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1.0 INTRODUCTION

This report is the fifth and final progress report issued under the
contract between The Chrysler Corporation and The Engineering Research
Institute on nuclear energy research. This report covers the period
April 2, 1957 to June 3, 1957, with prior periods being discussed in
previous reports. All experimental work was stopped as of June 3 when
notification was received the contract would be terminated as of June 30.
The period June 3 to June 30 was utilized to complete final reports and
bring property status and inventory up to date.
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2.0 SUMMARY AND CONCLUSIONS

The loop was shut down after operating 840 hours under isothermal con-
ditions at 915°F. Power failure was the cause of shutdown. An eval-
uation of the sample results from the loop molten metal indicates that
the period of operation was too short to provide quantitative informa-
tion on corrosion at these temperatures. Loop operation during this
period was generally satisfactory with the exception of operational
errors in sampling. The electromagnetic pump performance was dis-
appointing in that it pumped at only half of it's rated capacity.

Revisions in the loop sampler, pump cell and instrumentation were begun
to improve general performance. The sampler riser was removed and an
internal baffle installed to prevent recurrance of sampler operating
errors. The gap between the pump pole pieces and cell will be substan-
tially reduced for subsequent operation. Shutdown instrumentation was
changed to permit a 3 minute delay between power outage and loop dump-
ing. This would prevent any outage shorter than this period from shut-
ing down the loop and eliminate shutdowns from all brief power outages.
The sump tank was removed from the loop and a new filter installed.

A study was started on improving the gas purification system. As a
result of this study, the titanium beds in the reactors were replaced
with calcium metal. This will result in considerable improvement in
nitrogen and oxygen removal from the feed gases. Evaluation of gas
purity tests were under way at this time.

Methods were perfected for taking radiographs of the loop sections. On
the basis of these graphs, the orifice risers in the flowmeter section
were opened and cleaned after slag inclusions in the melt were shown

to exist. This cleaning made possible the first asccurate determination
of flowrates that had been made in the loop. A poor weld in front of
the orifice may be contributing to the flowrate determination difficul-
ties. No plugs or slag inclusions were found in the loop after dumping
by these techniques.

Titanium carbide coatings or graphite failed during a uranium melt test.
Failure was attributed to pin holes in the coating as these holes were
observed during porosity tests. It was shown by equilibration-analytical
techniques that TiC is stable in the presence of uranium. Future work
with this coating should be directed toward forming a thicker and more
impervious coating as this material has the necessary chemical and ther-
mal stability.

A molybdenum coating on 316 stainless steel failed upon containing molten
bismuth. Failure was apparently due to bismuth penetration of the coat-
ing. Future work should concentrate on making this coating thicker and
with more diffusion into the base metal for greater adherence.

Revisions on the vapor phase metal coating apparatus are virtually com-
plete.




The University of Michigan .« Engineering Research Institute

3.0 LOOP AND IOOP ACCESSORY STATUS

3.1 Changes in Loop Proper and Its Components

The power failure on April 26, 1957 and the resultant dumping of
the bismuth from the loop gave the project an opportunity to dis-
mantle the loop and to make a thorough inspection of the loop with
its component parts.

A complete set of radiographs were taken of the loop. The results
are discussed in detaill in the section 7 of this report.

The top flange of the sampler was removed and the sampler interior
inspected. Some black deposits were noted along the sampler wall.
These deposits were largely removed by pickling the loop interior
with a 3% HNOS, 17% HC1 solution. The black deposits were indent-

ical in appearance to the slag removed from the orifice risers.
This slag is mostly bismuth that volatilized from the melt that
was mixed with small quantities of nitrides and oxides.

The riser pipe in the sampler was cut off above the maximum practi-
cal liquid level. This was done because the bismuth rose and
gsolidified in the risers as results of operational errors as des-
cribed in section 5 of this report.

The original purpose of the riser in the sample was to insure that
the semples taken were removed from the flowing bismuth stream and
not from the stagnant metal inside the sampler. This was accom-
plished by forecing all stagnant bismuth out of the riser pipe with
inert gas pressure and lowering the sample capsule into the entrance
stream and permitting it to fill with the recirculating bismuth.

