,
is comparing the reactions of zirconium alloys
with water and with oxygenated aqueous solutions
of uranyl sulfate.

No differences were found either in the room-

temperature dynamometer tests or in high-tem
perature, high-pressure molten-wire tests. Ex
perimental difficulties prevented the obtainment
of comparative data in the high-pressure, high-
temperature injection tests.

15.6 CERAMIC DEVELOPMENTS14

15.6.1 Calcination of Thorium Oxide at ^OOX

The Chemical Technology and Engineering Re
search Groups have employed one Ceramic Lab
oratory kiln since December 17, 1957, for calcining
thorium oxide at 1600^ for 4 hr. The average pro
duction rate was only 16 lb per day, owing mainly
to loss of kiln space while consideration was
being given to the problems of firing schedule
and of containers for the thoria powder. Chief

H. M. Higgins, Reaction of Zircaloy-2 with Water
and with Uranyl Sulfate Fuel Solution, Monthly Progress
Report No. 4, October 1 Through October 31, 1957,
AGC-AE-39.

This section was submitted by C. E. Curtis of the
Ceramics- Section of the Metallurgy Division.
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considerations concerned container materials suit
able from the standpoint of low contamination of
the thoria, of resistance to destruction during
continued recycling at 1600^ on a fast heating
schedule of 6 hr from room temperature to 1600t,
of ready availability, and of sizes suitable for
maximum use of kiln space. Containers of various
shapes have been obtained from Chas. Taylor Sons
Co., Electric Auto-Lite Company, and Norton
Company, and some were fabricated in this
laboratory. It is now agreed that containers high
in aluminum oxide are suitable from temperature
and contamination standpoints, but the other
questions have not received a final answer.

It appears that a production of 40 lb per day
per kiln may soon be possible.

15.6.2 Calcining Techniques for Thorium Oxide

Apparently the simplest procedure in thorium
oxide calcination from the standpoint of disper-
sibility and small particle size of the product
is obtained by packing the powered thorium oxide
loosely in the container. Tentative tests of
other techniques point to the following con
clusions:

1. Effect of compaction. - Tamping the dry
thorium oxide by hand into the container or by
dry pressing at 1300 psi into bars results in
hard-sintered products.

2. Effect of steam. - When steam was passed
through powdered thorium oxide during heating
to 1600^C for 2 hr, coarse particles (over 5 y)
were obtained, comprising 69 to 70 vol %.

3. Effect of burn-out material. - Firing thorium
oxide containing 10 wt % of thorium oxalate re
sulted in many coarse particles (30 to 50 vol %
larger than 5 y). Thorium oxalate by itself,
whether loosely or densely packed, burned out
to form easily dispersed particles (3 to 6 vol %
over 5 y). Thorium oxide blended with an equal
weight of the oxalate and 10% of cellulose powder
produced only 5 to 15 vol % coarse particles.

15.7 EFFECTS OF RADIATION ON

STRUCTURAL METALS AND ALLOYS

15.7.1 Equipment and Facilities

Experiments ORNL-10-6 (lattice irradiation) and
10-9 (Charpy and subsize Izods in hole HB-3)
are still being irradiated in the MTR. Withdrawal
is scheduled for February 10, 1958. ORNL-10-8
was returned from the MTR.
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A series of full-size Charpy specimens was irra
diated to approximately 5 x 10 8 fast neutrons/cm
in the LITR at 200 and 575°F. Testing is in
progress on A-285, A-301, and two heats of
A-212B steels. One of the A-212B steels was
cut from a 6-in.-thick plate of material that had
been normalized in the full thickness.

A variety of steel specimens was canned for
insertion in the source-tube facility in the blanket
of the HRT. These specimens will be subjected
to approximately the same temperature and flux
conditions as the pressure vessel during the
operation of the reactor.

Several hundred specimens have been run suc
cessfully in the remotely operated, subsize Izod
machine. Thermocouples have failed on several
occasions, but replacement units are kept on hand
so that little time is lost in replacement.

15.7.2 Steels and Iron

The variables affecting sensitivity to radiation
effects in ferrites are being investigated in a
high-purity iron. The results are not yet complete,
but several conclusions are possible. A shift
upward in transition temperature of 225°F was
observed in fine-grained (subcritical anneal) iron
at about 1019 neutrons/cm (energy >1 Mev).
This is the largest shift ever observed for such
a small neutron dose. This information confirms
earlier observations, based on tensile data at
room temperature, that ferritic structures are
more sensitive to irradiation than pearlitic struc

tures.

A change of 75°F in transition temperature was
observed in the iron that had been subjected to
a supercritical anneal and thus had a large grain
size. This grain-size effect is contrary to the
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data for 0.24% carbon steel, for which the
fine-grained material was found to be less
sensitive to radiation effects.

For the same iron in the as-received, cold-rolled
condition, no definite transition-temperature shift
was observed after irradiation, but the transition-
temperature range appeared to be narrowed. The
fractures in this material were most unusual.
Fracture at the lower temperatures took place
on two successive intersecting planes about
90 deg apart. Normally, fracture proceeds from
the base of the notch directly across the specimen
in a plane perpendicular to the plane of the
notched face. In the irradiated specimen the
fracture propagated downward at a 45-deg angle
from the notched face until halfway through the
specimen; at this point the plane of fracture
changed direction 90 deg and emerged from the
specimen at the normal position opposite the
notch. The results can be tentatively rationalized
on the basis of the predominant (100) [011] rolling
texture in iron and the increased susceptibility
to cleavage fracture caused by irradiation.

15.7.3 Zirconium Alloys

Notch-impact specimens of Zircaloy-2 irradiated
in excess of 10 neutrons/cm (energy >1 Mev)
as part of the Phillips-ETR materials program
were tested. Energy absorption was increased by
irradiation. The orientation of the specimens with
respect to the plate was not known, and this
probably has an important bearing on the results.
The impact strength, as shown by energy ab
sorption, increased by about a factor of 4 at
some temperatures.

15R. G. Berggren and J. C. Wilson, Recent Data on the
Effects of Neutron Irradiation on Structural Metals and
Welds, ORNL CF-56-11-1 (Jan. 30, 1957).
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16. URANYL SULFATE FUEL PROCESSING

R. A. McNees S. Peterson

16.1 SOLIDS BEHAVIOR

A limited accumulation of solids occurred on
small test pins of type 347 stainless steel which
were in contact with dilute slurries of simulated

HRT corrosion-product solids for several hundred
hours at temperatures of 25 to 100°C. Solids
buildup on the pins was measured by counting
techniques, FeS5-Fe59 or Zr95 tracers being used
in the preparation of the simulated HRT solids.
The test pins were immobilized in glass cylinders
containing the slurry of solids in 0.04 m UO.SO.-
0.02 m HjSO. solutions and were tumbled end
over end. Solids accumulation was at a maximum
in about 120 hr, after which time solids were
slowly lost from the pins.

No effect attributable to temperature variation
between 25 and 100°C could be seen, and the
studies are being extended to 275°C. Unfilmed
test pins that had been electropolished picked
up only about 10% of the amount of solids picked
up by pins left in the machined state. On the
unfilmed pins, Zr activity was more strongly
adsorbed than Fe activity, while on passivated
pins the reverse was true. Increasing the slurry
concentration increased the solids accumulation

on the pins somewhat, but the effects were not
proportional to slurry concentration changes.

Solids accumulation on the pins ranged from
10 yg/cm on electropolished untreated pins in
slurries containing 100 mg of solids per liter to
a single value of 1 mg of solids per square centi
meter in the case of a slurry containing 1210 mg
of solids per liter. With the exception of this
single value, the solids concentration on the pins
ranged from 10 to 50 yg/cm . It should be noted
that even the largest value observed represents
a film thickness of only about 0.05 mil, and the
important observation is made that in such a
system an equilibrium condition is attained in
which a continuing buildup of solids on the metal
surfaces does not occur.

A hydroclone operating on loop F at Y-12
consistently removed solids from the loop, but,
owing to uncertainties about the rate of corrosion,
estimates of its efficiency are not possible. More
solids were separated during periods of loop

thermal cycling than during periods in which the
temperature of the loop remained constant.

