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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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, METALLURGY
Under the direction of F. H. Spedding, H. A. Wilhelm,

B. A. Rogers, 0. N. Carlson, P. Chiotti,
D. Peterson, and J. F. Smith

l. Purification and Separation Studies

1.1 Niobite-Tantalite Ore Treatment (1)*

Werk on treatment of these ores has continued on laboratory
test scale in an effort to determine optimum conditions for the
basic fusion treatment. However, one relatively large batch of
the ore was treated and some difficulties were met that were not
evident on the small scale tests,

The large batch was 20 pounds of an ore concentrate containing
between 60 and 70 per cent of combined niobium and tantalum oxides.
The total charge included also 16 pounds of NaOH and 8 pounds of
NasO,. The reaction was carried out in an iron crucible at
650°C for about one-half hour. Following this treatment the product
was leached with 1M NaOH solution and the residue treated with
dilute HCl. It was found here that filtration to recover the
acid oxides from the iron, manganese and other impurities in the
HCl solution was exceedingly slow. Further work will have to
be done to eliminate or speed up this step for larger scale operations.

Some work was done on the pessible use of potassium compounds
a8 substitutes for sodium compounds in the basic fusion. Combina-
tion of KOH with and without oxldizing agents showed the KOH with
K0103 gave the best reaction with this particular ore.

1.2  Separation of Niobium and Tantalum by Liquid-Liquid
Extraction (1)

The separation of niocbium and tantalum salts or their acids
has been accomplished by liguid-liquid-extraction when employing
various water-immiscible organic solvents. It was observed that
contacting an agueous HF solution of niobium and tantalum with
various ketones, alcohols, esters, aldehydes; ethers, organic
phosphates, organic phosphites and amines resulted in a preference
for tantalum to tranafer to the organle phase. At the present
time experiments have shown that a batch extraction consisting of
three contacts. can produce guite pure tantalum and niobium with
greater than 96 per cent recovery of both. Partial or complete
neutralization of the excess HF with various amines has also

Numbevs indicate group 1eaders in charge of work See Appendix
III. I —
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yielded stable systems which could be tested in glass equipment. A
ten-stage countercurrent extraction ylelded niobium and tantalum
products containing less than 300 ppm of each other.

In order to partially reproduce a simulated column experiment
five separate bateh extraction tests were performed in an effort
to prepare pure tantalum and nicbium. The initial aqueous phase
in all these tests was a 22 per cent Master Feed-1 dilution (see
- ISC-423), Equal volumes of organic and aqgueous phaseswere employed
for each contact. All percentages of niobium and tantalum are
given in respect to the combined tantalum and niobium oxides, with
minor impuritles being disregarded.

In the first batch extraction test the agueous HF solution of
niobium and tantalum was contacted three separate times with virgin
~diethyl ketone. The eguilibrium organiec phase from the first

contact contained about 40 per cent of the tetal starting weight
and analyzed 0.12 per cent NboOg. In the second organic contact
8.8 per cent of the total start?ng weight was transferred and an
analysls showed that it contained 0.35 per cent Nb205. Combination
of these two organic portions resulted 1n about a 96 per cent recovery
of the total tantalum having an analysis of 0.15 per cent NbyOg.
Since the agueous phase product after two contacts with diet%y? ketone
analyzed about 3.7 per cent TaQO a third extraction with diethyl
ketone was made., This extraction resulted in another 1.8 per
cent of the total starting weight being transferred to the third portion
of the organic. This portion analyzed about 75 per cent Ta205°
The residual agueous phase product contained better than 99
per cent of the starting weight of NbEO,‘and analyzed approximately
1.0 per cent TapOg. Further contacts of "this agqueous phase with
diethyl ketone would probably have yilelded pure niobium.

Further experiments have shown that addition of a slight
amount of HF to the agueous phase before the third extraction with
diethyl ketone improves this separation. The addition of about
0.7 mole of HF per liter resulted in the recovery of 99 per cent
of the total niobium, analyzing less than 300 ppm tantalum, and 96
per cent of the total tantalum, analyzing 0.15 per cent niobium,
by three consecutive contacts in a batch extraction. It was also
found that the use of isophorone without addltional HF for the
third contact of the aqueous phase gave results comparable to
those obtained by diethyl ketone in the presence of added HF.