Since it was necessary to cut off the riser pipe as mentioned,
some other means had to be found to obtain samples of the flowing
bismuth such that the bismuth level could be kept at a reasonable
distance above the inlet and outlet of the sampler. A baffle
plate was installed at the inlet side of the sampler as shown in
Drawing 2505-90-1004A. It was believed that this would create
enough turbulence in the sampler that a representative sample
could be obtained.

A leak was suspected in the sump tank; so this tank was removed
from the system. A new dump line was installed between the dump
valve on the loop and the melt tank. The line was provided with a
micro-metallic filter of type 304 stainless steel with a mean pore
opening of 10 microns so that the impurities in the charged bismuth
would be retained on the filter. The original transfer line be-
tween the melt tank and sump tank was removed. This new system is
shown schematically in Drawing 2505-92-1006A.
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4.0 LOOP INSTRUMENTS AND CONTROLS SECTION

L.l Modification of Loop Instruments and Controls System

Several changes in the loop control system were required as a
result of the loop modifications undertaken following the dumping
of the loop after the power failure on April 26, 1957.

a) Removal of all equipment associated with the sump tenk
liquid level measurement.

b) Installation of a delayed automatic dump system.

c) Installation of a heater on the melt tank liquid level dip
leg.

d) Revision of thermocouples associated with the dump line and
melt tank dip legs.

e) Rearrangement of the electrical hookup of the heaters on
the dump line, flowmeter, and melt tank dip leg.

f) Revision of cell, thermal and electrical insulation on the
EM pump.

4.2 Removal of Sump Tank

The sump tank and its associated equipment was removed from the
system. Removal of the sump tenk from the loop system necessitated
removal of the liquid level measuring equipment from the loop. The
thermocouples previously assigned to this tenk were re-assigned as
listed elsewhere while the heater control system was shifte¢ to the
dump line as described in another section.

4.3 Installation of Delayed Automatic Dump System

A tabuletion of the cause, frequency and duration of power failures
caused by failure of Detroit Edison equipment was obtained from

The Detroit Edison Company. This showed that only about cne failure
per year lasted longer than 30 seconds. Based upon this information,
the decision was reached to install a 2-3 minute delay between a
power failure and the initiation of the automatic dump valve.

In the original loop control system, all of the power contactoer
holding circuits released on & power failure and would not re-
energize unless the entire startup procedure were carried out. It
was, therefore, necessary to install auxilliary contacts actuated
by the battery source in parallel with the original holding con-
tacts. These auxilliary contacts allow the loop to restart itself
in the event the power returns before the loop is dumped. The con-
tacts return to their normel open position when the loop is operat-
ing normally or after the loop is dumped.

L.k Installation of a Heater on Melt Tank Liquid Level Dip leg

Considerable difficulty was encountered in keeping the dip leg
from plugging whenever the melt tank was pressurized for trans-
ferring bismuth. The dip leg was altered to permit it to drain to
the tank and a heater and thermocouple added to prevent freezing of
bismuth in the line.
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Revision of Thermocouples

All of the thermocouples associated with the sump tank were re-
moved and relocated on the revised dump line and melt tank dip
leg.

Thermocouples were installed on the dump line as follows:

Dump Valve 2 Couples

Filter 2 Couples

Dump Line 8" above Melt Tank 2 Couples
Two thermocouples were installed on the dip leg 10 inches above
the melt tank. Drawing Number 2505-94-1021R shows the location
of all thermocouples on the revised loop.

Rearrangement of Heater Circuits

The removal of the sump tenk made 1ts heater controls available
for other service. The heater on the dump line previously asso-
ciated with the flowmeter risers and transfer line between sump
and melt tanks was, therefore, connected to the o0ld sump tank
heater controller. The flowmeter risers and melt tank dip leg
are connected in series on the transfer line circuit.

These changes should give better control of this auxilliary pip-
ing than the previous arrangement of having all lines controlled
by & single controller.