16.2 IODINE CHEMISTRY

Laboratory tests have repeatedly shown that
small-diameter (1-in.) absorption beds filled with
silvered Yorkmesh are less efficient than the
same beds filled with ^-in.-dia silvered-alundum
pellets because of channeling in the mesh-packed
bed. In two tests in the HRT mockup loop,
6-in.-dia absorption beds packed with silvered
Yorkmesh removed iodine very efficiently from
gas streams at 120°C. A bed packed to a density
of 22 lb/ft3 removed 97% of the iodine passing
through it, and a bed packed to a density of
29 lb/ft3 removed 99.6%. The distribution of
iodine in the two Yorkmesh beds and a silvered-
alundum bed under the same conditions is shown
in Fig. 16.1.

Samples of the silvered Yorkmesh to be used
in the HRT iodine absorption bed were subjected
to various radical treatments to determine the

effect of possible HRT operating conditions on
the behavior of the Yorkmesh and the iodine

absorbed on it. The Yorkmesh used had a surface

area of 0.07 m /g as measured by nitrogen ad
sorption and contained 21.4 wt % silver.

In repeated experiments with the silvered
Yorkmesh, after about 2% of the silver had been

consumed by iodine, the rate of iodine absorption
decreased by a factor of about 10 (Fig. 16.2).
For the run, a constant weight of steam-oxygen-
iodine mixture passed through the gauze per unit
time, but the iodine picked up by the gauze
dropped from about 40 mg per 30 min (2 mg/m /min)
to 4 mg per 30 min (0.2 mg/m /min). After a
gauze that was absorbing iodine at the slower
rate was heated to 600°C for a few minutes, it
would pick up another 10 mg of iodine in less
than 30 min, after which the iodine absorption
rate would again drop to 4 mg per 30 min. This
behavior was observed each time after the gauze
had been heated to 600°C and suggests that at
120-140°C the diffusion of iodine through the
mass of silver is the rate-controlling step in
the reaction. With silvered alundum under the
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same conditions of temperature, gas flow, and
gas composition, diffusion was not observed to
be the rate-controlling step, and 100% saturation
of the silver was easily obtained.

Silvered Yorkmesh gauzes loaded with iodine
to 0.4, 0.8, and 4.0% of saturation were subjected
to rapid temperature cycling between 30 and

156

— 44
c

E 40
o

Ld

°- 32

^ 28

20

UNCLASSIFIED

ORNL-LR-DWG 28364

STEAM FLOW-5100 cc/min AT100°C

02 FLOW-42 cc/min AT 25 °C
— I2 CONCENTRATION - 45 mg OF I PER (OOOcc OF 02 AT25°C

BED TEMPERATURE-136°C-141°C

- BED ZX LOADED 1 t

BED 35% LOADED

4

TIME(hr)

BED 4%

" LOADED
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400°C. No appreciable amount of iodine was
lost from the gauzes after 10 cycles.

Another iodinated gauze was heated to 170°C
and then rapidly immersed in boiling 0.04 rn
UO2SO4-0.02 m H2S04 solution. After 10 cycles
the uranyl sulfate solution contained only 0.01%
of the iodine originally on the gauze. The uranyl
sulfate solution did not wet the gauze, and solid
uranyl sulfate was not deposited on the gauze.
Attempts to form such deposits were unsuccessful.

Other iodinated gauzes were heated to 600°C
in streams of oxygen and steam-oxygen mixtures.
No iodine could be detected in the gases passing
through the gauze. A slight darkening of the
pyrex tube in the areas in contact with the test
gauzes indicated a very small amount of reaction
with the silver of the gauze, but the absence of
I in such areas indicated that iodine was not

a factor in that reaction. Samples of the gauze
wire from this test and from the other treatments

have been submitted for metallographic exami
nation.
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17. GASEOUS FISSION-PRODUCT DISPOSAL

W. E. Browning
R. E. Adams

17.1 DYNAMIC STUDIES

In additional experiments on the adsorption of
xenon by Columbia grade G charcoal, xenon was
adsorbed 16.5 times as strongly as krypton at
room temperature but only 7.9 times as strongly
at 100°C. The experimental techniques have been
described elsewhere.

Preliminary results in an evaluation of other
adsorber materials showed four types of Linde
molecular-si eve material to be considerably less
efficient than Columbia grade G charcoal in
holdup of krypton at room temperature (Table 17.1).

Table 17.1. Comparison of Sc lid-Adsorbent

Efficiencies for Holdup of Krypton

Material

Linde molecular sieves

4A

5A

10X

13X

Columbia grade G charcoal

Efficiency Compared with

That of Charcoal (%)

14

14

28

36

100

Ninety per cent of the iodine adsorbed by a
12-in.-long Columbia grade G charcoal trap was
in the first \ in., but only 55% was in the same
portion of a trap containing molecular sieve 13X
(/..-in.-dia pellets). After 20 hr of operation the
traps contained 99.95% of the iodine passed into
them in the gas stream. That the iodine was held
more strongly by the charcoal than by the molecular
sieve was shown by the fact that the distribution
of iodine on the charcoal did not change during
the test, but the distribution on the molecular

1R. A. McNees et al, HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 147.

W. E. Browning and C. C. Bolta, Measurement and
Analysis of the Holdup of Gas Mixtures by Charcoal
Adsorption Traps, ORNL-2116 (Aug. 10, 1956).

R. A. McNees

M. H. Lloyd

sieve did change slightly. For the experiment
I was selected as typical of the iodine isotopes
resulting from uranium fission. Palladium iodide,
synthesized from I , was heated and decomposed
to generate I vapor, which was swept into the
0.5-in.-dia traps by an air stream of 7 liters/min.

Holdup tests on the HRT charcoal beds by means
of the technique reported previously were com
pleted. The results indicate that the beds should
perform adequately for the disposal of fission
gases, provided that the heating of the charcoal
in the inlet of the bed by decay of the adsorbed
fission gases does not produce a temperature
exceeding the ignition temperature of charcoal
in oxygen, about 360°C.

17.2 EQUILIBRIUM STUDIES

Equilibrium adsorption isotherms for krypton on
various inorganic adsorbents have been determined
at 2 and 28°C and are compared in Figs. 17.1
and 17.2 with HRT charcoal. Data for two different

grades of charcoal and two Linde molecular
sieves, 10X and 13X, at 2 and 28°C are shown in
Figs. 17.3 and 17.4. For comparison, isotherms
of molecular sieves 10X, 13X, 4A, and 5A, as
well as Columbia grade G activated charcoal, are
shown in Fig. 17.5. Isotherm data clearly show
that, under static equilibrium conditions, except
for charcoal the 5A material is the strongest
adsorbent for krypton, while the dynamic studies
reported in Sec 17.1 indicate that the 13X material
is best for holding up krypton in a flowing stream
of oxygen.

Activated charcoal in contact with mercury vapor
at 28°C adsorbed 0.60 mg of mercury per gram.
The krypton adsorption characteristics were not
affected by the mercury.

The adsorption isotherms for xenon on Columbia
grade G activated charcoal and Linde molecular
sieve 5A have been measured and are shown in

Fig. 17.6. Comparison of these data with similar
data for krypton at 28°C indicates that xenon is
adsorbed 11 to 12 times more strongly than krypton.

JW. D. Burch et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 23.
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18. URANYL SULFATE BLANKET PROCESSING

R. E. Leuze

J. M. Chilton

Experimental investigations during the quarter
included studies of PuO, and PuOjSO. behavior
in 1.4 m UO-SO. circulating in the P-l loop and
plutonium adsorption on metals from 1.4 mU02S04
in static bombs. Studies of the behavior of
plutonium in 1.4 m UOjSO. at 250°C were com
pleted. Five equipment and procedure-check runs
and five runs with plutonium present were made.

18.1 LOOP P-l OPERATION

A heat balance based on the electrical input to
the loop P-l canned-rotor pump showed that 61.5%
of the heat was removed by the cooling air on the
loop walls and 36.5% by the pump cooling water.
The losses through the container tank (evacuated
to less than 0.5 psia) accounted for the remaining

P. A. Haas

J. W. Snider

2% and for heat introduced by the cooling-water
circulating pump.

Corrosion rates, calculated from nickel concen
trations and oxygen consumption, were much higher
when soluble plutonium was present than when
either no additive or zirconium was present (Table
18.1).

Plutonium contamination was essentially con
fined to the loop, loop container, and glove boxes
throughout the tests. Dozens of samples were
transferred between Buildings 4501 and 3508
without release of plutonium. This transfer was
accomplished by sealing the samples inside
plastic bags on a glove-box port; the bags could
be removed without exposing the insides of the
bags or of the glove boxes to the operating-area
atmosphere.