The main disadvantages of this HF system 1is 1ts corrosive nature
toward glass and most metals. Consequently, various amines were
added to the BF solution of niobium and tantalum to neutralilze
the acid. A great variety of results were obtained. Addition
of dibutyl amine, tributyl amine, tertiary octyl amine, phenyl-
hydrazine, aminohydroguinone dimethyl ether or aminohydroquinone
diethyl ether caused immediate precipitation, When aniline,
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m-toluidine, o-toluidine or o-tolyl propanolamine were added to

the aqueous phase, a second phase appeared at a pH of from 4 to

6. These partially neutralized aqueous solutions were not
indefinitely stable since precipltates formed slowly on standing.
Solutions that were indefinitely stable were obtained by adding
monoethanolamine, diethanolamine, triethanolamine, 3-aminopropanol,
aminoethyl ethanolamine or diethyl ethanolamine to the HF solution
of niobium and tantalum. For the first aliphatic alcohol-amine

of this series a pH of 7.5 was reached before precipitation started
while for the rest of these compounds no precipitate formed when

a pH of from 9 to 10 was reached. Phenyl ethyl ethanolamine,
phenyl diethanolamine and m-tolyl diethanol amine formed a second
phase at a pH of from 4 to 6 when added to the HF solution of
niobium and tantalum. This partially neutralized aqueous solution
appears to be indefinitely stable. Corrosion studies on most of
these neutralized or partially neutralized aqueous solutions of
niobium and tantalum indicated that at a pH of 4 or higher continuous
single or multistage extractions could be performed in glass
equipment without appreciable attack.

Many single stage extractlions employing completely or partially
immiscible organic phases were performed on these amine-neutralized
solutlions of niobium and tantalum. The same relative trends
resulted for these systems as were reported for the amine free
HF solution of niobium and tantalum. Ketones in general were
superior to alcohols, aldehydes, esters, organic phosphates
and ethers for the separation of tantalum from niobium. However,
both separation factors and mass transfers were lower for the
amine-hydrofluoric acid systems than for the corresponding amine
free hydrofluoric acid systems.

A ten-stage countercurrent extraction was carried out employing
an HF solution of niobium and tantalum which was saturated with
phenyl ethyl ethanolamine. Tem milliliters of this feed solution con-
taining the equivalent of 112 g of the combined niocbium and
tantalum pentoxides per liter was introduced at stage five of
the extractor for each cycle. Thirty milliliters of diethyl
ketone which constituted the organie scrub were introduced for each
cycle at stage one. The aqueous scrub was a 0.53M HF solution
saturated with phenyl ethyl ethanolamine. Five milliliters of the
agqueous scrub per cycle were added at stage ten

Approximately 20 cycles were required for the agueous and
organic product phases to reach essentially steady state based on
total oxide concentrations and niobium-tantalum analyses. The
niobium in the aqueous product contalned less than 300 ppm
tantalum while the tantalum in the organic product analyzed 100
ppm niobium. The mass transfer to the organic phase was about 52
per cent of the total weight. A qualitative analysis of the
product's phases lindlcated that most of the impurities remained in
the aqueous phase. o . %
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Some exploratory work on extractions involving a potasslum
hydroxide solution of nicblum and tantalum indicated that niobium
might be preferentially extracted by an organic phase containing an )
amine and a ketone, .

1.3 Studies on the Separation of Titanium from Niobium (1)

Results from previous experiments indicated that a separatlion
of titanium from niobium could be obtained by extraction of an
agqueous hydroflucric acid solution with various organic solvents,
Analysis indicated that tributyl phosphate gave the best separation
of the various organic solvents tried. 1In order to check the
above results and also to determine the effect of the hydroflueric
acid concentration on the extraction employing tributyl phosphate,
a series of experiments was performed in which the hydrofluocric
acid concentration was varied. The results of these experiments
gave separation factors considerably lower than those found in the
previous experiment, indicating some possible error in the results
of the first experiment. The results of these experiments do;
however, indicate a better separation and increased transfer wlth
increasing HF acldity.

“a

The separation of titanium from nicbium by liguid-liquid extrac-
tion from a basic solution has also been attempted. Before contact .
with the organic solvent citric acid was added to the agueous
phase to facilitate transfer to the organic phase.