Revision of EM Pump Cell Thermal and Electrical Insulation

It was decided to substitute a sheet of 0.030 mica for the wire
mesh thermal insulation between the transformer pole pieces and
pump cell. This will also eliminate any possibility of shunting
of the cell current by the pole pieces. The thermocouples indi-
cating pump cell temperature will still be located between the
ingulation and the cell. This will narrow the air gap between
the pump pole pieces and cell appreciably and should result in
better pump efficiencies.
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5.0 LOOP OPERATION

5.2

5.1 Isothermal Operation

The EM pump begen pumping as soon as the loop was filled with
bismuth, and the loop was operated isothermally and continuously
for 834.4 hours, at a temperature of 915 Fahrenheit.

The power input to the EM pump was varied during the operation.

The voltage was kept at 90 volts for the first 70 hours, 105

volts for the next 266 hours, 125 volts for the following 240

hours and 105 volts for the rest of the time until shut-down.

The current input was kept at 2 amps, 7.5 amps, 11 amps and 7.5 amps,
respectively at the above voltages.

An attempt was made to calibrate the voltage setting of the EM
pump versus flowrate of bismuth in the loop. No represent-

ative results were obtained (see section 5.2) except at a voltage
setting of 200 volts. At 200 volts a pressure drop of 0.45 inches
of bismuth was detected by means of radiography across the flow-
meter risers as shown in Figure (2). Calculations of the theoret-
ical flowrate at a temperature of 950 Fehrenheit through the
orifice as a function of pressure drop of the bismuth in the flow-
meter as shown in Figure (1) gives a corresponding flowrate of 1.4
fps., based upon the % in. sch. 80 pipe which is the size of the
loop cold leg.

Shut-down of the loop was caused by a power failure on April.26,
1957 at 7:54 p.m., which activated the automatic dump

system and emptied the loop. It was then decided to discontinue
operations unti’ &ome corrections on the experimental system
and evaluation of loop operation could be made. The corrections
in the system are discussed in detail in this report under the
section entitled "Loop and Loop Accessory Status".

The Difficultlies encountered during Operation

During the early operation of the loop, some difficulties were
encountered with helium being trapped in the loop proper,
resulting ir irregular flow. This gas was removed by evacuating
the loop under operating conditions to a less than 30 microns of
Hg. and repressurizing to operating pressures with helium.

The two liquid level measuring probes in the sampler shorted
out due to splashing bismuth that froze between the probes

and the top flange of the sampler. The probes were removed
and cleaned. After reinstallation, one probe was placed right
at the present liquid level while the other was kept withdrawn
as much as possible and only used when accurate liquid level
measurements were required. This procedure always holds

one probe in reserve.
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FIGURE 2.

RADIOGRAPH OF ORIFICE
RISERS AFTER CLEANING
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A low rate of helium purge will be used during the future opera-
tions to minimize the amount of splashed bismuth during transfer
from melt tank to loop.

It was noted after some time of operation that the ball valve be-
tween the sampler and the stand pipe was leaking gas. The reason
for this being the effect of the heat on the valve seat and the gas
pressure below the valve. Since it is a spring loaded valve, any
pressure internally acts against the spring so outward leakage is
not surprising. The valves seat, ball and spring were replaced
once during the operation of the loop. The leak in the valve is
not harmful since the gas escaped into the sampler tube which was
sealed off from the atmosphere by an O-ring seal. This O-ring seal
was found to leak after it had been in use for a short time. The
combination of heat and pressure exerted upon the seal created
flatspots on the O-ring and thereby caused leakage. It was, there-
fore, made standard procedure to replace the old O-ring with a new
one each time a sample was taken. To avoid loss of the purified
helium blanket above the bismuth in the loop, the blanket pressure
was raised from normal running conditions of 3 in. of Hg. (gage)

to 20 psig. each time the loop was left unattended for a long period
of time such as the weekends.

As mentioned earlier, an attempt was made to calibrate the voltages
getting of the EM pump versus flowrate of the bismuth in the loop.
Radiographs which were taken of the flowmeter risers, showed that
gome slag had collected in the riser pipes, and the liquid level
could not be determined with any accuracy. The tops off the riser
pipes were, therefore, cut off and the slag was removed with an
auger, while under a continuous purge of an inert gas. When the
slag was removed, the calibrations were repeated using a conductiv-
ity probe for messuring the liquid level in the risers. This was
also done under a purge with an inert gas.