Table 18.1. Loop P-l Corrosion Rates

Conditions: 1.4 mU02S04 at 250°C

Material Added to Loop

None

Zr(S04)2 or 2r02

Pu(S04)2

Pu02S04

Pu02S04

PuO,

Pu02S04

Pu Concentration

(mg/liter)

1.7

13-70

70 to ppt4

74*

10 to ppte

Generalized Corrosion Rate

(mpy)

1.5

1.4

18.1

23.2

22.8C

11.3

9.9

aValues listed are from nickel concentrations; oxygen consumptions gave checks within ±25%.
Sufficient plutonyl sulfate was added to increase the plutonium concentration to 342 mg/liter. Plutonium pre

cipitated at concentrations > 100 mg/liter.
cBased on oxygen consumptions; nickel analyses were erratic.
65 mg of plutonium per liter as PuO- plus 9 mg of plutonium per liter in solution.

^Sufficient plutonyl sulfate was added to increase the plutonium concentration to 580 mg/liter. Plutonium pre
cipitated at concentrations > 100 mg/liter.
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18.2 PLUTONIUM BEHAVIOR IN THE P-l LOOP

Results of four of the five runs with plutonium
present in the P-l loop are complete. The be
havior of the plutonium was essentially the same
as that of zirconium in previous runs. Practically
no plutonium was removed from the underflow pot
of the hydroclone when soluble plutonium was
hydrolyzed under these conditions, but about 20%
of injected preformed PuO, was found in the
underflow pot. Practically all the plutonium that
did not remain in solution was found on the

stainless steel walls.

18.2.1 Plutonium Distribution

When the soluble plutonium concentration was
gradually increased from 2 to 75 mg per kg of HjO,
most of it remained in solution, a small amount
was adsorbed on the walls, and practically none
was removed by the hydroclone (Table 18.2).
When the soluble plutonium concentration was
increased to 342 mg per kg of H20, most of it
was adsorbed on the walls, leaving about 100 mg
per kg of H20 in solution. Only a small amount
was removed by the hydroclone. When a single
injection of preformed Pu02 was made, 20% was
removed by the hydroclone, mostly in 2 hr. The
60% material balance in this run indicates that a

large fraction of the oxide was held up somewhere
in the loop and was not removed when the loop
was drained. Some granular corrosion products

R. E. Leuze et al, HRP Quar. Prog. Rep. Oct. 31,
1957, ORNL-2432, p 149-150.

PERIOD ENDING JANUARY 31, 1958

were found in the horizontal pipe which held the
sample coupons, adhering loosely to the metal.
This scale was found to contain 2.6% plutonium
by weight.

18.2.2 Solids Removal

Solids were removed from the loop in three ways:
from the underflow pot of the hydroclone, in the
solutions drained from the loop at the end of the
runs, and as loose granular solids from the bottom
of the sample coupon holder. The major con
stituent in the solids removed by the hydroclone
was uranium (Table 18.3). The rate of loss of
uranium from the 1.4 m UOjSO , calculated from
the average rate over approximately 300 hr of
operation, was 3% of the total per year. A sample
of the solids filtered from a drain solution was

submitted for particle-size analysis and for x-ray
diffraction analysis. Approximately 55 wt % of
the particles were between 4 and 12 y in diameter,
and most of the remainder were between 12 and

17 y. The only pattern identified positively by
x-ray diffraction was that of a-Fe20_. It appears
that the hydroclone removes primarily very small
particles, which are formed by hydrolysis of
material in the solution. The preformed PuO.
which was used was prepared in this way.

The rate of removal of preformed PuO. by the
hydroclone was very rapid at first, but decreased
to less than 1% of the original rate after about
12 hr (Fig. 18.1). The solid material removed from
the underflow pot with circulating plutonyl sulfate
(P-29) contained 188 mg of iron. The nickel

Table 18.2. Plutonium Distribution in the P-l Loop

Plutonium injected into ~ 13 liters of 1.4 mU02S04 circulating at 250°C under 350-400 psi 0.

Run

Pluton um Added C rcu ation

(hr)

Time
PI utonium

(% of P

D

u

stri

add

bution

ed)
Compound Amount (g)

Hydroclone Solution Adsorbed* Sampler

P-27 Pu(S04)2 0.0214 110 0.09 79 2.8 14

P-29 Pu02S04 1.016 180 0.04 78 0.9 18

P-30 Pu02S04 4.158 80 0.07 31 66 4.8

P-31 Pu02 0.850 36 20 35 4.1

*Calculated by multiplying the average plutonium adsorption on coupons by the loop surface area.
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Table 18.3. Chemical Analysis of Solids from P-l Loop

Amount in Solids (wt % of solid)
Location

Uranium

Underflow pot

PuO.SO. run
z 4

Pu02 run

Drain precipitate

Loose scale

87

85

43

5.3
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Fig. 18.1. Rate of Removal of PuOj by the Hydro-
clone in Run P-31. In this run, 850 mg of Pu as pre

formed PuO. was injected into 1.4 mU0jS04 circulating
at 250°C in the P-l loop.
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concentration in the solution had reached approxi
mately 800 mg/liter (a total of 10.4 g), which
would correspond to corrosion of approximately
73 g of iron. These results show that very little
of the corrosion scale reached the hydroclone and
was removed by the underflow pot.

The scale found lying in the bottom of the
horizontal pipe containing the sample coupons
was primarily corrosion products (Table 18.3).
Its granular appearance, together with the fact
that it was lying on the bottom of the pipe only,
indicates that it had fallen out of the solution,
probably because of the low velocity at this point.
The flow velocity at the widest part of this line
was calculated as slightly less than 1 fps.

18.2.3 Plutonium Solubility

In all these runs plutonium in solution was found
to be in the Pu(VI) state. Chromium was 95-100%
in the Cr(VI) state. This bears out previous
laboratory tests, which indicate that the potential
for the Cr(lll)-Cr(VI) system is approximately the
same as for the Pu(IV)-Pu(VI). One injection was
made of Pu(IV) sulfate, and a sample taken only
5 min later showed complete conversion to Pu(VI).

Under the conditions of these runs no definite

value for the solubility of Pu(VI) was obtained.
Comparison of the analytical values for the
plutonium solution with the theoretical amount that
would have been in solution, assuming no ad
sorption or precipitation, indicates that the "solu
bility" varied with the length of time after
plutonium injection (Figs. 18.2 and 18.3). In
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Dissolved Pu(VI) was injected at intervals throughout

the run.

run P-27 the starting concentration of 1.7 mg/liter
was below the precipitation concentration at
250°C; yet, because of a small amount of ad
sorption, the analytical values for the amount in
solution were consistently lower than those cal
culated from the material balance. The reason
for the high concentration of plutonium circulating
in solution early in run P-30 is not clear. This
may have been the result of pickup of plutonium
left in the loop from previous runs. The graph
indicates that plutonium removal from solution is
rapid but not instantaneous. The most likely
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figure for the equilibrium solubility of plutonium
under these conditions is 75-100 mg per kg of
H20. At higher concentrations, plutonium was
rapidly removed from solution by adsorptioh on
the stainless steel container.

18.2.4 Plutonium Adsorption on Metals

Throughout all these runs, as in the zirconium
runs, sample coupons of type 347 stainless steel,
titanium, and Zircaloy-2 were in a bypass stream
off the main loop. At the end of each run the
coupons were removed, and the plutonium adsorbed
was determined by direct alpha counting. In some
runs new coupons plus those removed from previous
runs were used in order to determine the effect

of the corrosion scale on the adsorption. All the
old coupons adsorbed approximately the same
amount of plutonium, regardless of the metal
(Table 18.4). This is probably due to the fact
that the titanium and the Zircaloy-2 were covered
with a scale of corrosion products after they were
exposed to the uranyl sulfate solution for a few
days. The adsorption behavior was quite different
in the three types of runs. In runs P-27 and P-29,
no plutonium was precipitated and very little was
adsorbed. The rate of adsorption was 4 to
7 x IO-4 ftg/cm2/hr in run P-27 and 5 x 10~3
yg/cm /\\r in run P-29. In run P-30 plutonium was
precipitated from solution, and the amount adsorbed
was extremely high, averaging about 0.3 mg/cm ;
this amounts approximately to the total quantity
of plutonium not remaining in solution. In run 31
the Pu02 adsorption on metal surfaces previously
exposed to the solution was approximately 10
times that on new surfaces. Adsorption of Pu02
on the old coupons ranged from 12 to 31 yg/cm .
The higher figure corresponds to an adsorption
of 35% of the Pu02 injected. Further runs with
the coupons used in this run gave a total ad
sorption of 1.0-1.1 mg/cm , and it can be inferred
that larger amounts would have been adsorbed if
more plutonium had been precipitated. The plu
tonium, then, would be removed by the hydroclone
only when the corrosion film leaves the wall
surfaces and is collected in the underflow pot.

