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METALLURGY DIVISION QUARTERLY PROGRESS REPORT
SUMMARY

PHYSICAL METALLURGY OF
REACTOR MATERIALS

In the study of thorium alloys, it has been found
that the addition of columbium and vanadium to
Ames thorium produces a slight strengthening
effect with the first small additions but that large
additions result 1n a lowering of strength with
corresponding increases in ductility.

The melting point of iodide thorium has been
measured as being 1755°C. The curve of electrical
resistivity vs. temperature for this material shows
an anomalous sharp increase at 1350°C. Expan-
sion curves do not show this discontinuity, X-ray
diffraction measurements indicate a possible allo-
tropic transformation in thorium in the temperature
range of the abrupt increase in electrical resis-
tivity., More exact measurements are being made.

Studies of a series of thorium-carbon alloys,
with carbon content up to 0.13%, indicate that
carbon does not affect the temperatures for the
start and completion of recrystallization.

ANP PROGRAM

Welding specifications have been prepared for
the joining of Inconel pipe and fittings for use
with highly corrosive mediums., A systematic de-
termination 1s being made of the behavior of the
basic welding variables associated with the cone-
arc process. The effects of arc-current magnitude
and arc-current duration on cone-arc welds are
descrlbed-
temperature brazing alloys have been investigated,
and the joint efficiency has been calculated by
comparing the tensile strength of the brazed joint
with the tensile strength of the parent metal that
has undergone the same temperature cycle as that
used in brazing.

The production of spherical particles of alloys
of uranium with nickel, vanadium, columbium, and
molybdenum 1s being studied. The methods being
investigated are suspension in refractory powder
and heating above the solidus, momentary melting
while passing through an are, and spraying from a
metallizing gun. Tests on solid phase bonding
are being made. The first group of samples has
revealed that there 1s little variation in degree of
bonding over a large temperature range.

The ITIeChGI"IICOI properhes Of hlgh-

The effect of small differences in test tempera-
ture on the stress-rupture life and creep rate of
Inconel has been studied. The creep properties of
Inconel when tested in argon and air have been
studied, and it was found that Inconel tested in
air has a much longer stress-rupture life than
Inconel tested in argon.

The emphasis in dynamic corrosion testing In
which thermal convection loops are used has
shifted from testing fulinak 14 to testing various
coolants and fuels containing zirconium fluoride.
The coolants and fuels containing zirconium fluo-
ride are not so corrosive as fulinak 14 1s to In-

conel. This 1s probably due to the more careful
preparation and handling prior to the corrosion

tests, With the zirconium fluoride fuels, the cor-
rosion in the hot leg 1s approximately 5 mils after
500 hr of operation compared with the 10- to 15-
mil depth of corrosion experienced when fulinak 14
was used.

The effect of different cleaning procedures on
the corrosive action of the fluorides on Inconel 1s
being studied. Static and modified dynamic tests
have been used to determine the effect of time,
temperature, and various additives on the cor-
rosion behavior of the fluorides. It has been found
that most of the corrosion occurs in the first 500 hr
of operation. Strange results were obtained in the
corrosion testing at extremely hlgh temperatures —
the amount of corrosion appreciably decreased.
This was probably due to the formation of a thin
film of uranium oxide on the surface of the test
capsule. Addition of the strong getters has mark-
edly decreased the corrosive action of the fluo-
rides. The most striking example was the addition
of zirconium hydride to the fulinak 14 that was
circulated in a thermal convection loop. Upon
examining the thermal convection loop after 500 hr
at 1500°F, 1t was found that the loop suffered the
least amount of attack of any thermal convection
loop run with the fluorides, the maximum depth of
attack was 0.5 mil,

Additional static and dynamic tests were run in
an attempt to find inhibitors for the mass transfer
and corrosion exhibited in the metal-hydroxide
systems, Additional tests have shown that the
mass transfer experienced n the nickel-hydroxide
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system can be stopped by using purified hydrogen
over the system.

The study of the compounds formed by the inter-
action of nickel in the hydroxides has shown the
appearance of two new compounds — NaNiO, and
LiNIO,.  These compounds, which have been
called sodium nickelate(lll} and hthium nickel-
ate(lll), have been identified by chemical analysis
for nickel and the alkali metals, by several chemi-
cal reactions, including a quantitative determi-
nation of the oxidizing power and the reaction that
gives a known trivalent nickel compound, and by
complete crystal structure analysis.

CERAMICS RESEARCH

A ceramic coating has been successfully applied
to nickel, and a nickel radiator assembly 1s being
coated for the ANP Project. Work 1s continuing on
the development of a fluoride-resistant coating. A
ceramic coating containing 30 mole % boron has
been successfully flame-sprayed on thin stainless
steel plates for use in shielding studies. Prepa-
ration of a coated plate 5 ft square by 7/8 in. thick,
for shielding tests, 1s being undertaken.

A technique for the synthesis of hafnium carbide
has been developed, and about 200 g of this ma-
terial has been prepared for test. Hardness de-
terminations of hafnium carbide indicate a Vickers
hardness value of 2910 for this material, which is
higher than the value for boron carbide. X-ray and
chemical analyses of the material have been com-
pleted. The possibility of extruding thoria shapes
for a breeder reactor i1s being evaluated. A novel
material composed of glass-bonded beryllium oxide
is proposed as a reflector moderator material, and
preliminary test data have been obtained. X-ray
photographs of thorium at 1500°C and hafnium
oxide between 1400 and 1900°C have been made
with the high-temperature x-ray camera.

A technique for preparation of a slurry from used
magnesia crucibles was developed by the Engi-
neering Department in connection with a feasibility
study of a method for reclaiming waste fissionable
material.

HRP METALLURGY

Continued assistance has been given to the
HRP. Welding and fabrication specifications for
stainless steel and pressure vessel steels are
being written. Investigations of the properties and
fabrication of titanium have continued.

FABRICATION RESEARCH

Production of enriched uranium fuel and control
rod elements for operation of the MTR was main-
tained at an all-time high. Besides completion of
the sixth and seventh reactor loadings, three new
loadings of '‘sweetened’’ elements (168 g per unit)
were fabricated according to specifications and
delivered to Arco. Work on the eleventh and twelfth
loadings 1s 90 and 60% complete, respectively.
In the process improvement effort, two new tech-
niques have been developed to increase the pro-
duction output of these reactor components.

Experimental fabrication studies have been
inihiated to modify the present MTR fuel and con-
trol rod element for improved operational perform-
ance. Experiments designed to check whether
brazing flux 1s being entrapped during fabrication
and the extent to which its presence would poison
the reactor were conducted. Analysis of a solution
resulting from dissolving a dummy aluminum as-
sembly indicated that the unit contained 1.26 g of
lithium, which would reduce Ak/k by a factor of
2.7% n the MTR lattice. A critical experiment in
the BSR on an MTR fuel assembly in the unbrazed
and the brazed condition showed the difference to
be equivalent to 30.8 g of gold, or a loss in Ak/k
of approximately 3%. '

Possible design changes in the construction of
the MTR fuel element have been analyzed in an
effort to reduce the V; -to-Vy| ratio to less than

0.60. A new active unit with 19 plates has been
successfully fabricated that has a Vi, 4-to-V,,

ratio of 0.56 compared with 0,72 for the present
fuel unit,

Several replacement fuel and control rod ele-
ments were fabricated for service in the LITR,
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PHYSICAL METALLURGY OF REACTOR MATERIALS
E. J. Boyle

ALLOY DEVELOPMENT
J. A, Milko

The investigation of thorium alloys has con-
tinued. For the probable future use of thorium In
a breeder type of reactor, 1t will be necessary that
this material possess satisfactory corrosion re-
sistance, dimensional stability, and perhaps high
strength. It seems that in order to improve the
corrosion properties of thorium, 1t must be alloyed,
preferably to obtain a solid solution type of alloy.

Recently, individual additions of columbium,
vanadium, and molybdenum have been made to
Ames thorium. These alloys were prepared by
induction melting 1n a furnace described in ORNL.
1090.(1

The cast alloy billet, approximately ]]/8 in. 1In
diameter and 5 in. long, was swaged through a
series of dies to a 5/8-m.-d|a rod. Four 3/8-|n. test
bars were usually machined from each rod. These
were then annealed in a vacuum for ]/2 hr at 750°C
and then tested in tension by conventional methods
at a strain rate of 0,05 in./min. The data thus
obtained are given in Tables 1 and 2.

Effect of Columbium on the Strength Properties
of Ames Thorium. The addition of columbium to

Ames thorium produces definite changes in the

Op E Hamby, Interim Report on Metallurgy of Tho-
rium and Thortum Alloys, ORNL-1090, Fig. 46, p. 53

strength properties of the thorium, as shown in
Table 1. The columbium additions of about 0.25%
appear to strengthen the thorium, Direct com-
parison with the effect of carbon additions cannot
be made because Ames metal with similar carbon
content was not available. It 1s believed that this
strengthening effect amounts to 8,000 to 10,000
pst in the proportional limit, yield strength, and
tensile strength. The duchility appears to be
lowered by this addition. This behavior 1s sug-
gestive of solid solution hardening.

The addition of 0.5 and up to 2% columbium
definitely lowers the strength properties of the
Ames metal, with corresponding increases in
ductility, This pattern of behavior appears to be
associated with either a deoxidation action of the
columbium or with a carbide formation. In other
alloys, columbium may function as both a strong
deoxidizer and a carbide former,

Additions of 4 and 8% columbium seem to in-
crease the strength properties over those of the
2% alloy. The ductility tends to be lowered by
these additions. This behavior 1s suggestive of a
eutectic or compound formation.

The foregoing tentative conclusions will be more
fully evaluated later. Microscopic examination and
hardness measurements may improve the under-
standing of the behavior. It may be necessary to

TABLE 1. EFFECT OF COLUMBIUM ON THE STRENGTH PROPERTIES OF AMES THORIUM

INTENDED TENSILE YIELD STRENGTH | PROPORTIONAL | ELONGATION | REDUCTION

PERCENTAGE STRENGTH AT 02% OFFSET LIMIT IN15in OF AREA

OF COLUMBIUM (psn) (ps1) (ps1) (%) (%)
000 25,200 to 41,700* 17,000 to 25,800 10,500 to 21,600 48 to 68 69 to 78
025 41,300 36,000 28,500 200 38.0
050 35,400 27,300 18,300 23.0 46 0
100 34,300 23,900 13,600 260 44 0
2.00 24,900 9,500 5,700 400 60.0
4.00 30,100 13,100 7,500 33.0 590
8 00 33,200 13,400 6,600 290 50.0

*Determined on Ames thorium billets, with various carbon contents, extruded ot 950°C from a 3-in to a 5/8~|n diameter and

annealed ot 750°C for ]é hour
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TABLE 2. EFFECT OF VANADIUM ON THE STRENGTH PROPERTIES OF AMES THORIUM

INTENDED TENSILE YIELD STRENGTH | PROPORTIONAL | ELONGATION | REDUCTION
PERCENTAGE STRENGTH AT 0 2% OFFSET LIMIT IN 1.5 in. OF AREA
OF VYANADIUM (ps1) (pst) (ps1) (%) (%)

0.00 25,200 to 41,700* 17,000 to 25,800 10,500 to 21,600 48 to 68 69 to 78
025 30,900 20,000 16,200 47 57
0.50 29,300 17,900 13,700 57 64
100 27,400 16,600 13,700 51 62
200 33,600 16,300 11,400 34 55
4.00 39,500 20,400 12,100 26 40
8 00 36,700 20,200 12,700 28 50

*Determined on Ames thorium billets, with various carbon contents, extruded at 950°C from a 3-in diameter and anneated at

750°C for ]/2 hour

use x-ray methods to determine solubility vari-
ations in the several columbium-thorium alloys.

Effect of Yanadium on the Strength Properties of
Ames Thorium. An attempt was made to evaluate
the effect of vanadium on the properties of Ames
thorium, and the results are presented in Table
2. From the data of Table 2, it 1s evident that
the addition of vanadium up to 1% tends to lower
the strength properties of thorium. Beyond this
amount, there appears to be a slight increase in
the strength properties, with a slight increase In
the ductility. Since 1t would be quite difficult to
evaluate this behavior in terms of solubility and
compound or eutectic formation without additional
study, these alloys will be studied further by
metallographic methods.

Effect of Molybdenum on the Strength Properties
of Ames Thorium. No reliable data can be pre-
sented on the effect of molybdenum on the strength
of Ames thorium. In the preparation of these alloys,
it was observed that the solution of this element
in thorium s quite difficult in the temperature
range of 1700 to 1800°C. The dilute alloys, when
cast, were unsound. The swaged rounds from such
billets were likewise unsound In certain portions,
Only one or two sound test bars were obtained from
this series of dilute alloys. For that reason, no
conclusions can be drawn as to the effect of
molybdenum.  Another attempt will be made to
obtain satisfactory alloys.

PHYSICAL PROPERTIES OF THORIUM
R. E. Adams

The electrical resistance furnace previously de-
scribed’? s being used in the studies of the
physical properties of thorium. In this furnace,
thorium rod specimens are heated by self-resist-
ance, a low-voltage, high-amperage current s
passed through the specimen. Temperature 1s
measured optically at a small hole drilled radially
at the center of the rod. The melting point, elec-
tric resistivity, and thermal expansion at high
temperatures are being studied.

Melting Point Tests. The melting point 1s meas-
ured by observing the temperature at the instant
melting occurs around the small sight hole, Melting
points of pure iron and pure nickel rods determined
by this method have ranged between 10 and 25°C
below the accepted values. Melting points of Ames
thorium rods have ranged between 1700 and 1755°C.
A single value of 1755°C has been obtained on a
rod of 1odide thorium, With thorium, 1t 1s difficult
to determine the exact instant of melting, and
further work will be done in an effort to improve
the accuracy of the melting point determinations.

Electric Resistivity of Thorium. The electric
resistivity of thorium 1s measured across a l,é-ln.
length at the center of the test specimen. When

(2R E Adams, Met Quar Prog Rep July 31, 1952,
ORNL-1366, p 10



electric resistivity 1s plotted as a function of
temperature, a sharp increase in resistivity occurs

at temperatures ranging between 1350 and 1435°C,
Figure 1 shows such a curve for 1odide thorium, n

which the average resistivity of the center l/2 n,
of the rod 1s plotted against the observed tempera-
ture at the center of the rod. Similar data have
been obtained with Ames thorium rods. The tem-
perature at which resistivity starts to increase and
the steepness of the curve at the break differ
slightly among specimens from different billets of
thorium. Further work 1s being done to study these
effects.