The risers were then welded close with extensions on each leg so
that the ends would be above the insulation and thereby permit
easier removal of slag in the future.

Several times during the ssmpling operations, the bismuth rose in
the riser pipe in the sampler and froze there. This rise of bis-
muth was due to operational mistekes in manipulating the controls.
Nothing to prevent this could be done except to imstruet the per-
sonnel in proper sampling procedure. After the shutdown of the
loop, the riser was cut off as described in the section of this
report entitled "Loop and Loop Accessory Status”.

Results

Samples of the bismuth were taken at frequent intervals during loop
operations. The major part of these samples and samples of the slag
removed from the flowmeter risers were submitted for anslysis to

Dr. P. J. Elving of the Department of Chemistry at The University
of Michigan. Some samples were also submitted to The Chrysler
Corporation. Analytical results of the loop samples are given in
Teble I of this report.

12
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Table T

Analytical Results of Loop and Slag Samples

Elapged Results
Sample Operating Time Zr Mg Fe Cr
No. Hours (p.p.m.) (p.p.m.) (p.p.m.) (p.p.m.) Analyst
1-1UA 138.7 158 + 6 2719 + 22 46 +2 Elving
1-IUB 138.7 164 + 6 284k + 2 17 +1 Elving
2-1U 264 .2 261 + 3 322 +12 31 +1 Elving
3-10 283.7 325 325 60 10  Chrysler
4-1U 287.1 261 + 7 340 + 39 33 +1 Elving
5-10 449.5 2u8 + 7 308 +10 16 +1 Elving
6-1U 571.6 258 + 9 321 + 1k 18 +1 Elving
7-1U - 8la.5 237 +20 276 +14 26 +1 Elving
*Special 1 262.5 1, 200 3,000 1,000 150  Elving
Special 2 262.5 = 20,000 600 600 80  Elving
Special 3 Thk.2 1, 200 600 600 1,000 Elving

*Special samples #1 and #2 are samples of slag which adhered to the
zirconium basket during Zr loading operation. Special sample #3
is a sample of slag removed from the flowmeter risers. Sample #3
was also submitted to Chrysler. No results available as yet.

An exsmination of Table I shows that the concentration of the
additives (zirconium and magnesium) in the two first samples

is fairly consistent. The concentrations were lower than the
design values, originally obtained from the Brookhaven National
Laboratory, which were: 250 ppm. for Zr and 350 ppm. for Mg.

An edditional amount of both Zr and Mg was, therefore, added
through the sampler. According to Table I, the concentration of
the additives, after the second addition, were close to the design
value and stayed fairly constant, both for Zr and Mg until the last
sample. The Chrysler analysis due to different analytical proce-
dures are not consistent with the University determined values

and were not included in the following discussion. In lieu of the
spectral asnalysis and the small amounts of Zr and Mg involved,
there is an indication that the concentration of the additives
stabilized rapidly. The running time between samples 1-LUB and
3-1U, approximately 145 hours, is indicative of the operating time
required to reach the additive stabilization point.

The analytical results show the concentration of Fe in the Bi to
be 16-46 ppm. The calculated solubility at 915°F of Fe in Bi

from Brookhaven National Laboratory data is 15 ppm. The highest

Fe analysis was from the first loop sample. Subsequent samples,
omitting the Chrysler analysis, showed much lower Fe content than
the saturation value. This is presumebly due to occluded Fe in the
molten bismuth.

13
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The slag samples showed & much higher Fe concentration than the
regular samples. Since these had to be chiselled out, and there-
fore, may be contaminated by chips from the tool used or from the
pipe wall, no importance is attached to the amalytical results from
these samples.

On future runs, it was planned to take filtered and non-filtered
loop samples. Comparison of anelytical results from these two
samples would indicate the respective quantities of occluded and
dissolved Fe in the melt. Varition of occluded Fe concentration
would indicate the quantity of Fe "floating out" in parts of the
loop such as the orifice risers and the sampler. This would serve
to give quantitive informetion on corrosion rates.