In the light of the results of these runs in loop
P-l, some predictions can be made concerning
the operation of the uranyl sulfate blanket on the
HRT. There are several differences in conditions
between the two, the most important of which are
probably the presence of radiation in the blanket,
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Table 18.4. Plutonium Adsorption on Metals in the P-1 Loop

Adsorption coupons exposed to 1.4 mUO,S04 circulating at 250°C under 350—400 psi Oj

Run
Pu in Solution Exposure Time

(mg/liter) (hr) Condition of Coupon

Pu Adsorbed (yg/cm )

347 SS Titanium Zircaloy-2

P-27

P-29

P-30

P-31

2-70

70 to ppt

65c

110

180

80

36

New

Old

Old

0.071

0.042

0.935

0.019

0.040

1.03

0.039

0.048

0.992

New 294 213 365

Old 279 265 228

New 2.84 3.54 5.07

Old 20.6 20.5 30.7

a"Old" refers to coupons previously conditioned in 1.4 mU02S04 at 250 C.
In run P-30 sufficient PuO.SO. was added to increase the plutonium concentration to 342 mg/liter. Plutonium

J. 4

precipitated at concentrations >100 mg/liter.

cPreformed PuO. was added in run P-31.

the lower surface/volume ratio in the blanket, and
the slower rate of increase of the plutonium
concentration. The loop was operated under an
oxygen overpressure in the absence of radiation.
The radiation in the HRT may give a much stronger
reducing condition and hold the plutonium in the
tetravalent state, which is not soluble. The
surface/volume ratio in the HRT blanket is
approximately 25% of that in the loop, and the
likelihood is greater that hydrolyzed Pu02 would
reach the hydroclone. However, based on the
P-l loop results, if the HRT blanket is operated
for only 30 days, producing about 120 mg of Pu
per kg of H20, a negligible amount of plutonium
will be removed by the hydroclone and almost all
the plutonium will be present in solution or
adsorbed on the wall surfaces.

18.3 PLUTONIUM ADSORPTION ON METALS

IN STATIC TESTS

Static bomb tests were carried out in the labo

ratory to determine the effect of various factors
on plutonium adsorption on titanium and Zircaloy-2.
The addition of 0.54 m H2S04 to 1.4 m U02S04
decreased by a factor of 10 the adsorption from
solutions containing 2.2 or 50 mg of plutonium
per liter. Preconditioning of the sample specimens
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had no effect. Adding hydrogen to the gas over
pressure generally increased the amount of plu
tonium adsorbed, probably by holding the plutonium
in the tetravalent state (Table 18.5). The rate
of adsorption from the acidified uranyl sulfate
remained constant over a period of 242 hr but
decreased with longer exposure. From a solution
containing 50 mg of plutonium per liter, the ad
sorption apparently reached maximum values of
0.05 and 0.15 yg/cm? on the titanium and Zircaloy,
respectively. The amount of plutonium adsorbed
was determined by direct alpha counting of the
metal samples.

Table 18.5. Plutonium Adsorption on Metals

from 1.4 mUO_S04 Containing 0.54 mH-S04

Time of exposure: 16 hr at 250°C

Metal

Pu Adsorbed (peg/cm )

2.2 mg Pu/liter

02 H2 and 02

50 mg Pu/liter

02 H2 and 02

Titanium 0.0074 0.0045 0.039 0.059

Zircaloy-2 0.0077 0.0203 0.134 0.355
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19. THORIUM OXIDE SLURRY DEVELOPMENT
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19.1 SLURRY IRRADIATION STUDIES

19.1.1 Slurry Irradiations in the LITR

Short-term irradiation tests were carried out on a

silicate-stabilized thoria sol submitted by Davison
Chemical Company (LITR-36),1 a slurry of 1600°C-
fired pumped thoria in D20 (LITR-37), a slurry
of 1000°C-fired thorium-uranium oxide in D20
(LITR-38), and a slurry of Dri-film-coated thoria
in diphenyl (LITR-39).

The silicate-stabilized thoria sol containing
437 g of Th per kg of H20 was stirred in-pile for
322 hr at 200°C. The pressure increased slightly
on starting and leveled out at 500 psi above steam
pressure. The autoclave was opened after three
days' cooling, and the contents were recovered.
The sol had broken to a slow-settling slurry which
was badly discolored by stainless steel corrosion
products. In an out-of-pile control run, stirred
for 363 hr at 200°C, the slurry appearance was

similar.

The 1600°C-fired pumped thoria, dried to
constant weight at 120°C, was reslurried in D20
(^750 g of Th per kg of DJ3) and irradiated at
300°C under an oxygen overpressure. After 212 hr
of irradiation, the run was terminated by instrument
failure. The autoclave was opened after 25 days
cooling, and the slurry, which had become slightly
gray in color, was recovered. Recovery was
excel lent.

The 1000°C-fired mixed thorium-uranium oxide
was prepared by firing the coprecipitated oxalates
of thorium and natural uranium (U/Th = 0.005).
It was slurried in DjO (~750 g of Th per kg of
D20) and irradiated for 332 hr at 300°C. The
stirrer stopped after 62 hr, following a temperature
excursion to 335°C caused by instrument failure,
and could not be restarted.

'j. P. McBride et al, Chem. Tech. Monthly Prog.
Rep. Oct. 1957. ORNL-2417, p 72 (classified).

The slurry of Dri-film-coated thoria in diphenyl
was irradiated at 300°C for 133 hr. The oxide

was prepared by coating an 800°C-fired oxide
with Dri-film, washing it free of chloride, and
drying at 150°C. The stirrer stopped after approxi
mately four days' irradiation, presumably because
of a radiation-induced increase in viscosity. An
out-of-pile control experiment was operated for
more than 400 hr at 300°C without difficulty.

19.1.2 Postirradiation Examinations

Analyses of several recovered slurries showed
essentially all the fission products associated
with the solid phase, in agreement with previous
results, except for the case of the Davison sol
(Table 19.1). In this instance, the supernatant
contained almost all the fission products as well
as the protactinium. Apparently the large amounts
of silicate used to stabilize the sol prevented
adsorption on the thoria surface.

Table 19.1. Fission-Product Distribution

in Irradiated Slurries

LITR-34

LITR-36

LITR-37

slurry of 1000°C-fired ThOj
Davison sol

slurry of prepumped 1600 C-fired ThO.

Radioactive

Product

Amount in Supernatant

(% of total)

LITR-37 LITR-34 LITR-36

Gross beta 0.03 0.001 81.1

Gross gamma 0.03 0.001 81.2

Total rare earths 0.11 0.04 81.3

Si 9.1 3.3 81.2

Ru 5.9 14.2 81.4

Cs 1.8 71.4 81.7

Nb 2.3 0.62 81.2

Zr 0.22 1.9 81.2

1 0.03 81.2

Pa 0.03 0.001 81.2
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19.1.3 In-Pile Gas Production and Recombination

Further experiments were carried out in the
ORNL Graphite Reactor with slurries prepared
from the thorium-uranium oxide used in previous
tests. The oxide was refired at 900°C, and the
slurries contained 250 and 500 g of Th per kg of
H20. The refiring reduced the specific surface
area from 21.7 m2/g to 6.0 m /g. The gas pro
duction rates and equilibrium pressure showed no
significant changes as a result of the refiring,
but the data showed more scatter than those

obtained with the lower fired material.

19.2 GAS RECOMBINATION STUDIES

Studies on the effect of MoO- concentration on

the reaction of stoichiometric hydrogen-oxygen
mixtures in aqueous slurries of thorium-uranium
oxide (U/Th = 0.005) were continued. Slurries
of simple mixtures of 1600°C-fired thorium oxide
with U03-H20 and of the 1600°C-fired thorium-
uranium oxide prepared from the coprecipitated
oxalate containing Mo03 at concentrations of
0.05 m and above both gave recombination rates
far in excess of that required in a TBR blanket
(» 10 moles of H2 per hour per liter).