In order to find the amount of citric acid required to gilve the
best transfer, potassium hydroxide solutions of nloblum, tantalum and
titanium containing variocus amounts of c¢itric acid were contacted
with an immiscible organic solvent. Results showed that a transfer
of niobium, tantalum and titanium was not obtained unless enocugh citriec
acid was added to give a slightly acidic aqueous solution (pH 6).
Results from these experiments also showed that a better transfer was
obtained at a pH of 3.0. In order to couserve the amount of citric
acid used, experiments were performed to determine if an inorganle
acid could be used to acidify the solution, after addition of the
c¢itric acid., The results of these experiments showed that hydro-
chloric ascid could be used to acidify the solution, if the solution
was first neutralized with citric acid. However, difficulty was
encountered in attempts to precipitate compounds of the metals from
the potassium hydroxide soluticn that had been neutralized with
citric acid.

1.4 Studies on the Separation of Hafnium from Zirconium (1)

Work was continued on extraction from an agueous zirconium
sulfate solution whieh contained about 2.5 Per cent hafnium. Ketones
such as methyl ethyl, diethyl, and diisopropyl, similar in structure
to hexcne, were used. They were each contacted with the above :
zirconium sulfate solution which was 2 molar in titratable sulfurie

.
seccoe
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acid and 6.6 molar in ammonium thiocyanate. The amount of transfer
to the ketcone phase appeared to be influenced somewhat by the
number cf carbon atoms on the ketone. It was found that as the
number of carbon atoms was increased in the aliphatic ketones the
amount of transfer to the organic phase diminished. The best
separation was obtained with methyl ethyl ketone. Isophorone also
exhlbited good separation properties. The percentage by weight

of hafnium left in the agueous phase after contacting once with
methyl ethyl ketone was 0.5 per cent when the aqueous phase originally
contained 2.5 per cent HF in the zirconium. Similarly, it was 0.4
per cent after contacting with isophorone.

Exploratory work was begun on the use of branched chain amines
added to organic solvents to make the organic phase for liquid-
liquid extractions of hafnium from zirconium. These solutions were
contacted with an acid aqueous zirconium sulfate solution which was
0.5 molar in zirconium sulfate. The extraction behavior varied
some with the type of organic solvent used with the amine.
in the organic phase and the amount of HpSOy added to the aqueous
phase. A number of the immiscible ketones such as hexone served
quite well as a solvent. Sulphuric acid concentrations of less than
1M were definitely inferior to the 2M and higher concentrations for
hafnium separation.

1.5 Separation of Small Amounts of Zirconium from Hafnium (1)

A small acale production extraction has been started and it is
hoped that approximately 100 pounds of hafnium containing less than
30 ppm of zirconium can be prepared. The starting material con-
tained approximately three per cent zirconium. A 17 stage extractor
1s being employed on & system involving a tributylphosphate extraction
of an aqueous nitrie acild solution of hafnium oxychloride. The
extraction will require several hundred cycles in turning out
between 6 and 7 pounds of the purified hafnium element per day.

2., Preparation of Pure Compounds

2.1 Preparation of Hafnium Tetrafluoride (2)

Hafnium fluoride has been prepared by the addition of aqueous
hydrofluoriec acid to a hafnium oxychloride-oxynitrate salt mixture.
This mixture was obtained by crystallization from the aqueous
phase of the liquid-liguid extraction in which the zirconium
is removed in the organic phase solution. Complete conversion v
to the hydrated hafnium fluoride has been obtained using either 48
per cent or 70 per cecent hydrofluoric acid. The precipitate of
hafnium fluoride monohydrate is white, granular and easily
filtered from its mother liguor. The hydrated fluoride was air
dried at 70°C and then placed in a wmagnesium-lined rotary
hydrofluorination furnace for 3 hours at 250°C and 5 hours at
400°C and the hydrate thermally decomposed to the anhydrous hafnium

» o sss oo
. o .
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tetrafluoride in an anhydrous hydrogen fluoride stream, The
fluoride prepared in this manner contains less than 100 ppm of
zirconium.