From the data available to date, no firm conclusion can be reached
regarding mass transport. It is very probable that occluded Fe
was being collected in the orifice risers. However, the rate of
corrosion or erosion could not be determined from the run data on
so short a run. A long term run correlating Fe buildup versus
running time would be required to set any reliable corrosion or
mass transport rates. '

14
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6.0 PURIFICATION OF THE INERT GASES AND HYDROGEN

6.1 Objectives
6.1.1 For the purpose of supplying the loop with an inert gas

6.1.2

blanket of very high purity, special purification equipment
based upon published data (10,11)* for high temperature
gas-metal reactions was designed and built (2)%. Originally
intended for the ultimate purification of welding grade
helium and/or argon, its use was extended to the purificea-
tion of hydrogen for the materials program and for the re-
moval cfoxides from the interior surfaces of the loop dur-
ing hydrogen firing.

Since the welding grade of helium used as the raw gas in
this work is supplied in a fairly high order of purity
(approximately 20-50 ppm), the means for detecting the
amount of residual impurities, which is not to exceed 3 ppm,
must be quite sensitive. Following the experiences gained
in the performence of similar work at Brookhaven National
Labvoratories (12)%, a highly polished surface on a small
block of reactor-grade uranium metal (Mallinckrodt) was
chosen as the purity indicator. Conducted at temperatures
in the vicinity of 1000°F, this test, though empirical, was
expected to provide the necessary sensitivity to detect the
ten to one reduction in impurity concentration regarded as
the minimum ratio. The purity test would thus serve not
only as a criterion of gas usability but as an indirect in-
dication of the leak-tight condition of the equipment as
well. No corresponding purity test was considered necessary
for the hydrogen.

6.2 Loop Supply Purification Train

6.2.1

This equipment was originally designed to provide duplicate
high-temperature reaction furnaces, each with a rated capa-
city of 20 SCFH of helium bagsed upon a gross impurity con-
tent of 200 ppm and a bed life of 3600 hours. Each furnace
carried a charge of 16 pounds of titanium sponge metal with
a measured porosity of 73% (voids/total). The design tem-
perature of the bed was 1450°F but the instrumentation was
insufficient to establish if the entire bed was maintained
at this temperature. Temperatures were falling or approxi-
mately 200°F at each end of the bed. However, at the ges
flowrates used and in consideration of the liberal safety
factor designed into the reactor, it is reasonable to assume
that a rate constant for the gas-titanium reaction somewhat
lower than that teken as the design value (2)% would not
pose any problem in the overall operation. Several batches
of helium gas were purified but the purity tests performed
on each batch were ineonclusive, as will be described in
Section 1.3.

*A11l references will be found in the appendix.

15
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6.2.2 A need for hydrogen gas of purity higher than that commer-
cially obtainable arose from the initial hydrogen firing
tests (6) preparatory to the hydrogen reduction of the
oxide films associated with the interior loop surfaces. A
further need for a high purity hydrogen had previously
developed in the plans for the reduction of the metal chlor-
ides used in the vapor plating processes simultaneously
being investigated in the materials program (5). These
two needs necessitated the commitment of one of the titanium
furnaces to the exclusive purification of hydrogen. The
hydrogen firing tests indicated that Croloy-2-1/4 and bis-
muth tests specimens became badly tarnished when allowed to
cool in an atmosphere of raw hydrogen, but remained clean
in an atmosphere of purified hydrogen. This effect is pro-
bably due to the effective removal of trace quantities of
water vapor in the titanium bed which passed through the
silica gel drier. However, the passage of hydrogen into
the heated titanium sponge presented a new problem. At the
temperature of the reaction bed (1450°F), the equilibrium
content of hydrogen in the form of titanium hydride is
approximately 38 SCF for the 16 pound titanium charge. This
equilibrium shifts to a hydride concentration corresponding
to approximately 100 SCF of hydrogen as the bed approaches
ambient temperature. Because of the extreme pyrophoric
nature of the hydride, extra care must be observed in the
handling of the bed and, in faet, a prolonged nitrogen
purge at high temperature was utilized to remove as much
hydrogen as possible prior to opening the reactor to atmos-
phere. In bringing this reactor up to operating tempera-
ture after previous runs, it is essentiael that the initial
absolute pressure be low. This is to avold overpressurizing
the system as & result of the high dissociation pressures
which are attained at the operating temperatures.