19.2.1 Studies with Simple Mixtures

In previous studies a concentration of 0.048 m
Mo03 in the mixed slurry at 291°C at a hydrogen
partial pressure of 500 psi gave recombination
rates (for a stoichiometric hydrogen-oxygen mixture)
of 5 moles of H2 per hour per liter for the slurry
as prepared and 17.3 moles of H2 per hour per liter
after activation with hydrogen. Increasing the
MoO, concentration to 0.06 m increased the rates
in the slurry as prepared and after activation to
12.8 and 20.8 moles of H2 per hour per liter under
the same conditions. Increasing the Mo03 con
centration to 0.072 m gave very little increase
in catalytic activity.

The simple oxide mixture for these experiments
was prepared from a 1600°C-fired thorium oxide
which had been circulated in a loop for 268 hr
at 300°C (REED loop run B5-11) and U03-H20.
After the addition of the U03-H20 and each
increase of 0.012 m in the MoO, concentration,

2J. P. McBride and N. A. Krohm, Chem. Tech. Monthly
Prog. Rep. Aug. 1957, ORNL-2400, p 59 (classified).

3J. P. McBride et al, HRP Quar. Prog. Rep. Oct. 31,
1957. ORNL-2432, p 158.

168

the slurry was heated to 280°C for 3 hr with a
small oxygen overpressure. The slurry was
activated by heating with hydrogen (250 psi at
250°C) for 2 hr at 270°C.

19.2.2 Mixed-Oxide Slurries

Study of the reaction rate of stoichiometric
hydrogen-oxygen mixtures in aqueous slurries of
1600°C-fired thorium-uranium oxide prepared from
the coprecipitated oxalates as a function of MoO,
catalyst concentration from 0.012 to 0.06 m was
completed. Reaction rates in excess of 10 moles
of H2 reacted per hour per liter of slurry at 280°C
and a partial pressure of 500 psi of hydrogen were
obtained in all the slurries as prepared and after
hydrogen activation (Table 19.2).

In this series of experiments, the Mo03 was
added in successive aliquots, each increasing
the concentration of Mo03 in the slurry by 0.012 m.
In an earlier experiment with a slurry prepared
with the same thorium-uranium oxide which was

made 0.05 molal in Mo03 by a single addition,
the reaction rate for the stoichiometric hydrogen-
oxygen mixture was 11.2 moles of H2 reacted per
hour per liter of slurry at 250°C and a partial
pressure of 500 psi of hydrogen for both the
as-prepared slurry and the hydrogen-activated
slurry. Comparison of these two experiments
indicates that the manner of catalyst addition may
influence the reaction rate.

The thorium-uranium oxide was prepared from
10°C-coprecipitated oxalates by final calcination
at 1600°C for 24 hr. The slurry was formed by
heating the oxide in water at 280°C for 3 hr under
a small overpressure of oxygen. The MoO, was
added as previously described, and the slurry
was reheated at 280°C for 3 hr under a small

oxygen overpressure after each addition.

19.3 THORIUM OXIDE PREPARATION

DEVELOPMENT

19.3.1 Laboratory Studies

The effects of the chemical and physical
variables of the batch oxalate precipitation step
on the production of sized oxide are being
evaluated. [The size and shape of thorium oxide
particles produced by the thermal decomposition
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Table 19.2. Reaction Rates of Stoichiometric Hydrogen-Oxygen Mixtures in 1600°C-Calcined
Thorium-Uranium Oxide Aqueous Slurries as a Function of the Molybdenum

Oxide Concentration

Oxalates coprecipitated at 10°C and calcined at 1600°C for 24 hr
Ratio of U to Th: 0.005

Slurry concentration: 500 g of Th per kg of H,0
Reaction temperature: 250°C
Partial pressure of hydrogen: 500 psi

MoO, Concentration

(m)

Moles of H2 Reacted per Hour per Liter of Slurry

Slurry As Prepared Hydrogen-Activated Slurry*

1

55.0

55.0

90.7

85.7

75.3

0.0

0.012

0.024

0.036

0.048

0.60

1

34.3

32.0

57.7

76.6

76.2

*Slurry heated with hydrogen (250 psi at 25°C) for 2 hr at 270°C.

of thorium oxalate are determined by the par
ticulate properties of the oxalate.4-6 Precipi
tation temperature (10 to 100°C) has been shown
to markedly affect the average particle size and
the particle shape, the smallest particles being
produced at the lowest precipitation temperature
(10°C).] Precipitation variables under investi
gation are:

1. direction of strike (direct strike: oxalic acid
solution into thorium nitrate solution; reverse
strike: thorium nitrate solution into oxalic

acid solution),
2. stirring rate,
3. reagent addition rate,
4. temperature,
5. digestion time,
6. reagent concentration,
7. final nitric acid concentration.

The particulate properties of the oxide product
of interest are:

1. average particle size,

4R. Beckett and M. E. Winfield, Australian J. of Sci.
Research A4, 644 (1951).

SV. D. Allred, S. R. Buxton, and J. P. McBride, /.
Phys. Chem. 61, 117 (1957).

6V. D. Allred and S. R. Buxton HRP Quar. Prog. Rep.
July 31, 1955, ORNL-1943, p 181 (classified).

2. uniformity (a limited size range for the bulk of
the material),

3. fraction of oversize particles (>5 y).
While the studies are not yet complete, preliminary
data are listed in Tables 19.3, 19.4, and 19.5.
For a direct strike, it appears that the average
particle size of the oxide product decreases with
decreasing precipitation temperature and increasing
reagent concentration (Tables 19.4 and 19.5), that
the more uniform oxide products are produced by
lower precipitation temperatures (Table 19.4), and
that the fraction of oversize particles decreases
with increasing stirring rate and reagent addition
rate (Table 19.3).

The reagents used in the laboratory studies were
high-purity Lindsay code 103 thorium nitrate and
cp oxalic acid solutions. The precipitations were
made in a stainless steel beaker with a Brookfield
counter-rotating mixer, model L-406, for a stirrer.
The geometry of the equipment roughly approxi
mated the large-scale pilot plant production
equipment. Most of the precipitations were made
with a direct strike, which appeared to give an
oxide product of smaller average particle size
and fewer oversize particles than the reverse
strike (Table 19.3). The oxalic acid was in
troduced under pressure into the thorium nitrate
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Table 19.3. Thorium Oxalate Precipitation: Effect of Reagent Addition Rate and Agitation

Conditions: Room temperature

1 MH2C204; 1 MTh(N03)4
Oxide product fired at 800°C

Wt % Particles in Excess of 5 y

Total H.C.04 Addition Time
(min)

For Direct Strike; Sti rri ng Rate For Reverse Strike; Stirring Rate

(arbitnjry units) * (arbi trory units)*

18 28 38 18 28 38

5 3 2.5 13 5 9.5

4.5 6 2.5 14 13 5.5

5 3 1 8 3.5 1

*Settings on Brookfield counter-rotating mixer, model L-406.

Table 19.4. Thorium Oxalate Precipitation: Effect

of Precipitation Temperature

Conditions: Direct strike

1 Al H2C204; 1 Al Th(N03)4
Stirring rate: 38 (see Table 19.3)

H.C.O. addition time: 4 min

Oxide product fired at 800 C

Precipitation Geometric Mean _ . c , ,
Geometric standard

Temperature Particle Size, d

(°C)

10

20

30

40

(ft)
' 8 Deviation, a

i

0.88 1.36

1.02 1.39

1.20 1.45

1.25 1.62

solution through a capillary tube projecting
beneath the surface of the nitrate solution, the

tube exit being directly above the agitator blades.
The thorium oxalate precipitates were filtered
immediately after the addition of the oxalic acid
(addition time 2 to 24 min) and washed with water
four times on the filter. The recovered precipitate
was dried at 150°C and decomposed to oxide by
a multistage calcination ending at 800°C.
Particle-size analyses were made by the improved
neutron activation—sedimentation technique with
sodium pyrophosphate dispersions in methyl
alcohol, water, and glycerine-water mixtures.
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Particular attention was given to determining the
fraction of oversize particles.