X-ray diffraction studies, reported in detatl in
the Ceramics Research section, indicate the possi-
bility of an allotropic transformation in thorium In
the vicinity of the temperature at which the abrupt
increase 1n electrical resistivity occurs.  The
crystal structure of thorium appears to be un-
changed at the higher temperatures, but there 1s a

large increase in the lattice parameter. These
e
DWG 17195
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ocootos

70 — el
65 /
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Fig. 1. Electrical Resistivity of lodide Thorium,
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results will be checked with more exact measure-
ments on 1odide thorium.

Thermal Expansion of Thortum. The electrical-
resistance furnace 1s also being used to study the
thermal expansion of thorium at high temperatures.
For these tests, the change in length between
marks 1 in. apart at the center of the specimen has
been measured with a micrometer microscope.
Preliminary tests indicate that the length of thorium
increases approximately linearly with temperature
between about 900 and 1600°C. Additional tests

will be made to verify these results.

RECRYSTALLIZATION
F. H. Eckert

Recrystallization experiments have been com-
pleted on thortum-carbon alloys. Four iodide tho-
rium melts with intended carbon contents of 0.05,
0.07, 0.09, and 0.11% were prepared in an inert-
atmosphere arc furnace. The resulting thorium
buttons were cold rolled approximately 40%,
homogenized at 1275°C for 12 hr in an argon atmos-
phere, and then cold-rolled 70% to 0.07-in.-thick
plates. These plates were cut into 0.4-in.-square
specimens and isothermally annealed for 1 hr at
temperatures ranging from 500 to 740°C. The
progress of recrystallization was traced by Vickers
hardness measurements and metallographic exami-
nation.

Table 3 shows the carbon, nitrogen, and oxygen
analyses for these alloys. Oxygen and nitrogen
increased with increasing carbon content, and it 1s
believed that this s due to contamination by the
master alloy, since all fabricating procedures were
identical except for greater addition of the master
alloy to the higher carbon content alloys.

Table 4 shows the annealing temperature at
which recrystallization starts and finishes for the

TABLE 3. ANALYSES OF CARBON-THORIUM ALLOYS

SAMPLE NO. CARBON NITF(!;)GEN OX(Y%G)EN
Intended % Actual %
5 013 0.134 0.06 0.05
6 0.11 0.10 0 007 0.04
7 009 0 085 0 004 0 02
8 0 07 0 049 0.001 0.01
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various carbon contents. These temperatures were  recrystallization temperature for 1odide thorium.
determined by metallographic examination. Figure  The reason for the slight rise in hardness from
2 shows the effect of carbon on the recrystal- 675 to 740°C was not definitely determined, but
lization of thorium. The addition of carbon up to it 1s thought that solid solution hardening may
0.13% apparently has no significant effect on the  have been started by the carbon in the thorium.

TABLE 4. ANNEALING TEMPERATURES AT WHICH RECRYSTALLIZATION
STARTS AND IS COMPLETED FOR YARIOUS CARBON-THORIUM ALLOYS

ANNEALING TEMPERATURE (°C)
CARBON CONTENT (%)
Recrystallization Starts Recrystallization Complete

0.134 510 1o 520 650

0101 510 to 520 650

0 085 500 to 510 650

0 049 500 to 510 650

DWG {7196

140
130

"\‘\' COLD WORKED 70%
.\\ ANNEALED 1 hr

120 b~

110

-~

3 0101%¢C

&
\ o 0135% C
L4
LJ

P
)

VICKERS DPH NUMBERS (2"3-|n OBJECTIVE, 10-kg LOAD)

~N o
¢}

A 0085%C
o0 T

0049%C
——s

70
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Fig. 2. Effect of Carbon on Recrystallization of lodide Thorium.
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joint. The average elevated-temperature tensile
strength of four Inconel test bars, which were heat-
treated at the brazing temperature for 5 min, was
23,700 psi. These data indicate that the Nicro-
brazed Inconel joints at 1500°F are often as strong
as the Inconel base metal. The diffusion of the
braze metal while the specimen 1s at the testing
temperature undoubtedly has some effect on the
joint strength at this temperature.

Since A nickel 1s relatively unattacked by molten
sodium hydroxide at 1500°F, it was thought ad-
visable to test the corroston resistance of nickel
joints brazed with several of the more promising
alloys. Figure 7 shows a joint brazed with the
60% Pd-40% Ni alloy and tested in sodium hy-
droxide for 100 hr at 1500°F. It can be noted that
no attack 1s present. Other alloys, such as the
75% Ag-20% Pd—5% Mn, shown in Figure 8, were
heavily attacked. A nickel joints brazed with the
16.5% Cr=10.0% Si1-2.5% Mn-71.0% Ni and the
16.5% Cr-10.0% $:1-73.5% Ni alloys fractured

during removal from the test capsule.

Joints of Inconel, type 316 stainless steel, and
A nickel were prepared with most of the brazing
alloys currently being investigated. High-tempera-
ture oxidation studies at 1500°F were then con-
ducted, and the amount of oxidation was determined
metal lographically. The 60% Pd—40% Ni alloy was
unattacked when in contact with the three base
metals tested. The Inconel joint i1s shown in
Fig. 9. The effect of base metal composition on
corrosion can be i1llustrated by Figs. 10 and 11.
Figure 10 shows an Inconel high-temperature
oxidation specimen brazed with 64% Ag-33%
Pd-3% Mn alloy, and Fig. 11 shows a type 316
stainless steel specimen brazed with the same
alloy. The Inconel braze 1s slightly pitted, but
the stainless steel braze 1s extremely heavily
attacked. The opposite effect appears to be the
case when the same base metals are brazed with a
16.5% Cr-10.0% S1-73.5% Ni alloy. Figure 12
shows an Inconel joint exhibiting moderate attack
on the brazing alloy, and Fig. 13 represents an
unattacked stainless steel joint. One theory that
might explain these phenomena is that the least
corrosion-resistant conshituents of the brazing
alloy may diffuse more readily into certain base
metals than into others and thereby increase the
corrosion resistance of the joint.

Because brazing operations may be proposed for
assembling fuel plates into subassemblies for
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certain types of reactors, it 1s of interest to study
the static corrosion resistance of brazed joints in
contact with sodium or lithium. Although testing
and examination are not complete, some preliminary
results have been obtained. Nicrobrazed joints on
Inconel and type 316 stainless steel are relatively
unattacked by sodium. Figure 14 shows the Inconel
joint after contact with sodium, and Fig. 15 shows
a stainless steel joint after i1t was tested in the
same medium. Shown in Fig. 16 1s a stainless steel
joint brazed with the 16.5% Cr-10.0% S1-2.5%
Mn—-71.0% Ni alloy and tested in sodium. |t can be
noted that the brazing alloy 1s attacked only very
slightly, but the cracking tendencies of this alloy
are serious. The 16.5% Cr—10.0% $1-73.5% Ni
alloy has a similar appearance under the same
testing condition,

Several copper-base brazing alloys have been
prepared for use In an investigation on the brazing
of copper to Inconel joints for operation at a service
temperature of 1500°F. Copper-beryllium, copper-
silicon, and copper-tin alloys are being studied at
present, and additions of other alloying elements
will be examined. Melting point determinations,
flowabthity tests, and tensile strength tests of
joints at room and elevated temperatures are pro-
posed for the determination of alloy suitability. .

FABRICATION
E. S. Bomar J. H. Coobs

H. Inouye

Solid Fuel Formed sn Spheres. A suggested
geometry for the fuel in the Pratt and Whitney
supercritical water reactor 1s that of spherical
particles 0.010 in. in diameter. After these parti-
cles received a 6-mil protective nickel plate, they
would be packed in beds in the reactor core, with
cooling water flowing through the interparticle
channels.

Several methods of preparation that involved the
use of both high- and low-melting-point alloys were
given a preliminary examination. Five per cent of
uranium 1n molybdenum was used for the high-
melting-point alloys, and 5% of uranium in nickel
or copper wasused for the low-melting-point alloys.
The results showed only partial success. The
methods investigated included
1. suspension in refractory powder and heating

above the solidus,
2. momentary melting while passing through a
carbon or tungsten arc,
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3. momentary melting while passing through an
atomic-hydrogen arc,
4, spraying from metallizing gun.

Suspension in Refractory The uranium-nickel
and uranium-copper alloys were swaged and drawn
to 0.010 in. in diameter, and then short segments
were cut from them. The uranium-nickel particles
were mixed with Al,O;, one sample was heated to
1450°C in hydrogen and the other was heated in
vacuum (3 p) to the same temperature. The uranium-
copper particles were spread on a refractory plate
and heated to 1100°C for 5 min in hydrogen. A
surface film formed in all three cases and prevented
spheroidization, even though a liquid phase was
present.

Momentary Melting in a Carbon or Tungsten Arc.
A rig was assembled to house two water-cooled
electrodes, and the assembly was supplied with an
argon atmosphere. Uranium-nickel alloy particles,
simtlar to those used in the first method, were
dropped through an arc struck between the elec-
trodes. Alignment proved very critical, but the
particles that passed through the arc zone did melt.
The yield was quite low, however. The particles
that passed through the carbon arc were porous,
whereas those that passed through the tungsten
arc were not.

Momentary Melting in Atomic-Hydrogen Arc Feed
material of uranium-nickel alloy, similar to that
used in the first method, was dropped through an
atomic-hydrogen arc, and a small number of es-
sentially spherical but porous particles was
formed.

Spraying from a Metallizing Gun A length of
0.057-in. dia uranium-nickel wire was fed through a
metallizing gun, and the resulting particles were
collected 1n water. As with the other methods, a
porous product resulted. Substitution of argon for
the normal air blast produced what appeared to be
a sound product, with only a superficial surface
film,

During the process of dropping segments of wire
through the tungsten arc, 1t was noted that small
particles were ejected from the electrode at current
densities high enough to melt the electrode tip.
The bulk of the particles ranged in size from 0.010
to 0.020 inch, These results were duplicated when
uranium-molybdenum electrodes were substituted
for the tungsten electrodes. The uranium-molybde-
num electrodes were prepared by pressing a mixture
of the elemental powders and sintering at 1200°C
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for 5 hr in a vacuum of 0.5 to 1 micron. The
spheroidized particles did not give a response on
exposure to an alpha counter as did the parent
electrodes and uranium-nickel particles from an
earlier spraying experiment,

Solid-Phase Bonding. Tests are being made to
determine which materials are easy to bond and
which are difficult to bond. The initial tests,
performed essentially as a screening operation,
have been completed. They were run on both sheet
stock and sintered powder compacts and were
performed by stacking wafers in a molybdenum-lined
graphite die. The laminates were hot pressed for
5 min at 3000 ps: and at temperatures of 1150,
1200, and 1250°C in an argon atmosphere. Further
tests have been run at 1150°C for 1, 10, and 30 min
to determine the effect of time on the extent of
bonding. Evaluation of these tests 1s not complete.

Examination of the first group of samples revealed
little difference 1n the degree of bonding at the
various temperatures. As was expected, con-
siderably more diffusion occurred at 1250°C, but
bonding was very little better, .

In general, the various couples may be divide
into four groups on the basis of the extent of
bonding  excellent, interface almost obliterated,
inseparable, good, interface well defined, in-
separable, farr, separated with some difficulty,
poor, only superficial bonding. The couples studied
fall into these categories in the following manner
Excellent

Nickel to Inconel

Nickel to stainless steel

Stainless steel to stainless steel

Iron to iron
Good

Nickel to 1ron

Nickel to nickel

Molybdenum to nickel foil to molybdenum
Fair

Meolybdenum to nickel

Molybdenum to Inconel °

Molybdenum to molybdenum
Poor

Molybdenum to iron

Molybdenum to stainless steel

The self-welding of the molybdenum, with or
without a nickel-foil bonding layer, was poor at
1250°C, so supplementary runs were made at 1400
and 1500°C, with results as indicated above,

For molybdenum to nickel and molybdenum to
Inconel, there was a measurable amount of diffusion



but only fair bonding, possibly because of the
formation of a third phase of poor strength at the
interface, Extensive diffusion (2 to 3 mils)occurred
between molybdenum and iron and between molybde-
num and stainless steel, but there was even less
bonding than was found between molybdenum and
nickel or between molybdenum and Inconel.

Further work with the use of electrodeposited
chromium as a bonding layer 1s being done on the
bonding of molybdenum to the other metals,
Chromium 1s reported to be completely miscible
with molybdenum and may be more compatible with
the other materials.

Several small fuel assemblies have been pre-
pared by using the electroformed nickel screen,
filling with mixtures of UO, and stainless steel
powder, and pressing rubberstatically. This step
is followed by cladding both sides with iron or
nickel sheet and hot pressing at 1250°C. The
os:semblnes are now being examined for fuel dis-
tribution and bond integrity.

MECHANICAL TESTING

R. B. Oliver J. W. Woods
D. A. Douglas K. W. Reber

Uranium. Creep tests at 500°C in vacuum have
been completed on beta-treated uranium (80 sec at
730°C, water quenched) at stresses of 5500, 4500,
4000, and 3500 psi. Tests are being made at the
following stresses 2500, 2250, 2000, and 1500
pst.

When the tests now being made are completed, a
design curve for the beta-treated uranium can be
constructed, and the testing phase of the creep-of-
uranium program will be completed. Thus far, the
data indicate that the beta treatment and its
accompanying Increase in grain size increase the
rupture life by a factor of about 3, and the creep
rate is reduced to less than one-third the rate for
the same material rolled at 600°C,

Thorium. During the past year, Ames thorium
with a nominal carbon content of 0.040% and
extruded at about 35 ft/min has been tested in
vacuum at 300°C. The stress levels studied ranged
from 16,000 up to about 22,000 psi, which 1s
nominally the ultimate tensile strength. Atstresses
less than 16,000 psi, the creep rates became
vanishingly small. One undesirable characteristic
was noted the initial extension, which was as
high as 5% at 16,000 psi, was excessive.
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The amount and type of prior deformation are
thought to be major factors influencing the magni-
tude of the initial extension. This was indicated
by testing a bar that had been previously strained
5% 1n tension at room temperature. This treatment
reduced the initial extension to about one half
that observed for an unstrained bar. To explore
this field further, two extrusions were made from a
billet chemically similar to the billet previously
used. The extrusions were at rates of 2.32 and
588 ft/min, respectively,

Specimens from these two extrusions are now
being tested. The early data indicate that the
slowly extruded bar has a greatly increased tensile
strength at 300°C and a decreased imitial exten-
sion. The very rapidly extruded (588 ft/min) bar
shows a greatly reduced tensile strength at tem-
perature, and the imtial elongation 1s lower than
that observed for the extrusions made at 2.32 and
32 ft/min, It 1s thought that these comparative
values can be correlated with the textures de-
veloped at the different extrusion rates.