6.3 Evaluation of Gas Purity Analysis Technique

6.3.1 Various techniques have been proposed for the measurement
of very low concentrations of contaminating gases in the
inert gases (8,10,12). Following the experience of
Brookhaven National Laboratory (12), a highly polished
surface on & uranium specimen was chosen for this work. A
test section of approximetely 10 in.3 total volume consisted

of a Corning No. 8560 glass tube with a 2.5 mm wall thick-
ness and 15 mm inside diameter, suitably valved to the puri-
fied gas supply. Provisions were made for the evacuation
of the test volume and for heating the uranium specimen to
1000°F. As the initial heat-up of the polished test speci-
men progressed, undera pressure of less than 5 mlcrons
measured with a thermocouple type gage, a severe surface
tarnish appeared at 850°F. As the temperature continued to
rise, this color ranged from bronze through orange and blue-

16
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6.3.3
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black to a light blue. Upon prolonged heating under vacuum,
the light blue tint seemed to disappear but upon viewing it
directly, after cooling and removal from the:test section,

a residvual tarnish was found to be present. Repeated tests
of similar nature produced identical results. Variastions

in the procedure such as purging with helium during evacua-
tion and heating under helium did not alter the tarnish
effect. In view of the possibility of air leakage in the
vicinity of the test specimen, a more thorough investiga-
tion of the precise vacua belng obtained was made. An
ionization type gage was mounted in the line between the
vacuum diffusion pump and the test section. A reading of
0.1 micron was obtained before the heater power was turned
on. As the heat-up progressed, the pressure decreased

to 0.09 micron as the tarnish began to appear at 900°F.

The usual range of colors appeared as the temperature in-
creased to 1000°F. A rough leak check was made at this point
by closing the vacuum valve for two minutes. During this
time, the pressure reading (on the pump side of the valve)
dropped to 0.08 micron. Upon opening the valve, the pres-
sure exceeded 0.1 micron for five seconds then returned to
0.09 micron. No calculations were made to prove or dis-
prove that this might be indicative of a significant leak,
in consideration of pumping speed of the vacuum equipment,
or that it might be a matter of continued outgassing of the
unheated parts of the system. Continued heating of the spec-
imen resulted in the interesting effect that the color eycle
repeated itself about every 15 minutes. One test was per-
formed after evacuating the test section for 45 minutes with
the result that no tarnish appeared at any temperature.

In order to investigate the nature of the tarnish phenomenon
under rigidly known vacuum conditions, a second heated test
gection was assembled. This apparatus consisted of a heat-
ed and insulated pyrex glass tube which was evacuated
through connecting tubing of 1/32 unit wall tygon tubing.
After the gross leaks were located and eliminated, it wes
found that the required vacua still could not be obtained
at a measuring point in the vicinity of the located section.
Using an ionization gage, pressures of less than 0.1 micron
were obtainable at the vacuum diffusion pump, but were as
high as 25 microns at a distance of approximately 30 inches
away. Thorough testing with a helium leak detector led to
conclusions that the tygon laboratory tubing was at fault

in this system, due to one or both of the following causes:

(1) outgassing of the tygon material,

(2) diffusion of air through the tubing walls. The
large differences in vacuum between different parts
of the system cast doubt on the validity of the
vacuum readings taken during the helium purity
testing.

A new system is currently being designed to permit quanti-
tative evaluation of this general method for detecting
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trace quantities of the contaminating gases. This system
should

(1) minimize outgassing difficulties,

2) minimize potential leakage sources,

provide for more accurate measurement of specimen

temperature,

(L) provide improved optical system for more sensitive
visual detection of surface changes,

(5) provide for admitting accurately known gas samples
of very low pressure,

(6) facilitate leak detection,

(7) provide for movement of specimen within evacuated
test chamber through sliding and rotating vacuum
seals.