It is common practice to present the particle-
size distribution in the form of a plot of the
logarithm of the particle size versus the cu
mulative weight per cent undersize on a scale
based on the probability integral. If the particle-
size data follow a logarithmic probability distri
bution (as it usually does with the thorium oxide
preparations), the resulting plot is a straight
line, and the steeper the slope of the line, the
less uniform the material. The 50% size in such

a plot is the geometric mean particle diameter
d . The geometric standard deviation a is equal
to the ratio of the 84.13% size to the 50% size

(also the ratio of the 50% size to the 15.87%
size).7'8

In the experiments on the effect of agitation
(Table 19.3), it was found that the higher the rate
of acid addition and rate of stirring the lower
the percentage of oversize particles (>5 y). At
a given temperature, the slope of the particle-
distribution curve reached a minimum at a medium

speed of agitation and was not changed by an
increase in the stirring speed. The lower the
precipitation temperature, the more uniform the
particle size (low value of a ) and the smaller
the average particle size d (Table 19.4). De
creasing the concentration of the two reagents

J. M. Dal la Valle, Micromeritics, the Technology of
Fine Particles, 2d ed., p 57, Pitman, New York, 1948.

D. G. Thomas, Comparison of Various Methods of
Th00 Particle Size Determination, ORNL CF-55-12-98
(Dec' 19, 1955).



increased the average particle size but did not
affect the size distribution (Table 19.5), which
appeared to be primarily temperature-dependent.

Current studies are emphasizing the effect of
digestion time and temperature on the particulate
properties and the effect of all the precipitation
variables on localized sintering or clinker for
mation on firing at 1600°C. Preliminary results
indicate that the well-digested, more-uniform
materials form fewer clinkers and smaller oversize

fractions after high firing.
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19.3.2 Thorium Oxalate and Thorium Oxide

Slurry Concentration

Tests with a Tolhurst laboratory centrifuge in
dicated that it effectively concentrates thorium
oxalate and thorium oxide slurries (Table 19.6).
Materials used were from pilot plant preparation
LO-34, the thorium oxide being a 1600°C-fired
small-particle material (<5 y) separated by de-
cantation. The machine is now being used in the
pilot plant for interim thorium oxide production.

A continuous Sharpies Super-D-Cantor centrifuge
could not be used for concentrating thorium oxalate

Table 19.5. Thorium Oxalate Precipitation: Effect of Reagent Concentration

Conditions: Direct strike

Room temperature

Stirring rate: 38 (see Table 19.3)

H.C.O. addition time: 4 min

Oxide product fired at 800°C

Th(NO,)4 Concentration
(Al)

0.5

0.5

0.5

1.0

1.0

1.0

1.5

1.5

H-C,04 Concentration
(Al)

0.5

1.0

1.5

0.5

1.0

1.5

0.5

1.0

Geometric Mean Particle

Size, d {y)

2.77

0.92

0.67

1.85

0.82

0.76

1.98

0.92

Geometric Standard

Deviation, 0~
g

1.37

1.23

1.37

1.39

1.32

1.35

1.36

1.28

Table 19.6. Results of Batch Centrifugation Tests

Equipment: Tolhurst 12-in.-dia basket centrifuge at 2100 rpm to give 750 g

Feed Rate

(ml/min)
Feed Material

Co icentration of F

(g Th/liter)

sed Concentration of Ove

(g Th/liter)

flow
Per Cent Loss

330 Thorium oxide 4.12 0.042 1.01

500 Thorium oxide 2.26 0.013 0.57

680 Thorium oxide 2.36 0.043 1.8

1140 Thorium oxide 2.13 0.047 2.2

500 Thorium oxalate 16.2 0.085 0.53
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precipitates. The cakes formed were too fluid
for removal by the screw and built up until un
ciarified oxalate slurry came through the super
natant overflow.

19.3.3 Flame Preparation Methods

In experimental studies, the development of a
flame calcination system starting with an organic
slurry of thorium oxide has been emphasized.
Presently developed procedures and apparatus
should permit design and fabrication of a facility
to produce 100-lb lots of flame-calcined oxide
for evaluation tests. Testing of alternative
feeding and firing methods is continuing.

A feed system with a centrifugal pump and an
aspirating nozzle effectively handled a slurry of
10 g of ThOj per liter of methanol. There was
some plugging of the capillary through which the
slurry was injected into the flame; however, this
problem was solved by providing a cleaning tip
on the end of the nozzle metering rod. This tip
can be forced through the length of the capillary
when cleaning is needed. The circulating pump
will have to be carefully selected to avoid erosion
and shaft seal problems. The mechanical seal
on the /g-hp Eastern centrifugal pump used in
these tests failed after 40 hr of operation.

A collection system consisting of a cooler and
a commercial vacuum cleaner was installed and

used in the deep bay of Building 4501. Water is
contacted with the dust-bearing burner product
gases in a vertical tube for the primary purpose
of cooling these gases. Spray nozzles delivering
a conical spray were selected for this cooler to
minimize the collection of particulates in the
water. The water entering the sprays is cooled
externally and is recycled to limit the quantity
of thoria-bearing water accumulated.

Material balances showed the over-all process ef
ficiency (grams collected in vacuum cleaner/grams
fed to flame) to be about 25%. Roughly equal
amounts were found in the spray-cooler water,
the spray-tower bottom, and the vacuum cleaner.
The given process efficiency is probably a
measure of the dispersing efficiency of the pump
feeding system.

19.3.4 Thorium Oxide Classification

Two- and three-stage hydroclone systems for
classifying thorium oxide were tested with oxide
dispersed with oxalic acid in water and with
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oxide in methyl alcohol. Typical results of a
two-stage system using a methyl alcohol sus
pension of thoria (10 g of Th02 per liter) are
shown in Fig. 19.1. The underflow product had
an average particle size of 0.9 y as compared
with 1.8 y for the feed.

10.0

2.0

1.0

0.5

0.2

UNCLASSIFIED

ORNL-LR-DWG 28374

1 1 1 1 1 /
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Fig. 19.1. Classification of ThOj by Hydroclones.

19.4 THORIUM OXIDE PRODUCTION

The thorium oxide production facility was
modified to permit preparation of 750 lb/month
of nominal \-y particles, calcined to 1600°C.
Additional modifications are in progress to in
crease the capacity to 1500 lb/month.

The present procedure used for thorium oxide is:
1. precipitation of thorium oxalate at 10°C,

followed by 8 hr of digestion at 25°C;
2. filtration of the thorium oxalate followed by

three water washes to remove soluble im
purities;

3. step-calcination to 650°C to convert the
thorium oxalate to thorium oxide;

4. recalcination of the thorium oxide to 1600°C
for 4 hr;

5. classification of the 1600°C-calcined thorium
oxide by dispersion and sedimentation-de-
cantation;

6. recalcination of the classified thorium oxide

at 650°C.



Nine precipitations at 10°C (runs LO-34 through
LO-42) were completed to produce about 2500 lb
of 650°C-calcined thorium oxide; the yield through
the initial calcination averaged about 96%. About
1300 lb of 1600°C-recalcined and 180 lb of

1400°C-recalcined thorium oxide were produced
in two gas-fired furnaces; the yield through the
recalcination step averaged 89%. About 550 lb
of 1600°C-calcined and 130 lb of 1400°C-calcined

thorium oxide, classified to less than 5 y particle
size, were produced. The yield from precipitation
through the final classified product was about 50%.

19.5 HINDERED-SETTLING STUDIES

No effect of container diameter or height on the
room-temperature settling rate of 800°C-fired
thorium oxide in water at concentrations of 200,
400, and 700 g of Th per kg of H20 was dis
cernible in the ranges 0.5 to 3 in. in diameter and
3 to 12 in. in height. Thorium oxide fired to
1600°C and slurried in water at concentrations of

200 and 400 g of Th per kg of H20 was not
affected by column diameters from 0.25 to 3 in.
and heights of 2.5 to 10 in. However, with a
concentration of 700 g of Th per kg of H20 the
settling rate was higher with the smaller diameter
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tube (Table 19.7). The large range over which
the data points scattered obscured any trends
within ±30% of the average. The slurry interface
fell in a noticeably stepwise manner in the
0.25-in.-dia tube.

The 95% confidence interval, assuming random
variation of settling rates and based on the
average rate at each geometric condition, was of
the order of ±15% of the average settling rate.
In addition to this variation at each geometric
condition, the erratic variations in the average
rates over the range of conditions studied were
so great that a correlation was not possible
except with the 1600°C-fired slurries containing
700 g of Th per kg of water. Attempts to reduce
the scatter of the data by various refinements of
experimental technique were unsuccessful. In
general, the 1600°C-fired oxide gave more re
producible results than the 800°C-fired oxide.