Type 316 Stainless Steel. Eight tests of sheet
specimens (0.063 in.) of type 316 stainless steel
in fulinak 14 at 815°C have been completed. The
tests were conducted at 7300, 6800, 6300, and
5800 psi for correlation with specimens (from the
same sheet of material) that were previously tested
in argon at these stresses. Comparison of the data
obtained in these two mediums indicates that at
7300 psi the creep-rupture properties are similar.
At the lower stresses the rupture life and the
ductility are substantially reduced by the presence
of the corrosive molten fluoride mixture., Tests
are to be made at stresses above 7300 psi and
below 5800 psi to further extend the comparison of
the properties of the metal in the two mediums.

The results of tests made in this Laboratory in
argon atmospheres have been compared with the
published results of tests conducted in air by
other laboratories. At stresses above 7000 psi,
the rupture life in the two atmospheres 1s the same,
within the limits of experimental accuracy. At
stresses below 7000 psi, the rupture life in argon
appears to be slightly shorter than that observed
in air, although the difference 1s too small to be
conclusive without detailed analysis.

Inconel. One Inconel chamber for stress-rupture
testing of Inconel 1n a liquid environment has been
completed and calibrated.  This chamber will
immediately be charged with fuzrna 27 (chemical
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composition 72.5% ZrF ,~16.5% NaF-11% UF , by
weight) to evaluate the creep-rupture properties of
Inconel at 815°C in this environment. Materials
have been ordered for converting the remaining six
available testing units to Inconel chambers.

At stresses less than 5000 psi at 815°C, the
rupture life of sheet (0.063 in.) Inconel 1s shorter
than that observed for similar tests conducted in
air.  Two tests conducted in an atmosphere of
hydrogen have had a rupture life much shorter than
that observed in argon (Table 5).

Metallographic examination of the one Inconel
specimen that ruptured during test in a hydrogen
atmosphere shows that the specimen exhibits much
more profuse intergranular cracking than previously
noticed in spectmens tested in argon.

Tensile Testing. The furnace, chamber, and
extensometer for tensile testing at elevated tem-
peratures 1n vacuum or controlled atmospheres have
been completed. The calibration of this system 1s
being delayed by the service testing for other
groups. The variables being studied include vary-
ing spring loading by the bellows, loading by the
bellows owing to departures from ambient pressure,
and friction 1n the furnace support system,

TABLE 5. COMPARISON OF RUPTURE LIFE
OF INCONEL TESTED AT 815°C IN
AIR, ARGON, AND HYDROGEN

STRESS RUPTURE LIFE (hr)
(ps1) In Hydrogen In Argon In Arr
3500 265 726 Over 2,500
2500 400 1400 10,000
(est) (extrap )

DYNAMIC CORROSION
G. M, Adamson

The joint dynamic corrosion program of the
Metallurgy Division and the ANP Experimental
Engineering Section has continued. This dynamic
corrosion work 1s still being carried out in large
thermal convection loops. Results of the experi-
ments with Inconel loops are tabulated 1n Table 6.

Considerable effort has been exerted to find an
inhibitor for use with the fluorides. Zirconium
hydride has produced very optimistic results with
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fulinak 14 but only fair results with fuzma 27.
NaK has given a slight improvement to both fuels
but not enough to be useful. One of the loop
problems 1s to remove oxide scale from the inside
of the pipes. Circulating NaK and dry hydrogen
have proved unsuccessful for this task. Another
series of samples has been drilled from the inner
pipe walls of the loops. These samples confirm
the previous results that the leaching of chromium
1s the only major change with either fulinak 14 or
fuzrna 27. The metallic ingredients of the fuel
were found to a depth of 20 mils with fulinak 14
and 6 mils with fuzma 27. This seems to indicate
that some of the holes do connect to the surface.
Another type 316 stainless steel loop was operated
for 500 hr with fulinak 14, This was accomplished
by keeping the minimum temperature above 1500°F.

A series of loops has been operated 1n an attempt
to circulate lead. The most important variable now
seems to be the cleaning procedure used on the
loops. A type 430 stainless steel loop circulated
only ]61/2 hr, but a type 410 stainless steel loop
that had been more thoroughly cleaned circulated
351 hours. One Inconel loop would not circulate
at all, and another circulated only 2Y% hours. All
the plugs were located at the bottom of the cold
leg.

Inhibitors. In the static corrosion studies,
various materials are being investigated as possi-
ble inhibitors for use with molten fluorides. The
most likely materials found in these tests will be
tested in the thermal loops. One
material that appeared worth trying was zirconium
metal, however, its great affinity for the various
gases and the difficulties in obtaining adequate
mixing would make 1t difficult to add zirconium
metal to a loop either before or after heating.

convection

Zirconium hydride was tried instead, since 1t
decomposes slightly below operating temperatures
and 1s stable at lower temperatures  Another ad-
vantage of the hydride 1s that during i1ts decom-
posttion, nascent hydrogen 1s liberated, which may
also have a beneficial effect.

Two Inconel loops, 225 and 242, have been
operated at 1500°F with a 1/2% zirconium hydride
addition to fulinak 14. The maximum penetration
found was only 0.5 mil in the first loop and 1 mil
in the second. This 1s the smallest amount of
attack yet found in a loop circulating fluorides.
Figure 17 1s a hot leg section of loop 242, A
material not yet identified was present in some of
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TABLE 6 RESULTS OF EXPERIMENTS WITH INCONEL LOOPS OPERATED AT A HOT LEG TEMPERATURE OF 1500°F

TIME OF
LoOP CLEANING REASON FOR METALLOGRAPHIC NOTES
NO PROCEDURE COOLANT CIRCL(Jer)ATION TERMINATION Hor Log Cold Leg CHEMICAL NOTES
224 Degreasing Fulirck 14 plus 500 Scheduled Intergranular pitting up to 10 mils Thin surface layer with some adhering Cr increased only slightly, Fe
NaK nonmetallic particles decreased
230 Hydrogen Fnazrk 24 500 Scheduled Light intergranular pitting, average 4 mils, | No deposited layer Cr increased slightly, Fe
maximum 7 mils, grains not outlined decreased, others varied
26 Hydrogen Funazrk 26 500 Scheduled Widely scattered intergranular pitting, Both metallic and nonmetallic deposits Cr increased, Fe and Ni de
average 7 mils, maximum 10 mils creased, others varied
229 Degreasing Not treated, 500 Scheduled Moderate to heavy intergranular pitting, up Thin deposit, at least partly nonmetallic Large increase in Cr, Fe de
fulinak 14 to 18 mils, average 8 mils creased, small decrease in
Uand F
227'®) Degreasing Fulinak 14 500 Scheduled Moderate to heavy pitting, 6 to 16 mils, Very thin metallic layer Cr increased, Fe decreased,
mainly intergranular attack U quite uniform
234 Degreasing Fuzrna 27 480 Power Light, scattered intergranular pitting, up Both metallic and nonmetallic crystals on Cr increased, large decrease
failure to 5 mils, average 2 mils, dirty Inconel the walls in Fe and Ni, increase 1n U
used
236 Hydrogen Fuzrna 27 462 Power Moderate intergranulor pitting, average Both metallic and nonmetallic particles Cr increased, Fe and Ni
farlure 8 mils, maxsmum 10 mils, some pits in on wall decreased, U increased
grains
225 Degreasing Fulinck 14 plus 500 Scheduled Very little attock, surface rough, few pits, Metallic layer, 0 2 mil, layer quite adherent | Cr, Fe, Ni, and U decreased
l/2% ZrH, 05 mil, possibly some attached crystals,
precipitate formed in crystal boundaries
231 NaK Fuzrna 27 500 Scheduled Moderate general pitting, up to 9 mils Both metallic and nonmetallic particles Cr increased, Fe, Ni, and U
depasited on wall decreased
237 Na Fuzrna 30 500 Scheduled Typical Inconel pitting, maximum pene- Rough surface with nonmetallic and Cr increased, U, Zr, Fe, ond
tration 7 mils, average 5 mils probably metallic crystals adhering Ni decreased
238 NaK Fulinak 14 500 Scheduled Moderate general and intergranular attack, Thin nonmetallic layer Fe and U decreased, Cr in-
maximum 12 mils, average 7 mils creased slightly
223t NeaK Fulinak 14 500 Scheduled Typical Inconel attack, 8 to 10 muls, depth | Thin nonmetallic deposit Fe and U decreased, Cr in
slightly deeper in crevice, but double creased
amount found
241 NaK Fuzrna 27 plus 500 Scheduled Light pitting and intergranulear attack, Metallic deposit and needlelike metallic Zr and Fe decreased, U, Cr,
10 cm? of NoK maximum 4 mils, average 15 mils crystals and Ni varied
235 NaK Fulinak 14 plus 455 Power Typical Inconel attack, more grain Thin layer that penetrates into irregu Added Cr still in top pot, Fe
]/2% Cr failure boundary preference, maximum 13 mils, larities, seems to be nonmetallic and U slightly decreased
average 8 mils
240(<) Degreasing Fulinak 14 500 Scheduled Moderate attock, up to 11 mils, sample Thin surface deposit
only attacked 3 mils
239¢d) Degreasing Fuzrna 27 500 Scheduled Moderate to heavy attack, 9 to 17 miis, Light, spatty depasit with some metallic
sample only attacked | mil crystals
243 Degreasing Fuzrna 27 plus 500 Scheduled Widely scattered attack, 1 to 4 mils Very thin surface deposit and deposits of
l/2% ZrH, crystals
242 Degreasing Fulingk 14 plus 500 Scheduled Widely scattered attack, 1 mil, occasional Metallic layer with nonmetallic particles
&2% ZrH, deposits in some grain boundaries occluded
244 Degreosing Fuzrna 27 500 Scheduled
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tion was necessary to keep the material circulating.
After 24 hr, the loop appeared to be almost com-
pletely plugged, but after agitation, the cold leg
temperature suddenly rose to above 250°F, and
normal circulation began. This seems to indicate
that when the fuzrna 27 first contacted the NaK, a
crystal mass was formed. This mass was washed
into the loop and became lodged at the bottom of
the cold leg. It gradually dissolved or disintegrated
until 1t suddenly broke up and circulation became
normal.

Since chromium is the material being leached
from the hot leg, the addition of chromium to the
fuel could possibly slow down the reaction. It
would be necessary to keep the chromium concen-
tration low enough to prevent saturation and depo-
sition in the cold leg but high enough to reduce the
rate of solution in the hot leg. The solubility of
chromium 1n the fluorides has not yet been de-
A loop was operated with a chromium
addition, but the results are inconclusive since
the chromium did not mix into the loop 1tself.
Chromium powder (—325 mesh) equivalent to ]/2% of
the fluorides was placed in the top pot and fulinak
14 added to 1t. The maximum hot leg attack was
13 mils, which 1s a normal figure. The analysis
of the fluorides showed a chromium concentration
in the various loop sections that was even lower
The fluortdes in the expansion pot
were also analyzed, and over 5% chromium was
present There was a thin ring around the ‘‘water
line'’ of the pot that was found, by spectrographic
means, to be primarily chromium The reason for
the chromium not mixing into the loop has not been
determined.

Loop Cleaning. The standard loops have been
cleaned only by degreasing with a solvent de-
It was realized that oxide layers were

termined.

than normal.

greaser.
not removed by such a procedure, but the oxide
was felt to be more desirable than the variables
introduced by pickling. Heating in a dynamic dry-
hydrogen atmosphere seemed to be a possible
method for reducing the oxides without attacking
the metal. This operation was used on several
Inconel loops in which various fluoride fuels were
later circulated. When these loops were compared
with similar loops that were degreased, the attack,
as shown by the number of holes, was reduced
However, the attack that was present was con-
centrated in a few boundaries and actually extended
to a greater depth. In cleaning with dry hydrogen,
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temperatures In excess of 1850°F are necessary In
some sections to provide a minimum temperature of
1750°F, These high temperatures cause grain
growth and, possibly, concentration of impurities in
the gram boundaries. The boundaries are then
preferentially attacked.

Since hydrogen firing did reduce the amount of
attack, another method of removing the oxide with-
out causing grain growth seemed likely to give the
desired results. In static corrosion studies it was
found that NaK at 1500°F would remove weld scale
from Inconel. Therefore several Inconel loops
were cleaned by heating the hot leg to 1600°F,
the cold l2g to 1500°F, and circulating NaK for
4 hours. The NaK was drained while the loop was
still hot. Before being operated, the loops were
reheated and evacuated. Loops were run with
No. 27 and No. 14 fuels and with lead. In every
case the attack was as deep as that found in a
degreased loop. It seems likely that when the NaK
was drained, sodium or potassium oxides were
left behind in the cold spots. In an Inconel loop In
which lead was circulated, the loop was washed
with water after being cleaned with NaK. The
exit water was very basic and contained con-
siderable caustic and confirmed the presence of
the sodium and potassium. Even though NaK 1s
not successful as a cleaner in a thermal loop,
it may be useful as a cleaner in a forced-circulation
loop 1n which a filter may be used to remove the
oxides.

Crevice Corrosion. Crevice corrosion is one
pessimistic aspect that must be investigated
further. In an Inconel pump loop operated with
flinak 12 by the Experimental Engineering Section
and turned over to Metallurgy Division for examina-
tion, very hittle attack was found in the regular
loop. However, increased attack was found in
two different types of crevices. One type of
crevice resulted from sleeves |oining pipe sections
and the other from a thermocouple well, This loop
had operated for about 1000 hr at 1250°F and lower
and for 100 hr at 1500°F,

The crevice corrosion effect was then checked by
examining the welds in the tops of several loops.
The penetration of weld metal was not complete,
and by choosing the proper field, crevices could
be found. In Table 7, the attack found in the
crevices 1s compared with the attack on the walls
directly opposite. Figure 18 shows a section
through a joint of Inconel loop 219.
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mils deep, was shown on the pipe, whereas normal
attack, up to 6 mils, was found in the crevice.
This loop showed only a slight increase in depth
of attack in the crevices but a considerable in-
crease 1n amount.