TN TN
w
e’

6.3.4 The surface color phenomenon seems explainable in an obvious
way from the outgassing and/or leakage standpoint. Yet it
is not definite that such concentrations as indicated by
measurement would be great enough to account for the ob-
served effects. For example, a partial pressure of one
micron of air (10-6 meter) in helium at a total pressure
of one meter (1.31 atmosphere) would be a concentration
of one part per million by volume. If the system pressure
were maintained at less than 0.1 micron at test temperature,
it seems unlikely that this very low concentration would be
significant. This assumes that the vacuum measurements
are valid. The color cycling phenomenon reported above mlght
suggest that something else is in evidence, such as the
continued release of occluded gas. The latter theory may
find substantiation in the report (Ref.) that various uranium
melts in thoroughly outgassed inert crucibles under high
vacua showed consistent tendency to form a layer of slag.
This suggests the possibility of specially purified uranium
test specimens being necessary to the successful performance
of this technique. Smithells (7) lists three distinct gas-
‘metal reactions:

(1) chemisorption, which leads to the formation of a
strongly held monolayer,

(2) physically absorbed layer of gas as a result of
Vander Waal forces,

(3) gas-metal compound formation accomplished by a
decrease in free-energy.

Further work should identify the conditions under which
any of these mechanisms are possible for the system under
discussion. In addition, the solubilities of oxygen and
nitrogen in uranium are well-known. The observed pheno-
mena may well be manifestations of transitions involving
any or all of the above processes.

18




——  The University of Michigan « Engineering Research Institute

7.0 RADIOGRAPHY

The 1.2 curie cobalt 60 source has been used to take approximately 100
radiographs thus far. The first were test exposures of a mockup of

the flowmeter risers to determine proper exposure times. A large num-
ber of exposures were made of the actual flowmeter and the entire loop
was radiographed after the bismuth was dumped. Several radiographs were
also made of some welded vessels fabricated in our shop.

Several important facts were discovered by means of radiography. The
first pictures of the flowmeter showed that the risers were at least
partially plugged with slag both above and below the bismuth surface
(Fig. 3). The tops were, therefore, cut off the risers and the slag
removed mechanically. A radiograph of the cleaned risers with a pump
setting of 200V showed a pressure drop of 0.45 inches of bismuth across
the orifice (Fig. 2), and this corresponds to a flowrate of 1.k ft./sec.
The pump, according to the General Electric Company data sheets, should
give a flowrate of 4 ft./sec. at 200V. Fig. 4 shows a possible reason
for this apparent discrepancy. The radiograph of the orifice assembly
shows that the weld upstream of the orifice which is only 2 inches from
the upstream riser has severe penetration. This weld forms a second
orifice and lowers the pressure at the upstream riser which causes s
low reading across the flowmeter. Another possibility is that the pump
is not performing at its specified rate.

The radiographs of the emptied loop show that two of the welds on the
locop have slag inclusions. Nearly all of the welds show excessive pene-
tration.

Two lead casks were used in this work. The original cask weighing 670
pounds proved to be too bulky for radiographing certain sections of the
loop during operation. A light, 25 pound cask was built to replace the
bulky cask. This cask fitted into a heavier storage cask when not in
use. An exposure factor of 50 without insulation and 60 with insula-
tion proved quite satisfactory for radiographing the sections of the
empty loop with Kodak Type AA film and two .005 in. lead screens in
front and behind the film. The exposure factor (F) is defined by the
-following equation:

F = (Exposure time, min.) (Milli-curies of source)

(Source-to-film distance, in.)2

19




FIGURE 3.
RADIOGRAPH OF ORIFICE
RISERS BEFORE CLEANING
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FIGURE 4
RADICGRAPH OF ORIFICE SECTION
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8.0 MATERTALS PROGRAM

The approach to the materials problem for molten fuel reactor applica-
tion has been given the latter three progress reports. This final
quarterly report contains e continuation to the previous periodic re-
port (October 2, 1956 - April 2, 1957).

In this report there are two phases of investigation carried on;
namely:

1) Titanium carbide coated graphite.
2) Molybdenum coated stainless steel.

Evaluation of both coatings have been completed. The following sec-
tions will describe the experimental work and results.