19.6 SPECIAL PREPARATIONS

19.6.1 Cellulose Additions

The effect of the addition of cellulose in the

precipitation of thorium oxalate or thorium nitrate
on the characteristic properties of the oxide

Table 19.7. Effect of Container Diameter and Height on Room-Temperature Settling Rate

of Thorium Oxide Slurries

Slurry Concentration Column Diameter Column Hei ght Settling Rate

(g Th/kg H20) (in.) (in.) (cm/sec)

800°C-Fi red Ox de

200 0.5, 3 3-12 0.19

400 0.5, 3 3-12 0.09

700 0.5, 3

1600°C-F ired On ide

3-12 0.05

200 0.25, 3 2.5-10 0.065

400 0.25, 3 2.5-10 0.022

700 0.25 2.5 0.0045

700 0.25 5 0.012

700 0.25 10 0.025

700 3 2.5 0.0008

700 3 5 0.0027

700 3 10 0.0034
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products (from thermal decompositions) was de
termined for weight ratios of cellulose to thoria
from 1.5 to 6. For the 650°C-fired oxide products,
the surface areas were in general a factor of 2
or 3 lower than those of the oxide prepared in
the usual way, but the x-ray crystallite size was
unchanged. The average particle size was not
markedly lowered by the addition of the cellulose.
Striking decreases in the bulk densities of the
oxide products were obtained at cellulose/thoria
ratios of 4 or greater (bulk densities were 0.2
to 0.4 g/cc). Firing selected products at 1000
and 1200°C did not markedly change their bulk,
but firing at 1600°C resulted in the formation of
bricklike masses of oxide.

The thorium was precipitated by adding, with
vigorous stirring, oxalic acid or ammonium hy
droxide to a Thorex-product thorium nitrate so
lution in which the cellulose was suspended.
Whatman cellulose pulp (ground) and 40- and
200-mesh Solka-flox cellulose powder were used.

19.6.2 Nitric Acid Addition to the Thorium

Oxalate Precipitation Step

Using a rapid mixing technique, a series of
thorium oxalate precipitations was made with
0.1 M Thorex thorium nitrate product and 0.22 M
oxalic acid (15% excess) containing 1 to 8 M
excess nitric acid. An induction period for oxalate
precipitation was observed when the nitric acid
was 5 M in excess. The length of the induction
period increased with higher excess nitric acid
concentrations. Despite the delay in the pre
cipitation in the presence of concentrated acid,
tests on the supernatant indicated nearly complete
precipitation. Experiments with 0.6 M thorium
nitrate and 0.5 M oxalic acid to which 6 M and

7 M excess nitric acid were added did not show

an induction period.

19.6.3 Oxide from the Direct Calcination

of Thorium Nitrate

Thorium nitrate solution by itself and with
H2S04, H2Si03, AI(N03)3, Pb(N03)2, or Na4P207
additive was evaporated under a heat lamp and
then calcined at 600°C. Additive concentrations,

expressed as the mole ratio of added oxide to
the thorium oxide in the final product, ranged

9ln work carried out at KAPL bulky UO. and U,0-
products were obtained by this method (S. C. Firman,
private communication).
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from 0.005 to 1. The final products were all of
rather large average particle size (15 to 58 y),
and none appeared to be acceptable slurry products.
The mixed-oxide products, except those containing
the phosphate, had high specific surface areas
as compared with the pure oxide. The products
with P205/Th02 mole ratios of 0.02 and 0.05 had
specific surface areas of 0.7 and 2 m /g, which
are very low for a 650°C-fired product.

19.7 SURFACE-CHEMISTRY STUDIES
10

Gas adsorption studies with carbon dioxide on
thoria were completed, and the results will soon
be published. Adsorption isotherms indicated
that the adsorption potential for carbon dioxide
on thoria varies linearly with surface coverage.
At temperatures below 200°C two kinds of surface
sites are involved, both of which show a linear
variation in adsorption potential with surface
coverage, although the absolute adsorption po
tential of one site is much greater than that of
the other. Since the adsorption process is exo
thermic, adsorption on one of these sites above
200°C drops to such a low value that only one
site need be considered above 200°C. The shapes
of the adsorption isotherms were evaluated theo
retically, and the enthalpy of adsorption was
determined under a variety of conditions.

Studies of the rates of desorption of carbon
dioxide were also completed. The amount desorbed
varied logarithmically with time. Such a de
sorption process indicates the systematic variation
in either activation energy or adsorption potential
with surface coverage and is consistent with the
adsorption isotherms observed. The effect of
surface coverage, however, is different in the
desorption process than in the equilibrium ad
sorption, indicating that the activation energy
also varies with surface coverage. A variation
of surface potential or enthalpy of activation with
surface coverage can be explained either by
surface heterogeneities, repulsion, or surface
strain. The work of other investigators in the
field of catalysis indicates that the relief of
strain on the surface is probably the factor which
contributes predominantly to the variation in both
enthalpy of activation and adsorption potential
with surface coverage.

'°Work done by M. E. Wadsworth, University of Utah,
under subcontract.



In studies on the adsorption of sulfuric acid from
aqueous solution, it appeared that for each surface
site four hydrogen ions and two sulfate ions
disappear from the solution per surface site. This
was explained in terms of the adsorption of
hydrosulfate ion on the surface displacing two
hydroxyl groups or as an ester if ication reaction
involving neutralization of sulfuric acid with
surface hydroxyl groups. The adsorption studies
are being extended to higher temperatures.

In continued differential infrared studies it was

definitely shown that the amount of sulfate ad
sorbed can be measured directly by infrared
spectroscopy. The relation between the adsorption
determined by infrared spectroscopy and the
amount of sulfate adsorbed determined chemically
by solution depletion was linear. Tentative identi
fication of sulfate adsorbed on the surface in

dicated it to be bisulfate.

Work on the adsorption of silicate from solution
was initiated. Silicate absorbs strongly in the
infrared region, and tentative results indicate
that surface layers that have adsorbed silicates
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can be studied by infrared spectroscopy. This
work will closely parallel the sulfuric acid
adsorption studies, in that solution depletion will
be determined both by infrared and by chemical
techniques and the surface-adsorbed silicates will
be determined by infrared absorption. It is hoped
by this technique that adsorption isotherms under
a variety of conditions of temperature, concen
tration, and pH can be obtained for silicate ad
sorption.

19.8 THORIA MICROSPHERE PREPARATION11

Approximately 50 kg of thoria microspheres
classified into <3 y, 3—30 y, and 30—50 y
fractions is being prepared for evaluation. This
preparation is nearly complete. The 1000°C-fired
beads are being classified, since no acceptable
methods for classifying the wet beads have been
developed.

11 Work done by Houdry Process Corp.
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21. AQUEOUS SYSTEMS AT ELEVATED TEMPERATURES

H. F. McDuffie H. H. Stone

21.1 HOMOGENEOUS CATALYSIS OF THE

HYDROGEN-OXYGEN REACTION IN

AQUEOUS SOLUTIONS

The reaction between dissolved hydrogen (or
deuterium) and oxygen in aqueous solutions at
elevated temperatures is catalyzed homogeneously
by dissolved copper salts. Previous reports have
indicated that deuterium reacts more slowly than
hydrogen.1-3 Since the HRT is being operated
with heavy water as the fuel solvent, it was de
sirable to make recombination tests of the deuterium-

oxygen reaction in simulated reactor fuel solution.
Such tests make it possible to compare the ulti
mate performance of the reactor with its predicted
behavior.

Four test solutions (chemical compositions
given in Table 21.1) were prepared and studied.
Solutions B, C, and D were prepared in the labo
ratory from heavy water, concentrated sulfuric
acid, cupric sulfate pentahydrate, and uranyl
sulfate trihydrate. Solution S was prepared by
diluting with heavy water a concentrated enriched-
uranium stock solution supplied by the HRT oper
ations group; copper was added to this solution
from a previously analyzed 0.98 M stock solution
of cupric sulfate in light water. None of the test
solutions contained more than 0.5% light water.

]H. F. McDuffie et al, The Radiation Chemistry of
Homogeneous Reactor Systems. III. Homogeneous
Catalysis of the Hydrogen-Oxygen Reaction, ORNL
CF-54-1-122 (Jan. 26, 1954).

2C. H. Secoy et al, HRP Quar. Prog. Rep. Jan. 31,
1957, ORNL-2272, P 170-171.

3C. H. Secoy, in HRP Civilian Power Reactor Con
ference Held at Oak Ridge National Laboratory, May
1-2, 1957, TID-7540, p 170-171.