Change 1n Wall Andlysis. Additional drillings
have been made from the inside of the loop walls,
and steps were taken to assure that the pipes were
not deformed during the drilling. The chemical
analyses of these samples are given in Table 8.
Loop 229 is an Inconel loop in which fulinak 14
was circulated under standard conditions. A maxi-
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mum attack of 18 mils and an average of 8 mils
were found in the hot leg. A thin deposit was
observed in the cold leg. The change of analysis
with depth from the surface follows the same
general pattern as that obtained for the loops dis-
cussed in the previous report, The chromium
concentration of the surface was less than before,
but the nickel concentration increased slightly.
The Fe-to-Ni ratio remained constant from 6 mils
down, which showed that the changes in nickel are
in only the surface layers. The chromium, as
before, was leached to a considerable depth,

TABLE 8. ANALYSES OF LOOP WALLS

DEPTH OF COMPOSITION (%)

CUT (mils) Fe N Cr Fe/Ni NaF* KF* ZrF“"r L.F* Other** Total

Loop 229, Hot Leg
3 673 817 819 0 083 026 074 0 81 134 99 77
6 683 809 938 0 085 026 044 041 119 99 41
10 6 99 797 111 0 088 014 030 027 123 9973
15 698 781 131 0 089 01 015 022 1 40 100 16
20 6 85 77 8 14 2 0 088 0 07 012 016 142 100 62
25 6 9 76 8 15 4 0 090 147 100 58
30 6 87 76 4 156 0 089 166 100 53
External 6 90 76 5 16 0 0 090 136 100 76

Loop 229, Cold Leg
3 8 46 738 16 6 0114 145 100 31
6 815 74 6 16 5 0110 164 100 89
10 7 82 74 4 167 0 105 175 100 67
15 7 63 74 5 16 6 0102 179 100 52
20 772 74 4 16 5 0 104 1.64 100.26
Externcl 7.62 74 6 16 7 0102 165 100 57

Loop 236, Hot Leg
3 17 74 8 103 0156 014 092 161 99 47
6 9 44 74 6 137 0126 004 055 149 99 82
10 9 02 74 8 148 0121 175 100 37
15 770 74 4 165 0103 156 100 16
20 770 74 1 16 6 0104 143 99 83

25 7 63 74 3 16 5 0102 156 99 99

30 7 68 74 2 16 6 0103 156 100 04
External 7 68 74 6 16 6 0103 135 100 23

* Values calculated from spectrographic analysis of the metals, by assuming that they were present as fluorides

**Total of Ca, Cu, S1, Al, Mg, Mn, and T from spectrographic analysis
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since even in the 25 to 30 mil cut, the chromium
concentration was not so much as at the surface.
One difference in these analyses s that the
metallic ingredients in the fuel (sodium, potassium,
and lithium) were found, spectrographically, only
to a depth of 20 mils. In previous samples they
were still present at 30 mils. Since the pipes are
not perfectly round after operation and the original
samples were deformed in drilling, the dimensions
are only approximate. The deformation during
dritling may account for the apparent depth of the
fuel in the orniginal test, Although most of the
holes do not connect to the surface, some of them
must connect to allow the fuel to be present at
20 mils. In the cold leg of this loop no base
metals were found at any level. The chromium
and nickel concentrations remained unchanged, but
the iron in the surface layer had been increased by
1%. However, the iron content gradually decreased

to a normal value at a depth of 10 mils.
For comparison, the hot leg of Inconel loop 236

was drilled. The fuzrna 27 that had been circulated
in this loop produced a hot leg attack that averaged
8 mils, with a maximum of 10 mils, The chromium
concentration was reduced, but not so much as in
loop 229, and returned to normal at 10 mils. The
iron concentration of the surface increased con-
siderably but was normal at 10 mils. The iron
impurity in the original fuel was much higher than
normal, so this increase 1n 1ron may not be a
normal occurrence. The nickelremained essentially
unchanged. The metallic constituents of the fuel
(sodium and zirconium) extended only to a depth
of 6 mils.

Miscellaneous Loops. A type 316 stainless
steel loop has operated 500 hr, circulating fulinak
14, with no sign of plugging. This loop operated
with a minimum cold leg temperature of 1510°F
and a corresponding hot leg temperature of 1630°F
and 1s only the second stainless steel loop to
circulate fluorides for 500 hours. This and the
other loop operated under similar conditions. The
first successful loop, 123, has been examined, and
intergranular attack of 13 mils was measured n
the hot leg. A metallic layer 1 mil thick (much
thicker than usual) was found in the cold leg. The
temperatures tn the second loop were turned back
to normal (1500°F) at 500 hr, and the loop has
circulated for an additional 100 hours. Plugging
now seems to be gradually taking place.

The lzett iron loop, which had been cleaned with
dry hydrogen, plugged in 46 hr with fulinak 14 at
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1500°F. The inside surface of the hot leg was
very rough, and considerable reduction in wall
thickness had taken place. A heavy metallic
deposit in the form of large metallic crystals with
some nonmetallic particles embedded in them was
found in the cold leg.

Self-insulating Properties of Fluorides.  An
Inconel loop was filled with fulinak 14 and allowed
to circulate in a normal manner at 1500°F, After
normal circulation was established, two helium
jets, each of which delivered over 1000 cfh, were
directed against an area at the top of the cold
leg. They did not cause plugging 1n 18 hours. The
cold leg temperatures dropped imitially, but the
power was gradually increased and the tempera-
tures returned almost to normal. The helium |ets
were then replaced by air jets with 80-psi pressure
from ]/4-m. tubing. In the area where the air strikes
the loop, a black spot about 6 in. long 1s present,
but loop operation is unaffected. This loop has
now circulated over 1000 hr with the air jets In
place, and apparently there has been no plugging.

Dynamic Testing of Lead. Work on the problem
of circulating lead has been resumed this quarter.
Loops identical to those being used with the
fluorides are being employed in this work. The
lead used in the tests 1s chemical lead, which has
been further purified by bubbling hydrogen through
it

Lead was first circulated in two Inconel loops.
The first loop, which had been cleaned with NaK
(cf., section on ‘Loop Cleaning’’), would not
circulate lead at all. The second loop was rinsed
with water before being evacuated and then cleaned
with NaK. The wash water leaving the loop con-
tained considerable caustic. This loop circulated
only 21/2 hours. The lowest cold leg temperature,
recorded |ust before complete plugging took place,
was 1170°F. The cold leg was heated with the
resistance heater to over 1350°F, but circulation
could not be restarted. The lead was drained
from both loops, and plugs were found in the lower
portions of the cold legs. These plugs would not
melt at 1575°F. Besides the plugs, a mass re-
sembling a vine and occupying about one-fourth the
volume was found wound around the inside of the
cold leg in each loop. These masses held their
shape where they turned into the hot legs. Analy-
ses of these masses show them to be high n
nickel and lead, however, the x-ray diffraction
lines do not fit those from any material in the
system



A type 430 stainless steel loop was rinsed with
cold nitric acid, washed with water, and then
evacuated while hot. This loop circulated lead
for 16.5 hours. The two cleaning methods were
then combined and used on a type 410 stainless
steel loop. This loop was cleaned with NaK,
washed with water, rinsed with cold nitric acid,
washed again with water, and heated while under
vacuum, It circulated lead for 351 hr at 1500°F
before plugging. Plugs that were left in both
loops when the lead was melted out at 1575°F
again appeared to be at the bottom of the cold leg.
The plugs have been submitted for chemical and
x-ray diffraction study.

STATIC CORROSION

D. C. Vreeland E. E. Hoffman
L. D. Dyer

Fluoride Corrosion. In previous static corrosion
tests in Inconel tubes with fluoride 14 plus sodium
metal additions of approximately 1%, there was
little or no attack on the Inconel. Similar tests
with much lower additions of sodium (approximately
0.17%) have now been completed on both Inconel
and type 304 stainless steel, and no attack could
be noted. These tests were for 100 hours at 816°C.

Copper was also tested in fluoride 14 for 100 hr
at 816°C, This test 1s of interest because some of
the brazing alloys being considered for ARE apphi-
cation contain copper. No dimensional changes
could be noted after test, and metallographic
examination revealed no attack.

AGOT graphite was tested in fluoride 14 for 100
hr at 816°C. A graphite capsule was used to
contain the specimen and the molten salt. A
visual examination of the specimen after test
revealed no erosion or other attack, no dimensional
changes were noted. There was a slight weight

loss, 0.0078 g/sq in.
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Tests were run n Inconel tubes for 100 hr at
816°C with fluoride 14, plus approximately 10%
additions of ferric oxide, nickel oxide, and chromic
oxide to determine whether such oxides, which may
also be present on Inconel, would increase the
corrosion by fluorides. The nickel oxide and ferric
oxtde had little or no effect on the extent of
corrosion, and the addition of chromic oxide ap-
parently increased corrosion. The results are
summarized in Table 9.

In some tests run with fluoride 14 for 100 hr at
816°C, sections of the testing tube were taken
both above and below the bath level. Corrosive
attack could be noted on all sections examined.
This would seem to indicate that attack can be
expected on metals exposed to the vapor phase of
the fluoride mixtures. The sections of type 304
stainless steel exposed to the vapor phase ap-
peared to be attacked more severely than those
exposed to the liquid phase. Inconel and types
309 and 316 stainless steels appeared to be
attacked by the vapor phase to approximately the
same extent as by the liquid phase of the molten
fluoride salts. Figures 19 and 20 compare speci-
mens of type 304 stainless steel exposed to the
liquid phase and to the vapor phase of the fluoride.
Details of these tests are presented in Table 10,

Hydroxide Corrosion. A survey of the abstracts
contained i1n ORNL-1291(") |ndicated that addi-
tions of CaO, Ca(OH)z, NaNOz, NaNOa, and
NaClO, might have some effect in inhibiting cor-
rosion by hydroxides. CaO and Ca(OH), were
reported to participate in reactions of the following
type

Na,CO, + Ca(OH), —> 2NaOH + CaCO,,

Na,CO, + CaO + H,0 —> NaOH + 3CaCO,.

Reactions for the alkali metal nitrites and nitrates

(M Lee, General Information Concerning Hydroxides,

ORNL-1291 (Apnil 21, 1952)

TABLE 9. RESULTS OF CORROSION TESTS OF INCONEL IN FLUORIDE 14 WITH
. CERTAIN ADDITIVES FOR 100 hr AT 816°C

ADDITION

METALLOGRAPHIC NOTES

10% ferric oxide
10% nickel oxide

10% chromic oxide

Attack to 2 mils on specimen and tube
Attack to 1 mil on specimen and tube

Attack to 5 mils on specimen and 2 to 10 mils on tube
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TABLE 10. RESULTS OF EXAMINATIONS OF VARIOUS MATERIALS EXPOSED TO
LIQUID AND VAPOR PHASES OF FLUORIDE 14 FOR 100 hr AT 816°C

METALLOGRAPHIC NOTES

MATERIAL

Liquid-Phase Exposure

Vapor-Phase Exposure

Inconel

1.5 mils

Type 304 stainless steel

Type 309 stainless steel

Type 316 stainless steel

Erratic attack, subsurface voids to

Erratic attack, intergranular attack with

some subsurface voids to 1 mil
Subsurface voids to 3 mils

Intergranular penetration, 1 mil

Erratic attack, subsurface voids to 1 mil

Intergranular attack to 5 mils

Subsurface voids to 3 mils

Some slight evidence of attack, less than

0 5-mil penetration

TABLE 11

RESULTS OF STATIC TESTS OF TYPE 316 STAINLESS STEEL IN

SODIUM HYDROXIDE WITH VARIOUS ADDITIVES FOR 100 hr at 816°C

ADDITIVE METALLOGRAPHIC NOTES

5% N(:CIO3 Unattacked material decreased from 33 to 26 mils

5% NaNO2 Unattacked material decreased from 33 to 25 mils

5% Nc&NO3 Unattacked material decreased from 33,5 to 20 muls,
intergranular penetration beneath uniform corrosion
layer, 1 to 2 mils

5% CaO Unattacked material decreased from 33.5 to 26 mils

5% Cu(OH)2 Unattacked matertal decreased from 33.5 to 26 mils

and sodium chlorate were not given, but the re-
duction of corrosion by these additives was stated
to be as much as 90% under certain conditions.
Static tests were run with type 316 stainless steel
exposed to sodium hydroxide at 816°C for 100 hr,
approximately 5% additions of the above-mentioned
additives were made to the sodium hydroxide. None
of these additives seemed to have any effect in
inhibiting corrosion. It 1s believed that the in-
hibiting effect mentioned in the literature(!’ may
take place at much lower temperatures than were
employed in these tests. The test results are
presented in Table 11,

A series of tests was completed on the effect of
temperature on the corrosion resistance of types
304 and 316 stainless steels in sodium hydroxide
(100 hours). Attack on these materials was not
noticeable until the test temperature was increased

to at least 550°C. The results are tabulated in
Table 12,

Static tests in sodium hydroxide of an 80%
N1-20% Mo alloy and an 80% Ni-20% Fe alloy
were run for 100 hr at 816°C. The 80% N1-20% Mo
alloy showed subsurface voids to a depth of 1 to 2
mils, and the 80% Ni—20% Fe alloy showed sub-
surface voids to a depth of 3 to 5 mils upon me-
tallographic examination.