8.1 Titenium Carbide Coating

The last report described the testing of this coating with molten
urenium at 2300°F. Since the coating proved to be permeable, the
work since then has been directed toward determining the reason
for this defect.

An investigation of the solubility of titanium carbide in molten
uranium was conducted. Before this could be done, however, a sam-
ple of titanium carbide had to be prepared by direct combination
of titenium snd carbon. After purification, this sample was
analyzed and found to be 99.7% titanium carbide.

Solubility determinations were made by floating a 3 gr&m sample

of titanium carbide on top of molten uranium at 2400°F for 4 hours.
After cooling the melt, a small fraction of the parent uranium

was removed for analysis. The analysis showed a maximum titanium
content of 0.02%.

Assuming that equilibrium had been attained in 4 hours, one can
say that titanium carbide is practically insoluble in urenium at
these temperatures. Thermodynamic calculations serve as a rough
check of this insolubility. However, data on the free energies
of formation on TiC from two sources (T7), (13) are inconsistent,
so the data of Quill (13) must be used while that from Smithells
(7) would appear to be incorrect if the analytical data are to
be believed.

In conjunction with these solubility experiments, a method for
meking caleium oxide crucibles was developed. This consisted of
heating chemical pure calcium oxide at 1200°F for one hour to
drive off any water of hydration. The dried powder was packed in-
to a graphite crucible with a tapered mandrel. After removing
the mandrel, the crucible was fired for two hours at 3000°F. This
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8.2

8.3

resulted in a rather dense and non-porous crucible; which will
contain uranium metal at 2400°F and not volatilize at pressures
below one micron.

Three titanium carbide coated crucibles were measured for porosity
by gas diffusion. Two of these appeared to be no tighter than un-
coated graphite due to small flaws in the coating which resulted
in localized leaks. The third crucible, however, proved to be 18
times tighter than the other two.

From this work, one can say that titanium carbide is a satisfactory
coating material provided thai it be made uniform and of sufficient
thickness.

Two runs were made in the large resistance furnace using a feed
of TiCl) and §3Hg. These runs were made at crucible temperatures
of 3200 - 3MOQgF. Large crystals of TiC formed in the feed tube
and on the sides of the crucible. Leaks in the system permitted
some of the feed to escape outside the crucible. Sighting through
these vapors gave erroneous temperature readings and consequently,
the temperatures were too high for effective coating resulting in
the growth of large crystals in the feed tube and crucible. Tem-
peratures of 2900CF would avoid this difficulty.

Molybdenum Coating

The molybdenum coating on & 316 base stainless steel was thermal )
cycled fifteen times from LOOCF to 1700°F. A light blue discolora-
tion on a small part of the surface resulted, but the coating did
not dust or flake off. Next, the coating was subjected to molten
bismuth at 160°F for 26.5 hours. The coating was removed after
approximately one hour. The removed molybdenum floated on top

of the bismuth in small flakes. The parent stainless had been
wetted by the melt.

The conclusions are that molybdenum i: satisfactory as a costing
provided it can be built up to a thickness of approximately 0.020
in. and thet life might be improved by aging the coating at 2400°F
for several hours to allow the molybdenum to diffuse into the
parent material. Future runs had been outlined earlier to test
this hypothesis. ’

Metallic Materials - Induction Furnace

The rebuilt vapor plating furnace described in the quarterly
report dated April 2, 1957, has been completed and operational
checks of the various parts of the furnace begun.

The furnace and associated tubing is sufficiently vacuum tight
for plating operations however, when the high frequency power was
turned on, considerable arcing between the radiation shield and
top flange resulted. Shortening of the ceramic tubing supports
of the radiation shield by 2 inches should remedy this difficulty.

Calibration of the hydroger and chlorine rotameters was begun.
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9.0 MANPOWER EXPENDITURES

Time spent on the project for the two areas of activity is tabulated
below. An eight hour working day is assumed for each working day.

Work Dazs

Loop 128.6
Materials Program 25.0

Total 153.6

10.0 EQUIPMENT AND MATERIAL STATUS

Status of the equipment and outstanding purchase requisitions are
given in Teble II. This table covers the period of April 2, 1957 to
June 3, 1957. Previous periods were covered in other reports.
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