Tests were conducted at 250, 275, and 300°C;
at least two concentrations of copper were tested
at each temperature. For each combination of
temperature and copper concentration a number of
tests were made covering a range of gas-to-liquid
volume ratios in the recombination apparatus.
Figures 21.1 to 21.3 present the experimental
data as plots of \/k (the time constant for pres
sure decrease) vs the gas-to-liquid ratio. It has
already been established that the slopes of the
lines in these plots are equal to a/RTk^ . and
measure the combined effects of solution activity
and deuterium distribution between the gas and
liquid phases.1,2 Table 21.2 presents the ob
served values of these slopes, together with
additional recombination parameters derived from
the experimental data.

UNCLCSSIFIED
ORNL-LR-DWG. 27H1

Fig. 21.1. Experimental Data at 250°C.

Table 21.1. Test-Solution Compositions

Solution B Solution C Solution D Solution S

Uranium, M 0.0461 0.0461 0.0461 0.0468

Sulfate, total, M 0.0657 0.065 0.065 0.0702

Sulfate, excess, M 0.018 0.018 0.018 0.0234

Copper, M 0.00144 0.00070 0.00035 0.0010
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UNCLASSIFIED

ORNL-LR-DWG. 27112

Fig. 21.2. Experimental Data at 275°C.

UNCLASSIFIED
ORNL-LR-DWG.27113

Fig. 21.3. Experimental Data at 300°C.

The effect of copper concentration upori the
combined reaction parameter 10 &so(/a can be
seen from Fig. 21.4. Extrapolation to higher copper
concentrations of interest to reactor operation can

be made from these data. The combined parameter
appears to be very nearly proportional to the first
power of the copper concentration.

The effect of temperature is shown in Fig. 21.5,
a plot of the combined parameter, corrected for
copper concentration, vs 10 /T. The temperature
dependence of this combined parameter &so|/a[Cu]
is nearly the same as that previously observed for
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Fig. 21.4. Dependence of Combined Reaction Parame
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Fig. 21.5. Dependence of Combined Reaction Parame

ter upon Temperature.



light-water solutions (corresponding to an activation
energy of 24 kcal). The present temperature de
pendence includes both that due to the solution
activity and that due to changes in the deuterium
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distribution coefficient; the previously reported
temperature dependence was the difference between
that of the combined parameter and that reported
for the solubility of hydrogen in water.

Table 21.2. Combined Reaction Parameters

Test
Test

Solution

Copper

Concentration*

(M)

Experimental

Slope,**

a/RTk ,
sol

(hr)

Combined Reaction

Parameter,

104*,ol/a
(Af-psH-hr-l)

*sol
Temperature

(°Q
a[Cu]

(psH-hr-')

250 B 0.00127 2.492 6.37 0.502

C 0.00062 4.968 3.19 0.514

S 0.000882 3.281 4.83 0.548

275 C 0.00059 1.374 11.01 1.87

D 0.000294 2.251 6.72 2.28

S 0.000839 1.112 13.61 1.62

300 C 0.00055 0.504 28.71 5.22

D 0.000275 0.934 15.49 5.63

S 0.000787 0.418 34.62 4.40

*Corrected for change in density upon heating to test temperature.
**Slope of plot of \/k vs ratio of gas volume to liquid volume.
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22. ANALYTICAL CHEMISTRY

0. Men is

R. G. Ball D. L. Manning
C. M. Boyd R. H. Powell
H. P. House T. C. Rains

I. B. Rubin

22.1 ANALYSIS OF THORIUM OXIDE

22.1.1 Determination of Titanium

A sensitive method for the determination of

titanium in slurries of thorium oxide was required
in order to evaluate the corrosion-erosion rate of

titanium components, such as pump impellers and
wear rings, during a loop circulation test with
this type of slurry in the REED slurry blanket
test system. A spectrophotometric method, in which
the chromogenic reagent is disodium-l,2-dihydroxy-
benzene-3,5-disulfonate (Tiron), was adapted for
use in making this determination. The yellow-
colored titanium-Tiron complex is formed at a pH
of 5 in a 2 M acetate solution which contains

0.5 g of disodium ethylenediaminetetraacetate
(EDTA). In this medium, major interferences are
eliminated by complexation with EDTA. With the
exception of chromium(VI) and molybdenum(VI),
which can be removed by extraction with hexone,
other minor components of thorium oxide slurries do
not interfere. As much as 400 mg of thorium and
at least 0.5 mg of iron(III) can be tolerated in making
the absorbancy measurements with a Beckman DU
spectrophotometer at a wavelength of 380 my.
From 3 to 10 yg of titanium per gram of slurry was
determined by this method, with a coefficient of
variation of the order of 5%, on a series of samples
from the slurry blanket test system. In a specific
application, it was found that the titanium content,
as established by this method, of a slurry after the
circulation test agreed to within 10% with the actual
weight loss of the titanium components which had
been subjected to test in the loop.

22.1.2 Polarographic Determination of Uranium

A polarographic method was applied to the de
termination of microgram quantities of uranium in
samples of thorium oxide slurry which had been
withdrawn from the slurry blanket test system
during a circulation test. Perchloric acid solutions
of the slurries were analyzed polarographically,

without prior separation of the uranium, since
neither thorium nor those other impurities commonly
found in slurries interfere with the reduction wave

of uranium which occurs at a half-wave potential
(E. ._) of —0.15 v versus the saturated calomel
electrode. Hydroxylamine sulfate was added to
reduce any iron which may have been present. An
ORNL model 1763 derivative polarograph was used
in this work. From 200 to 500 ppm of uranium was
determined in slurry samples which contained 300
to 400 mg of thorium oxide per gram, with a co
efficient of variation of less than 3%,

22.1.3 Application of Gamma Counting to the
Determination of Thorium Oxide

A study is being made of the applicability of a
gamma-counting method for the determination of
thorium oxide, particularly on fractions of slurry
obtained by sedimentation methods for the measure
ment of particle-size distribution. The gamma
emission of the daughter products of natural thorium,
with energies of 0.085, 0.24, 0.58, and 2.6 Mev, is
measured by means of a well-type scintillation
counter with a thallium-activated sodium iodide

crystal. Although the ratio of emissivity at dif
ferent energy levels depends upon the extent to
which the daughters are in equilibrium with the
parent Th , this variable factor becomes un
important if a portion of the same material which
is contained in the samples under test is used
for calibration purposes.

In sedimentation tests, two samples, the settled
and the suspended fractions of oxide, must be
analyzed for thorium. If the ratio of thorium oxide
in these two fractions can be accurately determined,
it is unimportant whether the absolute amounts are
measured accurately. The gamma-counting method
is adequate for this purpose; the ratio can be
established by this means with an error of the
order of 2%. It is, furthermore, fairly rapid, re
quiring no more than one-third the time of the con
ventional spectrophotometric method.
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22.2 ANALYSIS OF URANYL SULFATE

SOLUTIONS

22.2.1 Flame-Photometric Determination of Silver

A procedure was devised for the flame-photometric
determination of microgram quantities of silver in
uranyl sulfate solutions. No separation is required
if the U/Ag weight ratio does not exceed 1000, in
which case the interference of uranium can be

corrected for by application of the Chow-Thompson
standard addition technique. For higher U/Ag
ratios or if the sample contains sodium or nickel,
which also interfere with the measurement of the

emissivity of silver at 338 my, the silver must be
separated from interfering substances. This sepa
ration is accomplished by internal electrolysis in
which silver, plus copper if it is present, is de
posited on a platinum cathode. Cadmium is used
as the anode. The silver, with the copper, is then
dissolved in nitric acid, and after volatilization of
excess acid the silver is determined flame photo
metrically. Copper at a Cu/Ag ratio of 500 can be

T. J. Chow and T. G. Thompson, Anal. Chem. 27,
18 (1955).
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tolerated. Concentrations as low as 1 yg of silver
per milliliter of solution can be estimated with a
coefficient of variation of 10%.

22.2.2 Pyrolytic Separation of Ruthenium
from Metals

The pyrolytic separation method previously re
ported for the removal of ruthenium from materials
containing salts of this element was applied success
fully to the removal of milligram* quantities of
ruthenium metal from stainless steel parts. In
this case, the addition of an oxidant, NaBiO,, to
the sample is necessary in order to effect complete
volatilization of the ruthenium. The material can,
furthermore, be pyrolyzed in a silica rather than a
nickel boat. With these modifications, the procedure
previously described has been found to be useful
for the pyrolysis of the sample and subsequent de
termination of the ruthenium, which is volatilized
as the tetroxide and collected in a suitable ab

sorbent.

20. Menis et al, HRP Quar. Prog. Rep. Oct. 31, 1957,
ORNL-2432, p 181.
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