A test was run of beryllium oxide in potassium
hydroxide contained in an Inconel tube with a
hydrogen atmosphere., The hydrogen was purified
with a deoxo unit., The potassium hydroxide was
dehydrated under vacuum for 56 hr, by gradually
raising the temperature to 500°C before the beryl-
lhum oxide specimen was introduced. During the
test a constant flow of hydrogen through the system
was maintained. The period of the test was 100
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TABLE 12. RESULTS OF TEMPERATURE-DEPENDENCE TESTS IN SODIUM HYDROXIDE FOR 100 HOURS

STAI.I:IZSESOS:'EEL TEMPTC?CA;TURE METALLOGRAPHIC NOTES
304 350 No attack
304 450 No attack
304 550 Light intergranular penetration, 0 5 to 1 mil
304 650 Unattacked material decreased from 34 to 24 mils
316 350 No attack
316 450 No attack
316 550 Intergranular attack, 1 to 2 mils

hr and the temperature was 800°C, The beryllium

oxide was rather severely attacked. Weight and
dimensional changes are listed below.
Before Test After Test
Length, In, 0 486 0.413
Width, 1n 0.263 0.207
Thickness, In 0.269 0.213
Weight, g 1.5254 0.6882

Metallographic examination of the Inconel tube
used In this test revealed a 4- to 10-mil oxide
layer. '
Liquid Metals. A dynamic test, which has be-
come known as the spinner test, has been used to
check the effect ofhigh velocities on corrosion and
erosion of several materials in molten sodium. In
this test tubular specimens are rotated at relatively
high veloctties (400 ft/min) in a pot containing
the molten corrodant under 1sothermal conditions.
Inconel and types 316, 347, and 446 stainless
steels have been tested in this apparatus, Greater
attack than in ordinary static corrosion tests was
noted on all materials tested. It should be em-
phasized that inasmuch as the spinner pot was
fabricated of type 347 stainless steel, these were
actually three-component tests, except in the case
of the type 347 stainless steel specimens. The
attack on Inconel after spinning at 400 ft/min at
816°C for 72 hr 1s shown in Fig. 21. A 0.5-mil
surface layer and 0.5 mil of intergranular voids
beneath it are apparent, This surface layer may
be a mass transfer effect caused by the three-
component system used during test. An analysis
of a portion of the surface layer scraped from the

specimens showed 64% Ni, 27.5% Cr, and 8.3% Fe.
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The composition of Inconel s generally accepted
as 80% Ni, 15% Cr, and 5% Fe.

Figure 22 shows the intergranular attack on type
316 stainless steel tested for 100 hr at 816°C with
a speed of 400 ft/min. The attack extended to a
depth of 1 to 2 mils near the front or leading edge
of the tubular specimen and, as would be expected,
was less severe at the trailing edge, where the
depth of attack was 0.5 to 1 mil. Type 347 stain-
less steel suffered intergranular attack to 2 mils
after 74 hr at 816°C and a speed of 400 ft/min.
The attack on this material 1s shown in Fig. 23,

Type 446 stainless steel showed slight inter-
granular attack, to a depth of less than 0.5 mil,
after 53 hr at 816°C at a speed of 400 ft/min. The

results of these tests are summarized in Table 13,
A series of static corrosion tests of various ce-

ramic materials received from the Ceramic Labeo-
ratory has been tested in sodium at 816°C for 100
hr in Inconel tubing. The results are tabulated in
Table 14. Only two of the specimens were intact
after test Al,O, and spinel. Many of the speci-
mens disintegrated into a fine powder during the
test, other specimens were broken into several
pieces. It 1s possible that if these specimens had
been thicker (specimens were approximately 20
mils thick), some of them might not have broken
up during the test.

PHYSICAL CHEMISTRY OF CORROSION

G. P. Smith J. V. Cathcart
W. H. Bridges

Inhibition of Mass Transfer. Previous studies of
mass transfer made with a small thermal convection
loop indicated that a hydrogen gas atmosphere had
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TABLE 13. RESULTS OF SPINNER TESTS RUN AT 400 ft/min AT 816°C

MATERIAL TIME OF METALLOGRAPHIC NOTES
TEST (hr)

Inconel 72 Surface layer attack to depth of 0,5 mil with 0.5 mil of
intergranular voids beneath

Type 316 stainless steel 100 Intergranular attack, 1 to 2 mils deep on leading edge
and 0.5 to 1 mil deep on trailing edge

Type 347 stainless steel 74 Intergranular attack, up to 2 mils

Type 446 stainless steel 53 Slight intergranular attack, less than 0.5 mil

TABLE 14, RESULTS OF TESTS OF VARIOUS CERAMIC MATERIALS IN SODIUM FOR 100 hr AT 816°C

MATERIALS

OBSERVATIONS AFTER TEST

Porcelain (A1-576)

Mica

Titanium dioxide (Al-192)
S|02

Barium titanate (Al T 106)
Al,0, (single crystal)

Lead glass

Z:0, (Hf-free)

Th02

2Mg0O S|02 (Fosterite, Al 243)
2Mg0O 2A|203-55|02

Aluminum silicate (Al A)
Pyrex glass

Zirconium silicate (Al 475)
HfO

2
Soda glass

TAM ZrO,
Mg0-$10,

Al,0,

S$ic

MgO

MgO (single crystal)
Spinel

Zr0, (Al 550)
Zircon

BeO

Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test
Disintegrated during test

Disintegrated during test

Increase in thickness, 3 mils, weight increase of 0.01 g/m.2

Specimen broken into several pieces, no thickness change
Specimen broken into several pieces, no thickness change
Specimen broken into several pieces, no thickness change
No change in thickness, weight loss of 0.006 g/ln.2
Specimen shattered, 1 mil increase in thickness

Specimen shattered, 1.5 mil increase in thickness

Specimen shattered, 7 mils increase in thickness

29






an apprectable effect in reducing nickel mass
transfer., This effect has been more closely in-
vestigated with special apparatus, and although the
research 1s by no means complete, encouraging
results have been obtained. Molten sodium hy-
droxide was contained in a nickel cup into which
was 1mmersed a nickel tube with a closed end.
Thermocouples were attached to the outside of the
nickel cup and to the inside of the nickel tube.
These parts were enclosed in a quartz vessel with
a pyrex stopper. The temperature of the nickel
cup was maintained by a furnace that surrounded
the quartz vessel. The temperature of the inner
nickel tube could be separately controlied at a
temperature lower than that of the nickel cup by
means of a strong current of air that flowed to the
bottom of the nickel tube and then passed out
through a small pyrex tube. In this manner a
controlled temperature difference could be main-
tained between the nickel cup and the inner nickel
tube.

In the experiments the sodium hydroxide was
dehydrated in the apparatus under vacuum by slowly
raising the temperature to 500°C over a period of
several days. Tests showed that no appreciable
mass transfer occurred during this dehydration.
Then the desired atmosphere was admitted to the
apparatus, the temperature of the nickel cup was
raised to operating temperature, and the air stream
was turned on to cool the inner nickel tube.

The results of two typical tests are illustrative
of the results of the several experiments made. In
both tests the temperature of the nickel cup was
about 725°C, whereas the temperature of the inner
nickel tube was 525°C, a temperature difference of
200 degrees. The first test was conducted with a
static vacuum over the hydroxide melt. [n 40 hr,
a copious quantity of dendritic nickel crystals had
encrusted the inner nickel tube and extended more
than half way across the hydroxide melt. This 1s
a case of the normally expected nickel mass trans-
fer in sodium hydroxide for a large temperature
difference.

In the second test a purified hydrogen atmosphere
replaced the static vacuum. In 170 hr, as com-
pared with40 hr for the first test, the only evidence
of mass transfer obtained was a tiny band of nickel
crystals on the inner nickel tube at the gas-liquid
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interface. This band was about 1 mm wide and

0.1 mm thick.

Confirmatory evidence for the inhibiting effect of
hydrogen has been obtained with the tilting furnace
apparatus designed by Brasunas./?) Richardson
of the Metallurgy Division modified this test so
that the hydroxide melt could be maintained under
hydrogen at a pressure of 1 atm and conducted a
single test. In this test, when the liquid was In
the heated end of the furnace it was at a tempera-
ture of about 725°C, and when in the cold end it
was at 650°C, a difference of 75 degrees. The

cycling rate was about 4 tilts per minute,

In order to keep the pressure at 1 atm, it was
necessary to add hydrogen continuously. The
hydrogen loss 1s believed to have been due to
diffusion through the walls of the hot Inconel tube.
A slowly decreasing rate of diffusion was ob-
served, which was probably the result of the
gradual thickening of the oxide film on the outside
of the Inconel tube.

After 100 hr of operation no evidence of mass
transfer was obtained. Of about 75 tests with the
tilting furnace, this 1s the only nickel-sodium
hydroxide test in which mass transfer did not oc-
cur. The other tests were under a variety of con-
ditions but without a hydrogen atmosphere.

These tests show that hydrogen has a marked
effect in inhibiting the mass transfer of nickel in
molten sodium hydroxide under simple test con-
ditions.

New Tripositive Nickel Compounds. Two new
tripositive compounds of nickel have been identi-
fied as corrosion products of nickel attacked by
sodium hydroxide in the presence of oxygen gas.
The purpose of this investigation was twofold,
First, 1n corrosion and mass transfer studies with
the hydroxides, a variety of black and colored
products has been obtained that do not correspond
to any known nickel compounds. The occurrence
of these products has caused some difficulty in the
efforts to ascertain the mechanism of hydroxide
corrosion, Therefore an effort to identify some of
the more unusual corrosion products and determine
some of their physical and chemical properties was

(2)F|gure 35, ANP Quar Prog Rep March 10, 1952,
ORNL-1227, p. 121.
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deswrable as an aid in future i1dentification and in

determination of how they might have been formed.
The second purpose of this investigation was to

determine whether nickel i1ons of valence greater
than 2 might occur in hydroxide melts. These
higher valence 1ons are required by the very ingen-
tous mechanism of nickel mass transfer proposed
by Grimes of ORNL and Hill of Duke University
about a year ago. At that time the only nickel
compounds of valence greater than 2 for which
there was any but the most tenuous evidence were
four trivalent nickel oxyhydroxides and a hydrous
oxide of quadravalent nickel.

The most important features of the work done
thus far are briefly summarized here. Two com-
pounds, with the empirical formulas NaNiO, and
LiNiO,, have been prepared. These compounds,
which will be called sodium nickelate(lll) and
lithyum nickelate(lll), have been identified by
chemical analysis for nickel and for the alkals
metals, by several chemical reactions, including a
quantitative determination of oxtdizing power and
a reaction that gives a known trivalent nickel
compound, and by complete crystal structure analy-
sis.

Sodium nickelate(lll) was prepared in a simple
apparatus, which consisted of a 1-in. A nickel
tube 12 in. long that had been crimped and welded
closed on one end. Sodium hydroxide (c.p.) was
melted in the tube, and a ]/z-m. nickel tube, the end
of which had been crimped but not welded, was
immersed in the hydroxide melt. Oxygen gas was
passed through this tube at a rate of about 3
ml/sec and allowed to bubble through the melt.

The hydroxide was heated in the temperature
range of 650 to 850°C for 48 hours. Then the

]/2""' inside tube was removed from the melt, and

the 1-in. tube containing the molten hydroxide was
quenched n o1l and quickly stoppered. The re-
moval of the inner nickel tube and the contraction
of the hydroxide on freezing caused the liquid
level to drop considerably and leave exposed a
heavy encrustation of black crystals attached to
the tube wall. Examination of several tubes re-
vealed that although there was a quantity of black
crystals distributed throughout the frozen hy-
droxide, the greatest concentration occurred in the
heavy deposit at what had been the gas-liquid
interface. Next, the nickel tube was cut and the
end of the tube containing the black crystal deposit
was squeezed In a vise. The crystals thus
loosened were stored in a desiccator over Dehy-
drite.  These operations were carried out as
rapidly as possible. Finally, the crystals were
washed with absolute ethyl alcohol, to remove
adhering sodium hydroxide, and vacuum dried.

It will be noted that in the above procedure the
bulk of the hydroxide had separated from the
crystal deposit before the washing with alcohol.
This gave a saving in time that was important,
since 1t was found that leaching the black crystals
out of the solid hydroxide with absolute alcohol
took considerable time, during which time part of
the trivalent nickel present was reduced to divalent
nickel. The alcohol became a deep red and a
quantity of resinous deposit was produced. This
reaction was probably the result of an aldol con-
densation.

Four batches of black crystals were analyzed
for sodium, nickel, carbon, and the ratio of tri-
valent nickel to total nickel present. The results
of these analyses are given in Table 15. The
analyses are in good agreement with the calculated
analysis for sodium nickelate(lH).

TABLE 15. ANALYSES OF BLACK CRYSTALS

COMPOSITION (%) P
BATCH N1 -TO-N: RATIO
Sodium Nickel Oxygen Carbon

A 21.3 51.0 27.7* 0.13

B 20.7 51.3 28.0* 1.00

o 20.4 50.9 28.7*

D 207 51.6 27.7* 1.00
Calculated for NaNlO2 20.2 51.6 28.2 1.00

*Calculated by difference
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The analysis for trivalent nickel was performed
by digesting the compound 1n a hydrochloric acid
solution of potassium i1odide under an inert atmos-
phere. The i1odine liberated by the reduction of
Ni*** to Ni** was titrated with standard thio-

sulfate,
To obtain single-crystal x-ray patterns, a binocu-

lar microscope was mounted in a dry box with the
eye pieces of the microscope waxed to the outside
of the dry-box window to facilitate observation.
A preparation of NaNiO, was removed from the
furnace and while still hot was placed in the dry
box, After the NaNiO, cooled, some crystals were
scraped out of the nickel tube and placed under
the microscope, where a specimen was selected
and sealed in a glass capillary. These precautions
were found to be necessary in handling the tiny
x-ray specimens because of their reactivity with
the moisture 1n the air and with the stopcock
grease and the other organic materials that had
been used in an effort to coat them.

Structure analysis showed the unit cell of NaN:iQ,
to be monoclinic with dimensions a = 5.328 A,
b= 28584, c = 5584, and 8 = 110°30". There
are two molecules, per unit cell, whose atoms
have the following positions

2N 000, 440
2Na 04, 10k
40 +(U0z), £(U+4,0,2)
where U = 0,220 and z = 0.700. Figure 24 1s an

©
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Fig. 24, Fourier Projection of NaN10, on (010).
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electron density map of a unit cell of this com-
pound.

A powder pattern was obtained for an alcohol-
washed sample. The small crystallites tended to
arrange themselves with a preferred orientation, so
the observed line intensities were of no use for
structure determinations, but the line positions
showed that the alcohol washing had not affected
the NaN10, structure.

The reaction of NaNiO, with water was given
some attention because of the frequent practice In
corrosion tests of removing excess hydroxide with
a water wash, One sample of alcohol-washed
NaNiO, was divided into two parts  sample M was
washed with water several times, and the washings
did not turn phenolphthalein pink, sample N was
washed continuously for two weeks. The following
tabulation gives the results of analyses for sodium
and nickel in samples M and N and the calculated
analyses for sodium and nickel in NaNiO, and

N1OOH

Na (wt %) Ni (wt %)
Sample M 155 10
Sample N 580 58 4
Ni1OOH (calc ) 0 64 0
NONI02 (calc) 232 51 6

++4 ++4+

Analysis for Ni showed that the ratio of Ni
to total nickel was between 0.5 and 1, but this
particular Ni*** determination cannot be specified
any closer.

Sample M was examined by x-ray diffraction tech-
niques, and two types of crystals were observed.
One was a distorted Nn(OH)2 lattice, the other
corresponded to a rhombohedral cell that, if as-
sumed to be the oxyhydroxide NiO(OH), gave a
structure almost identical to that reported for
y-NiO(OH) by Glemser and Einerhand.(3)

A 2-g sample of NaN1O, was placed in 100 ml of
refluxing water for 11 days, and an x-ray powder
pattern of the product was obtained that did not
correspond to any known nickel compound.

A preliminary microscopic examimation of NaNiO
crystals revealed some distinctive properties. When
the crystals were immersed in a drop of water, the
properties progressively changed to those charac-
teristic of y-NiO(OH). During this water reaction
the crystal did not crumble or otherwise lose its
form. X-ray measurements have been made on a
crystal of NaNiO, while 1t was decomposing into

(3)0. Glemser and J Einerhand, Z anorg Chem 261,
26-51 (1950).
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y-NiO(OH).  Progressive changes in the single-
crystal patterns were observed but have not been
analyzed,

A second method for preparing NaNiO., was used
in which 25% Na,0, instead of bubbling oxygen
gas was added to the fused caustic. The compound
thus prepared appeared to be the same as that
obtained with oxygen gas.

LiN\O, was prepared by a technique similar to
that used for NaN|02. The reaction, however, was
much more rapid, and thin-walled nickel tubes
were completely disintegrated in less than 24
hours. Thick nickel pipe was found to be satis-
factory for holding the melt, but the tube through
which oxygen was introduced invariably disinte-
grated before the end of a run. The product was
a very fine, tightly compacted, crystalline powder
in contrast to the large NaNiO, platelets. It was
found that a mass of powder frequently contained
particles of unreacted nickel metal that could be
removed with a magnet after the lump of product
had been crushed. It was difficult to remove the
adhering lithium hydroxide by alcohol washing,
and no samples were obtained that were entirely
free of the hydroxide. An analysis was made of a
sample that had been washed with considerable
alcohol, and the results are given in Table 16. |t
may be seen that the lithium content is higher and
the nickel content lower than those calculated for
pure LiNiO,. However, 1f 1t 1s assumed that the
excess lithium 1s present as lithium hydroxide
(1.815%), the nickel content 1s brought more nearly
in line with the theoretical value, as shown by
the corrected analysis also given in Table 16.
The analysis for Ni*** shows that all the nickel
present is in the Ni*** form, to within experimental

error.
Samples of the black powder that had not been

aleohol washed were prepared for x-ray examination
with a flat sample holder by a dry-box technique
similar to that used for handling NaN1O, samples.

A spectrometer trace was taken, and the pattern
was successfully indexed by assuming the structure
to be rhombohedral and of the CsiCl, type. The
rhombohedral cell dimensions are a = 5.013 A

and a = 3322 . There 1s one molecule per unit
cell, with atoms in the following positions

Ni 000

Li A

0 +(UUU)

where U = %. The cell dimensions, referred to
hexagonal axes, a”= 2.878 A and ¢’ = 14,19 K,
contain three molecules and the calculated density
is 4.8 g/cm®. The measured density 1s 4.8 g/cm®.

The atoms lie in the following positions of space

C2 (or D7, or DS
group 3‘(or 50 OF 3d)

1,21, 2
(000, %% 4,7
Ni,3a 000
: Li, 36 00%
0, 6c 00z00z .

An oxygen parameter of z = 0.25 gave good agree-
ment between observed and calculated intensities,
as shown in Table 17. Also compared in this table
are observed and calculated values of sin? 0.

A sample of LiNiO, was washed with running
water for eight days. Chemical analysis showed
5.55% L1, 62.4% Ni, and a decrease in the Ni***.
to-Ni ratio. The x-ray pattern for this material
was the same as that obtained for undecomposed
NaN:O,.

The known compound NaFeO, was successfully
prepared by techniques similar to those described
for alkali nickelates(lll). It was hoped that possi-
bly some hexavalent iron would be formed, but no
evidence for this was found.

It 1s interesting to compare the structures of
LiNiO, and NaNiO,, with those of similar materials.
In LiNiO, the oxygens are almost perfectly cubic
closed-packed. |f the packing were perfect, c/a”

would be 2\/6 or 4.90, and a of the rhombohedral

B4

TABLE 16. ANALYSES OF LiN:O,

COMPOSITION (%) e
Ni -TO-Ni1 RATIO
Lithium Nickel Sodium
Original analysis 8 48 54 9 0 062 100
Corrected analysis 711 58 5 100
Calculated for L|N|02 71 601 0 100
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TABLE 17. OBSERVED AND CALCULATED INTENSITIES AND Sin? § FOR LiNiO,

hid OBSERVED CALCULATED OBSEI§VED CALCUIZ_ATED

INTENSITY INTENSITY Sin“ 6 Sin“ 0
003 160 170 0 0266 0 0265
011 66 84 0 0986 0.0986
006 16 10 0 1062 0.1062
102 23 2? 01073 01074
014 151 135 01428 0.1428
105 25 34 01693 0.1694
009 6 0 2389
017 28 19 0 2401 0 2401
108 42 38 0 2843 0 2844
110 41 38 0 2868 0 2868
113 21 24 0 3132 03134
201 9 8 0 3855 0 3854
01,10 5 0 3906
116 15 9 0.3926 03930
022 3 0 3942
00,12 7 6 0.4249 0 4248
204 17 18 0 4292 0 4296
10,11 12 6 0 4529 0 4525
025 6 0 4561
119 12 1 0.5262 0 5258
207 5 0 5269
028 12 13 0 5706 0.5712
01,13 5 0.5941

cell would be 33°34”, The observed values are
c¢/a’ =493 and a = 33°22". The small nickel
and lithium cations lie in alternate layers in the
octohedral interstices of the oxygen array. Each
cation has six oxygen neighbors, and each oxygen
has three lithium and three nickel neighbors. Most
of the other compounds of the CsICl, type are
similar to L|N|02, but not so closely packed. For
example, the rhombohedral angle for NaFeO, 1s
30°20°, and for NaCrS, 1t 1s 29°48".

The lattice of NaNiO,, on the other hand, 1s of
a more complicated type in which there are moder-
ate deviations from what would have been expected
for the closest packing of ions.

Calculation of the crystal radn for the ions in
LiNiO, and NaNiQ, gives 1.42 & for 077, 0.6 & for
Li*, 0.9 to 1.0 K for Na*, and 0.6 R for Nit*t,
Values given by Pauling®) are 1.40 R for o7,
0.60 A for Li*, and 0.95 A for Na*. This repre-
sents good agreement. No previous values are
available for Ni***, but the value for Fe*** is
0.60 A,

Consideration of the data obtained on the action
of water on the alkali nickelates(lll) shows this
to be an interesting complex reaction. The y-
Ni1O(OH) obtained from the reaction of Nc:N|02 with

(4)L. Pauling, Nature of the Chemical Bond, p. 350,
Cornell Univ Press, lthaca, N, Y,, 1945,
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water has an unusual crystal structure that, even
though related to the structures of AIO(OH) and
FeO(OH), involves some unexpectedly large inter-
atomic spacings that have not been satisfactorily
explained. The occurrence of NI(OH)2 in the
preparation of y-N1O(OH) 1s not unlike a substance
that Glemser and Einerhand reported to consist of
NiO(OH) irregularly embedded between normally
developed N:(OH)2 layers. In this latter substance,
however, the NiO(OH) does not correspond in
lattice dimensions to a-, 8-, or y-NiO(OH). The
reaction of NaNiO, with hot water apparently
yields another new compound of nickel. The re-
sults of the x-ray examination of the product ob-
tained from the reaction of LiN1O, with water are
puzzling in that the original material and the
product gave the same pattern, This may have a
trivial explanation — the observed lines may have
come only from unreacted LiNiO,, since there was
appreciable lithium in the product. However, there
is also the possibility that the NiO(OH) was formed
in which hydrogen 1ons were substituted in the
positions that had been occupied by lithium ions.
This would be a new crystal modification of
NiO(OH), but this substance 1s already known to
occur 1n at least four modifications at room temper-
ature. The difficulty encountered in removing the
alkali metal from LiNiO, and from NaNiO, by
washing with water, even for long periods of time,
is interesting. This may be due in part to an
association between the OH™ of the alkali hydrox-
ide with the OH™ of the oxyhydroxide to give strong
sorption. |t would be difficult, however, to account
in this manner for the large quantity of Li* ions
retained.

The various aspects of the reaction of the alkal:
nickelates(Ill) with water are of some practical
interest, since they emphasize the difficulty to
be encountered in analyzing the data obtained with
water-washed corrosion specimens.

In summary, the work performed on the chemistry
of corrosion products in the sodium hydroxide-
nickel system has been the determination of new
trivalent nickel compounds, together with a study
of some of their reactions.

Mass Transfer in Liquid Lead. Studies are being
made of the mass transfer of molybdenum and of
Inconel in liquid lead. Research has been con-
ducted on the handling and purification of liquid
lead, and a few mass transfer measurements have
been made.
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Imitially, measurements were desired on the mass
transfer of molybdenum in liquid lead at tempera-
tures up to 1000°C. However, these measurements
presented some problems in apparatus design. The
construction and operation of conventional thermal
convection loops constructed largely of molybdenum
i1s not feasible because molybdenum metal is
expensive and difficult to weld. Furthermore, 1t
oxidizes excessively at high temperatures, and
such a thermal convection loop would have to be
operated under an inert-atmosphere blanket that
would have to be cooled to take care of heat re-
moval from the cold leg of the loop. Therefore 1t
was decided to perform the experiments in appa-
ratus made of quartz or pyrex, depending on the
temperature to be used, since these materials are
resistant to corrosion by liquid lead®} and do not
present the problem of the three-component system
that would be encountered if the apparatus were
made of a metal other than molybdenum,

Studies were made of the deoxidation of high-
purity lead. From the quantity of oxide that col-
lected on the surface of lead melted under purified
hydrogen, 1t was concluded that the original ma-
terial had contained considerable occluded oxide.
A number of experiments was performed in which
hydrogen was passed in fine bubbles formed by a
fritted pyrex disk through molten lead at 450 to
500°C for 20 hr, and the lead was then filtered
through a fritted pyrex disk. There were no visible
oxide films on the surface of the filtered lead, but
a small amount of oxide was found on the filter.
This indicated that the hydrogen reduction had not
been complete, Further studies of the conditions
required for complete reduction by hydrogen will
be made.

An experiment was performed to determine
whether molybdenum mass transfers during temper-
ature cycling in the manner reported(®) for copper
in bismuth, A mechanically polished molybdenum
specimen was contained in lead, and the temper-
ature was cycled for 42 hr between 500 and 510°C
with a cycle time of 12 minutes. At the end of the
cycling, the lead was filtered at 500°C. No mass
transferred crystals were found. This result should
be taken as preliminary, because the molybdenum
was undoubtedly coated with an oxide film that
may have prevented contact with the molten lead.

(S)R. N. Lyon (ed ), Liquid Metals Handbook, p. 105,
NAVEXOS P-733 (June 1, 1950)

(6)G. P Smith and J. ¥V Cathcart, Met Quar Prog
Rep Jan 31, 1952, ORNL.1267, p 85




It had been planned that other mass transfer meas-
vrements would be made with molybdenum, how-
it was decided that measurements of the
mass transfer of Inconel in liquid lead were needed,
and hence the molybdenum studies were discon-
tinved.

ever,

The studies of the mass transfer of Inconel in
liquid lead have been initiated with quartz loops,
not because Inconel loops would not be satis-
factory, but in order to hasten the development of
techniques for operating loops made of fragile
quartz. The mitial loop design 1s shown in Fig.25.
The loop was made of quartz tubing containing two
sections of Inconel tubing. The lead purification
flask was made of pyrex glass and was joined to
the quartz loop by means of a water-cooled stand-
ard-taper joint. Pyrex was used because quartz
fritted disks were not available. All parts of
the system were heated, except the water-cooled
joint.

The proposed method of operation was to de-
oxidize the lead in the 300-ml bulb at 500°C by
bubbling hydrogen up through the fritted disk,
evacuating the loop, and forcing the molten lead
through the filter and into the loop under hydrogen
pressure, Two loops have been set up. The first
loop broke during heating because the holders that
clamped the loop in place were not properly de-
signed. This was corrected for the second loop,
but an unexpected freeze-up of the lead occurred
when 1t was being transferred from the deoxidation
flask to the heated loop. A second type of loop
has been designed in which the standard-taper
joint has been eliminated. This loop requires a
satisfactory quartz fritted disk, which 1s being
developed in the ORNL Glass Shop.

FOR PERIOD ENDING OCTOBER 31, 1952
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Fig. 25. Apparatys for Measuring Mass Transfer
of Inconel in Liquid Lead.
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CERAMICS RESEARCH

J. M. Warde S. D. Fulkerson
C. E. Curtis J. R, Johnson
L. M. Doney A, J, Taylor

G. D. White

CERAMIC COATINGS FOR METALS

Radiator Coatings (ANP). Further work was
carried out on the application of a ceramic coating
to nickel for possible use in a radiator. It was
found that by annealing specimens of pyrometal-
lurgical nickel 10 mils thick in an atmosphere of
wet hydrogen for 65 hr at 1000°C, sufficient carbon
can be removed to permit good adherence of NBS
coating A-418, applied at 1700°F. The coated
specimens showed only 0.05% weight gain in a
9-day oxidation test at 1500°F. Work 1s under way
to apply coating A-418 to a nickel radiator as-
sembly.

Coatings with High Boron Content. At the sug-
gestion of E. P. Blizard of the Physics Division,
work was started on developing a ceramic coating
containing a minimum of 10% boron and a method
of applying the coating to metals. A preliminary
composition was developed that was satisfactorily
flame-sprayed onto 20-gage stainless steel. In
order to carry out tests on the shielding properties
of this coating, it will be necessary to place 1t on
a 5-ft-square mild steel plate 7/8 in. thick. This
operation 1s beyond the capacity of the flame-
spray equipment in the Ceramic Laboratory, and
the Ohio State Engineering Experiment Station,
which has more syitable facilities, was requested
to make further attempts. This Station reports
that the coating has been successfully applied to
a 5/8-|n.-1‘h|c|< mild steel plate in a preliminary test.
Arrangements will be made to coat the 5-ft-square
test plate.

CERMET INVESTIGATION

The study of ceramic and metal combinations
(cermets) continues. In order to decide on the
most suitable compositions for investigation, the
following elements and combinations, which have
very low neutron-absorption cross sections and
which meet other reactor design requirements,
were studried

Be Be,C BeO MgO
Si SiC $i10, Al,0,
Zr ZC ZrO, CaO
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Two materials (S1 and SiC) are listed that have
been successfully combined commercially to make
a refractory, oxidation-resistant material. It 1s
planned to attempt the development of fuel ele-
ments by combining S1, C, and U,C, and a small
vacuum-induction furnace has been designed for
firing the specimens. It 1s suggested that such
fuel elements might be satisfactory for unshielded,
guided-missile reactors (direct cycle) and possibly
a helium-cooled, stationary, power reactor.

The hydrogen cleaning system developed for use
with the cermet firing equipment has proved satis-
factory, and several 70% chromium~30% Al,O, bars
have been successfully fired. This composition
has been studied in some detail by other investi-
gators, and because of its familiarity, was se-
lected as a starting material to check the operation
of the equipment available, Several disks, 1 in, In
diameter and 24 mils thick, were pressed with this
composition, as well as two '‘sandwich’’ uranium
oxide-containing specimens, these materials have
been successfully fired and are being studied.

A number of ZrC-Fe cermet specimens were made
by T. S. Shevlin at the Ohio State Experiment
Station and have been submitted to the Metallyrgy
Laboratory for tests in fluorides and NaK. This
cermet has been found to have relatively poor
oxidation resistance.

HAFNIUM CARBIDE INVESTIGATION

Synthesis of Hafnium Carbide. After several
trials with 20-g samples of HfO, + C, a procedure
has been developed that gives a fairly consistent
product containing HfC and HfN in varying pro-
portions.  In this procedure HfO, powder (-300
mesh) s mixed with carbon (atomic graphite,
2.5 p), 1n stoichiometric proportion, to give hafnium
carbide. This powder mixture 1s then cold pressed
at 10,000 psi to form a pellet ¥ in. in diameter
and about 1/2 in. long. The pellet 1s then placed
in a graphite crucible, which, in turn, 1s placed in
a larger crucible fitted with a sight tube. The
whole assembly 1s then heated by induction to
about 2000°C in 45 minutes. During the next hour,



the temperature 1s raised to 2400°C. The tempera-
ture 1s then increased to above 3000°C for 10 min,
after which, the crucible 1s allowed to cool to
room temperature. A black crystalline mass re-
sults,

The method described in patent No. 2,124,509
for producing hafnium carbide has also been tried.
In this method, HfO, 1s placed in molten aluminum
metal with excess carbon present and the mixture
1s heated to above 2000°C. The results look

promising.

About 200 g of hafmium carbide,
prepared by the pellet process, has been sintered
and ground, acid treated, washed, and dried. A
cold pressed bar has been made and will be
sintered at 2100°C. This specimen will be used
for thermal expansion tests and other invest-
gations.

Fabrication.

Hardness. One sample of hafnium carbide had
large crystals and hence was ideal for the de-
termination of hardness by the Vickers method.
The average of four Vickers determinations made
by the Metallography group was 2910,

Refractoriness. A small piece of hafnium car-
bide has been heated to above 2500°C in the small
phase furnace in an argon atmosphere. A reaction
with the tungsten filament took place at above
2600°C, however, a sample of hafnium carbide was
held at 2440°C in contact with the tungsten fila-
ment, with no visible reaction and no melting.
There 1s some evidence that the vapor pressure
(or dissociation pressure) of hafnium carbide be-
comes significant in the vicinity of 2500°C,

X-Ray Analysis. The presence of hafnium car-
bide in three samples has been established by
Steele and Bredig of the Chemistry Division. They
also found HfN and carbon.

Chemical Analysis. Several samples were ana-
lyzed for nitrogen, carbon, and hafnium, all the
samples contained combined nitrogen and free
carbon. The best composition from the standpoint
of lack of free carbon was

Actual (%) Theoretical (%)
Hafnium 92 4 937
Carbon 235 63
Nitrogen 384

Since this compound was produced in an argon
atmosphere, the presence of the mitrogen 1s diffi-
cult to understand.
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ANP REACTOR DESIGN -
CERAMIC REFLECTOR

An efficient and economical material 1s required
for use as a reflector-moderator for a liquid-cycle
aircraft reactor, and 1t was suggested that a glass-
bonded beryllium oxide material be considered.
The material should have nearly zero porosity and
should contain a minimum of 60 mole % beryllium
oxide. The glass forming the bond should also
contain a small amount of beryllium oxide, con-
sistent with viscosity requirements for fabrication.
Simulated mixes of soda-lime-silica glasses and
silica sand were fabricated on a small scale, and
it was found that such a material could success-
fully be prepared. There were small air bubbles
in the initial lots prepared, but these could be
eliminated by suitable techniques.

Such a reflector could be cooled by sodium flow-
ing in metal pipes embedded in the glass-bonded
beryllium oxide. Once the glass-bonded beryllium
oxide had been poured into the shell and had
flowed around the cooling pipes, 1t would be
necessary that the temperature of the reactor shell
be maintained just above the annealing range of
the glass bond.

A sample of glass-bonded beryllium oxide was
prepared by the Ceramic Laboratory, and IBM
calculations for the efficiency of this material
were completed. The results are tabulated in the
following, along with results for other materials
for comparison

Critical Mass  Relative Neutron

Moderator

(relative units) Leakage
Be 10 0 00029
BeO 10 0 0025
BeO (aggregate) ~35 0 0104
Graphite (p = 1 87) 42 0 040
NaOD ~ 60 0 0023
D20 8 0 000092

The matrix composition was 75 mole % BeO and
25 mole % glass bond. The composition of the
glass was Na,00.25 BeO 2.5 $10,, the density
was 2.61. The above tabulation indicates that for
the ‘‘Fireball Reactor’’ design the proposed beryl-
lium oxide-glass mixture 1s somewhat better than
the best obtainable graphite (1.87 density), al-
though it 1s not so good as beryllium metal or
beryllium oxide.

Further studies will be made of this material.,
The devitrification tendencies of the glassy matrix
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and the corrosion effect of the glass on stainless
steel or other cooling-ptpe materials will be de-
termined. It 1s felt that although this material 1s
not so satisfactory as beryllium metal for an air-
craft reactor, it offers promise as an economical
moderator, and it 1s suggested that consideration
be given to it as the moderator-reflector for re-
actors for ships, submarines, terrestrial power,
etc., 1n which shield weight 1s not so critical as
in aircraft.

SLURRY FROM MAGNESIA CRUCIBLES

At the request of the Engineering Department, an
investigation was carried out on the production of
a slurry from used magnesia crucibles that can be
pumped. The investigation showed that the cruci-
bles should first be sized to a minimum of ]/8 n.
and then ball-milled with 30 to 40% water (based
on the total weight of the slurry). Approximately
1% (of the dry weight of the Mg0) of aluminum
nitrate should be added to retard settling. Agitation
1s desirable if the suspension 1s allowed to stand
over 1 hour, If the slurry 1s not processed for

periods of 6 hr or more, water should be added
from time to time to replace that which reacts with

MgO.

HIGH.TEMPERATURE X-RAY STUDIES OF
THORIUM AND HAFNIUM OXIDE

Several high-temperature x-ray photographs of
thorium and hafnium oxide were made. The thorium
films indicated no phase changes at 1500°C byt
suggested a possible cubic-lattice growth phe-
nomenon similar to that observed with cerium at
low temperatures. Further work 1s in progress.

According to the film obtained, hafnium oxide
remains monoclinic up to about 1600°C, but some
change occurs between 1600 and 1900°C. Further
work has been delayed because of the softening of
the cement holding the beryllium windows in the
camera, The investigations will continue as soon
as the windows are replaced. A series of tests
was made to determine the true black-body temper-
atures of the hafnium oxide specimens at the point
of x-ray beam contact. Similar tests will be made
on thorium,

HRP METALLURGY
E. C. Miller

WELDING AND FABRICATION SPECIFICATIONS
FOR STAINLESS STEEL AND PRESSURE
VESSEL STEELS

W. J. Leonard

The experimental work in welding various ma-
terials i1s incidental to the preparation of procure-
ment and procedural specifications adapted to the
requirements of the HRP and to the facilities
available in the Laboratory and in the Y-12 shops.
Welded plates of l-in.-thick type 347 stainless
steel have been sectioned and are being studied
by metallographic methods. These sections con-
tain welds of various filler rod stainless steels,
including type 347. Also, 1-in, plates of stainless
steel (type 347 and type AIS|I 1025 carbon steel)
were welded with type 347 stainless steel rod and
with a modified type 307 stainless steel rod and
sectioned for metallographic examination. At
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present, 2-in, plates of type 347 stainless steel
are being prepared for welding tests.

SURFACE HARDENING OF TITANIUM
FOR VALVE TRIM

A, R, Olsen T. W. Fulton

Efforts are continuing toward the development of
a suitable nitrided case on titanium valve parts
required by the HRE and engineering design groups.
Suitable surface hardness is obtained by heating
in a purified nitrogen atmosphere. The coating 1s
brittle, however, and must be kept thin to avoid
chipping.  This, in turn, makes 1t difficult to
finish the parts to obtain a leak-proof closure. Six
surface-hardened plugs are now being tested for
corrosion resistance in uranyl sulfate at 250°C,
Additional work will be done with harder alloys of
titanium as a base for the case. Other proposed



methods of surface hardening, including a carbo-
nitriding process, will be tried.

TITANIUM PARTS FOR PUMPS

E. S. Bomar A. R. Olsen
T. W, Fulton

Two model 100-A pump impellers have been
fabricated from RC-70 titanium, and one has been
operated successfully for a short time in a loop
test. Because the carbon content of the material
was somewhat above that generally considered
acceptable for welding, both plug welds and
titanium rivets were used to fasten the two parts
of each impeller.

The Y-12 shops have successfully machined a
thermal spacer and pump casing from RC-70 tita-
nium. The inlet and outlet pipes on the casing
have been welded in a dry box to produce radio-
graphically sound welds.

COOPERATION WITH HRP CORROSION GROUP

E. C. Miller A. R. Olsen
T. W. Fulton

In addition to the routine preparation and ex-
amination of specimens for the HRP static and
dynamic testing groups, special metallurgical
examinations and treatments are being made on
components exhibiting unusual behavior in cor-
rosive environments. Each examination or treat-
ment usually requires the planning of additional
corrosion tests to verify and further explore
tentative explanations. One study involves the
severe attack directly beneath a type 347 stainless
steel band that held the two parts of a type 304
stainless steel sample holder together. The
sample holder had been exposed to U02$04 so-
lution containing 100 g of uranium per liter at
100°C in a dynamic loop system for 1123 hours.
The attack made the metal more or less spongy
and appears to be a form of crevice corrosion
resulting from oxygen depletion of the solution
trapped between the band and the holder. Samples
taken from the holder are being subjected to various
heat treatments and metallographic examination to
determine whether possible sensitization of the
stainless steel may have played a part in the
attack. Titanium (T1-75) sample holders apparently
resist attack under comparable conditions, although
they show some severe localized tarnishing, which
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may be the beginning of attack, and some attack
in spots that is apparently related to inclusions in
the metal and not to the location of the bands., A
limited amount of work 1s being undertaken to
determine the effects of prior history — thermal,
mechanical, and chemical — of austenitic stainless
steels on the quantity, composition, and character
of the corrosion films that result from exposure to
various corrosive environments.

PHYSICAL METALLURGY OF TITANIUM
W. J. Fretague

Impact tests have been carried out on specimens
prepared from swaged and vacuum-annealed T1-75A
matertal. In addition to tests on untreated speci-
mens, the impact tests were carried out on various
specimens subjected to the following treatments
to determine whether, under the conditions of test,
sufficient hydrogen would be taken up to influence
the impact values or transition temperatures
1. exposure in loop A (dynamic) to UO,SO, so-

lution containing 300 g of uranium per liter and
pressurized with oxygen at 250°C for 100 hr,

2. cathodic treatment in 1 M H,S0, at 0.1 amp for

8 hr at 70°F,

same as treatment 2, but for 168 hr,

4, exposure in static bomb test to U02$O4 s0-
lution containing 40 g of uranium per liter and
pressurized with hydrogen and oxygen (750 psi
at room temperature) for ten days at 250°C
(pressurized every two days).

(98]

Additional samples are being prepared for exposure
in loops and in static in-pile tests, as well as for
miscellaneous metallurgical preparations. Impact
specimens of iodide titanium have also been pre-
pared by d-c arc melting in argon, followed by
swaging and vacuum annealing.

In considering the results obtained with com-
mercial titanium, 1t appears that the various treat-
ments to which the specimens were subjected in an
attempt to load them with hydrogen in aqueous
media at temperatures up to 250°C had little or no
effect on the transition temperature as compared
with untreated titanium tested at the same tempera-
tures, This observation 1s based on limited data
and should be considered as tentative until results
are available from specimens exposed for much
longer periods.

lodide titanium behaved in a very ductile manner,
even at temperatures slightly above the temperature
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of liquid nitrogen. No transition temperature was
found for 1odide titanium that was vacuum annealed
at 500°C. In fact, the impact energies recorded
for specimens from two separate melts of iodide
titanium, when tested at 196°C (liquid nitrogen
boiling point), were in the same range as those
obtained above the transition temperature on com-
mercial titanium T1-75A, Concerning the shape of
the impact curves for 10dide titanium, quite a bit of
the impact energy recorded by the testing machine
was absorbed in bending the specimen. As the
testing temperature was raised slightly above room
temperature (50°C), the iodide titanium specimens

were so ductile that they bent (without breaking
completely) far enough to permit the striking
hammer of the impact pendulum to slide over the
specimen. For this reason, all points above 20°C
on the curves for iodide titanium should be disre-
garded as quantitative values.

Work 1s progressing on a modified Sievert's appa-
ratus to prepare titanium-hydrogen alloy specimens
by heating the specimens in a purified hydrogen
atmosphere. This equipment will be employed to
prepare alloys of both commercial and iodide tita-
nium with hydrogen.

RESEARCH FABRICATION LABORATORY
J. E. Cunningham

PRODUCTION OF MTR FUEL AND
AND CONTROL ROD ELEMENTS

J. H, Erwin J. N, Hix

H. J. Wallace G. E. Cooley
G Goldston® R. G. Cardwell
E. R. Turnbill W. W, Proaps

Production of enriched uranium fuel and control
rod elements was maintained during the past
quarter at an all-time high. Besides completion of
the sixth and seventh reactor loadings, three new
loadings of ‘‘sweetened'’ elements (168 g of y23s
per unit) were fabricated according to specifica-
tions and forwarded to Arco. A reactor loading for
the three by nine rectangular MTR lattice consists
of 23 fuel and 4 control rod elements. Work on the
eleventh loading 1s 90% complete and on the
twelfth loading 60% complete.

A conventional metal slitter has been purchased
and placed into operation to further improve the
process for production of these fuel units. The
multicut shitter will be used to prepare the narrow,
thin-gage strip of aluminum-silicon brazing alloy
previously cut manually on a foot-operated shear.
In a test of a proposed drying-in-vacuum technique,
the time for the flux-drying operation was reduced
from approximately 3 hr to less than 45 minutes.

Inventory results on the third and fifth batches
of 7.5 kg of enriched uranium metal processed
show percentage gains of 0.09 and 0.14, respec-
tively, whereas the fourth batch showed a loss of
0.07. These over-all balances are drawn only after
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all the uranium contained in the samples, dross,
crucibles, etc., 1s recovered and placed back into
production channels,

MTR FABRICATION STUDIES
H. J. Wallace J. N. Hix

Experimental work has been initiated in an effort
to modify the present MTR fuel and control rod
elements for improved operational performance.
The studies are necessary for two reasons (1)
actual operational experience shows a deficiency
in Ak/k of approximately 6% of that of the calcu-
lated design value, and (2) the heavier-than-
anticipated load of in-pile experiments demand
additional reactivity.

Brazing-Flux Poisoning Experiments. Two ex-
periments were conducted to determine the amount
of flux entrapped during brazing and the extent to
which 1ts presence would poison the reactor. A
full-sized, dummy, aluminum fuel assembly was
fabricated according to standard manufacturing
techniques and carefully dissolved, the resulting
solution was then analyzed for the total lithium
content. Analytical results by the flame-photometer
method showed that the assembly contained 1.26 g
of lithium. Eutector-190 brazing flux contains
approximately 30 wt % lLithium plus chlorine. [f
this 1s assumed to be a typical unit, the lithium
present would reduce Ak/k by a factor of 2.7% in
the MTR lattice.



To further check the poisoning effect, a critical
experiment was performed in the Bulk Shielding
Reactor on an MTR fuel assembly before and after
brazing. The fuel plates used were taken directly
from the MTR production line. The element was
fastened initially by spot welding both the side
plates and combs to the outermost fuel-bearing
plates This procedure left the inner plates loose,
but their motion was limited to several thousandths
of an inch by the fixed combs and side plates. To
adapt the unit for test, a BSR end box was attached
to the lower end by the usual plug-welding-tech-
nique.

Since no calibration rod was available for the
Bulk Shielding Reactor, 1t was decided to measure
the poisoning effect of the entrapped brazing flux
by comparing i1t with the poisoning effect of gold
foil. The reactor was set up with the standard fuel
elements and was found to go critical with all
shim rods removed and the regulating rod at po-
sttion of 15.2 in., or almost all the way out. When
one of the standard elements was replaced with
the MTR test element, the regulating rod position
for criticality was found to be 8.7 inches. The
test element was then removed and gold foil at-
tached uniformly to the four sides of the element.
The element was reinserted and a new critical
position found. This procedure was repeated four
times, and in each case approximately 11 g more
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of gold foil was added. Table 18 gives the data
taken at each step.

The test unit was then disassembled, cleaned,
and reassembled by brazing. Care was exercised
during each operation to prevent damage and make
certain that the plates were assembled in the same
order as in the original assembly,

After brazing, the test element was again placed
in the Bulk Shielding Reactor and a new critical
position found. In the few days that elapsed be-
tween the nitial experiment and final test, the
reactor had not been taken above I/2 watt In power
and none of the elements had been changed, how-
ever, it was noted that the critical position of the
reactor, with all standard elements in, was 0.2 in.
higher than in the previous experiment, as indi-
cated in Table 18. By applying this correction to
the reading obtained with the MTR element, it s
seen from a plot of the data that the brazing added
poison to the element equivalent to 30.8 g of gold.
If it 1s assumed that this much poison Is added to
all elements for an MTR three by nine rectangular
lattice, the poison would be equivalent to 30.8 x 27
= 831.6 g of gold, or a loss in Ak/k of more than
3%.

Although the agreement between the two experi-
ments 1s fair, 1t should be pointed out that the
second test takes into account not only lithium
but also chlorine and the other relatively high

TABLE 18. CRITICALITY TEST DATA ON AN MTR FUEL ELEMENT BEFORE AND AFTER BRAZING

DATA ON UNBRAZED ELEMENT

Zero position of regulating rod 04n
Rod position for criticality with standard BSR elements 15.2 in.
Rod position for criticality with unbrazed MTR element 8.7 in
Rod position for criticality with unbrazed MTR element plus 11 11 g of gold 107 in
Rod position for criticality with unbrazed MTR element plus 22.36 g of gold 12.5 in
Rod position for criticality with unbrazed MTR element plus 33 49 g of gold 141 n
Rod posttion for criticality with unbrazed MTR element plus 44 60 g of gold 157 n.
DATA ON BRAZED ELEMENT
Zero position of regulating rod 0.4 n,
Rod position for criticality with standard BSR elements 15.4 1n,
Rod position for criticality with brazed MTR element 13.9 in.

True rod position with brazed element

139 -0.2 = 13.7 in.
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neutron-absorption ingredients contained in the
flux. Brazing studies are now in progress on new
bromide and fluoride-base fluxes that contain a
mintmum of hthium.

Another approach to the problem 1s to minimize
the amount of flux entrapped originally by adjust-
ments n the brazing cycle. A full-sized dummy
unit was brazed at a slightly higher temperature
for a somewhat shorter time. After the dummy was
dissolved, analytical results revealed that the
amount of lithium contained was reduced by a
factor of 2, or to 0.57 gram. More work along these
lines 1s I1n progress.

Design Changes to Adjust Vi o-to-V5; Rato.

Design changes in the thickness of the side plates
and aluminum cladding on the active plates have
been analyzed in an effort to reduce the Vy _o-to-

Va; ratio to less than 0.60. Pertinent data on
possible changes in the present MTR fuel element
are given in Table 19,

Full-size dummy units of the first and third
alterations were constructed, and no fabrication
difficulties were encountered. In fact, 1t 1s felt
that any one of the three alterations could be made
and put into production within a reasonable change-
over period. A dummy unit of the second alteration
was not constructed, because the fabrication
facilities are being fully utilized on other work.

Because of the added plate inthe third alteration,
the mechanical stability of the unit appears to be
about the same as that of the present standard
element. The gain in uranium content per assembly
that resulted from this added plate is attractive.

As a final check on the performance of the new

vnits, enriched uranium fuel elements for the first

a and third alterations have been constructed and
will be placed in service in the LITR,

FABRICATION OF REPLACEMENT ELEMENTS
FOR LITR

Nine replacement fuel elements and two control
rod elements were fabricated and delivered for
service 1n the LITR, A special active unit with
nine plates and a 1- by 3-in. cross-sectional
chamber running the entire length of the fuel was
prepared for PSI, The unit will be used in the
LITR to obtain a high virgin flux for exposure of
solid-state experimental samples.

MISCELLANEOUS FABRICATION WORK

J. H. Erwin W. A, McNeish
D. E. Rosson J. B. Flynn
L. A. Amburn

As in the past, the Metallurgy Division con-
tinues, on a small scale, the fabrication of metal
products for outside installations and other AEC-
sponsored activities. These products vary greatly
in nature, and because of the small quantity re-
quested, they usually require custom-type con-
struction. The major fabrication jobs completed
during the quarter are described in the following

1. Faifty grams of highly enriched uranium (93%
U235) was rolled to a uniform 3-mil thickness and
cut into strips 3 by 0.5 cm in area (minimum) for
the University of California Radiation Laboratory.

TABLE 19. DATA ON POSSIBLE DESIGN CHANGES TO LOWER THE
VH o-TO»VAI RATIO FOR MTR FUEL ELEMENTS
2

NUMBER - - vV, -TO-V
CLAD-.CORE-CLAD SIDE PLATE WATER GAP Al TO H20
OF THICKNESS THICKNESS (mils) keff ko
m
PLATES (mils) (in) e RATIO
Standard
element 18 20-20-20 0188 117 072 1266 | 1687
First
alteration 18 20-20-20 0125 1Mz 065 1278 | 1683
Second
alteration 18 15.20-15 0125 127 0 54 1300 | 1679
Third
alteration 19 15.20-15 0125 118 0 56 1.297 | 1 680
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2. One depleted (about 10 ppm U?33) yranium
disk, 1.960 in. in diameter by 9 to 10 mils in
thickness, was prepared for the Knolls Atomic
Power Laboratory.

3. Depleted and enriched uranium strips for
punching 3/“-ln.-dm disks, with the following speci-

fications, were prepared for the Brookhaven
National Laboratory
Material Thickness Area
Description (mils) (in 2)
U238 (99 98%) 651010 20
U233 (70 1o 100%) 6 to 7 4
U235 (70 10 100%) 12 1013 4
u238 (1 02%) 8 tol0 20

4. Ten grams of highly depleted vranium (0.006%
U235), 3 mils in thickness and 1 to 2 cm on a
side, was prepared for Canada in connection with
the Technical Cooperation Program.

5. One thousand normal uranium-aluminum alloy
J slugs of 7.5% uranium content were produced for
dissolving studies by the Chemical Technology
Division.

6. One enriched (93% U?3%) and one depleted
(0.006% U?33) uranium metal disk, 1 in. in diameter
and 6 to 5 mils in thickness, was prepared for the
Van de Graaff generator studies at ORNL,

7. Two kilograms of normal uranium-aluminum
alloy pellets containing 11 wt % uranium was
prepared from extruded ]/4-m.-d|a bar for North
American Aviation, Inc.

URANIUM FUEL PLATE PROGRAM
FOR DuPONT

J. E. Cunningham R. J. Beaver

G. R. Caskey

A cooperative program has been initiated at
ORNL to give technical assistance to Du Pont on
their long-range fuel plate development project.
The purpose of the work 1s to evaluate the suita-
bility of uranium metal plate, produced by the best-
known techniques, for service In future reactors at
SRO.

The fabrication phase of the program consists,
essentially, of preparing 12 cast uranium ingots.
Eight of the ingots are to be hot rolled within a
closely controlled temperature range and finished
under four different conditions, namely, hot rolled,
hot rolled and beta heat treated, hot rolled and
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cold reduced 4‘/2%, and hot rolled, beta treated,
and cold reduced 4‘/2%. This work 1s approximately
90% complete.

Melting and Casting. Twelve castings have been
prepared. Reactor-grade uranium was melted 1n
magnesia crucibles and poured into graphite molds
by tilting the crucible. All operations were con-
ducted under vacuum with a pressure of less than
200 p and, in most cases, at a pressure of 50
microns. Except for the bottom ]/2 in., the surfaces
of the castings were good. This portion, as well
as the top section of the casting containing the
shrinkage head, was cropped. It was not necessary
to overhaul the billets.

Hot Rolling. The desirable temperature range
for rolling was specified as 595 to 650°C. In order
to determine whether the temperature could be
controlled within these limits, an experimental
vranium billet 3 by 4 by ]‘/2 in. thick was rolled.
A chromel-alumel thermocouple was inserted into
the billet so that temperature variations throughout
the rolling and heating sequences could be fol-
lowed. The billet was heated to 630°C in a mixture
of 35% lithium carbonate—65% potassium carbonate
and rolled on the two-high, standard, 6- by 10-in.
mill with 10% reduction per pass. When the billet
was finished at 0.200 in. in thickness, the recorder
indicated that the thermocouple had failed on the
last pass. It was ascertained from the data, how-
ever, that the heat generated during rolling was
offset by the cooling effect of the rolls, and the
over-all effect was simply that of arresting the
cooling curve. It was concluded that the tempera-
ture of the billet never exceeded 650°C.

Two valuable sets of data were obtained from
this experiment. Figure 26 shows the minimum
reheat time required for uranium plate of varying
thickness to again reach 630°C. Figure 27 shows
the maximum permissible time between the salt
bath and the rolls for uranium plate of varying
thickness to be rolled at 600°C.

The twelve regular billets were hot rolled to the
proper thickness from the salt bath, which was
maintained at 630°C. Four of the 0.220-in.-thick
plates were subsequently cold reduced 4%. A
number of impressions, which were attributed to
the lumps of salt, was noted on the plate surface.
The other eight plates were sheared longitudinally
and straightened in the tensile machine. The
amount of plastic deformation required for straight-
ening varied between 0.5 and 1.3%.
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Samples will be cut from the plates for chemical,
metallographic, and x-ray analysis and for thermal-
cycling tests. Ultimately, dimensional stability
of the material under irradiation will be investi-
gated.
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Fig. 26. Minimum Reheating Time Required for
Uranium Plate of Varying Thickness to Reach
630°C in Salt Bath.
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Fig. 27. Maximum Permissible Time Between
Removal from Salt Bath and Rolling in Order to
Roll Uranium Plate of Varying Thicknesses at
600°C,
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