2.2 Preparation of Rare Earth Fluorides (2)

Cerous fluoride was prepared in quantity by the addition of
solid cerous chloride hexahydrate to 70 per cent hydrofluoriec acid.
The reaction was carried out in large scale Kemplas plastie
equipment. The reactants were stirred and allowed to cool. The
precipitate of cerous fluoride is slightly gelatinous and a
prolonged filtering time was reqmired in order to obtain a solid cake.
The fluoride was air dried at 70°C to drive off adhering molsture.
This fluoride was then heated for eight hours at 300°C in a stream
of anhydrous hydrogen fluoride to assure a completely anhydrous
product.

, Lanthanum fluoride was prepared in quantity by passing
anhydrous hydrogen fluoride over lanthanum oxlde. Lanthanum
oxalate was calcined at 600°C to lanthanum oxide. The oxide was
then placed in the stationary hydrofluorination unit and anhydrous
hydrogen flucoride passed over it for three hours at 300°C and

five hours at 550°C. This treatment ylielded lanthanum fluoride
with better than 99 per cent conversion,

2.3 Preparation of Thorium Tetrachloride (5)

The preparatlion of thorium tetrachloride was continued with the
object of making the process more rapld and, if possible, continuous.
Since thorium dicarbide is much more dense than a mixture of fthorlum
oxlde and carbon, it appeared to have the advantage of reducing
the bulk of the charge. However, chlorination of thorium carbide
left a voluminous residue of carbon., Apparentily the carbon in the
thorium carbide did not react with the chlorine and all remained
as a residue. As a result, the chlorination of thorium carblide was
discontinued. The chlorination of thorium oxide and carbon
mixtures was improved by reducing the molar ratio of thorium
oxide to carbon to one to two. Chlorination of mixtures with this
ratio left a residue of less than two per cent of the original charge.
A larger furnace will be designed and bullt for this chlorination
process,

2.4 Preparation of Vanadium Chlorides (5)

The preparation of lower chlorides of vanadium by hydrogen
reduction of vanadium tetrachloride was investigsted. Refluxing
vanadium tetrachloride with hydrogen resulted in formation of a solid
containing vanadium tetrachloride and a solld vanadium chloride.
After the unreduced vanadium tetrachloride was removed, the
residue was heated under an inert atmosphere. At about 450°C,
additional vanadium tetrachloride was evolved, probably by
interaction of vanadium trichloride. Vanadium tetrachloride was
reacted with hydrogen at 600°C to give & violet solid which had a
chloride-to-vanadium ratio of,2.5.-. The preparation of lower

45
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vanadium chlorides by hydrogen reduction of the tetrachloride does
not seem to be promising.

3. Metal Preparation 3tudies

3.1 Preparation of Rare Earth Metals (2)

Cerium metal was prepared by the reduction of cerocus fluoride
with caleium. A bomb reductlion process was employed in this
preparation using an lodine booster and a caleium fluoride
liner. Reductions were made on half-pound, 2-pound and 10-pound
reduction scales with yields of 90 to 95 per cent metal. By
varying the amount of iodine from a 1:2 to a l:l ratio with
respect to the weight of cerous fluorilide used, no significant varia-
tion in the yield or quality of cerium metal was apparent.

Lanthanum metal was also prepared in the same manner as was
cerium metal. Reductions have been carried out on the half
pound scale with only slightly lower yields (85 to 82 per cent).
The metal produced analyzed 99.5 per cent lanthanum.

3.2 Preparabtion of Vanadium from Oxide (1,2)

A study of the reactions of carbon with vanadium oxides was
undertaken with a view of determining the manner and temperature
at which reduction to lower oxides takes place. The obJective was
to find a practical method of reduction of vanadium pentoxide to
a lower oxilde by reaction with carbon and eventuslly te reduce
the cost of preparing vanadium metal.

Vanadium pentoxlide and carbon black, intimately mixed, were
heated in a zirconium oxide crucible under vacuum. At 650°C an
abrupt increase in pressure was noted with considerable amount of
the powder mixture being blown out of the ecrucible. Upon continued
heating a similar pressure inerease was noted at 860°C. Heating of
the charge to 1200°C produced no apparent further reactions. Some
»V%O was reduced by hydrogen to VoOy (possibly containing some V203),

18 materisal mixed with carbon was similarly heated and gave no
oviggn@e of reaction at 650°C but a pressure increase was noted
at o°c¢,

One explanation of the above observations is tnat V.
reduced by carbon to VpOy at 650°C. and this to VpO %68

Chemical analyses of samples taken after the varlous reacti@n

stages were not coneclusive in defermining the true nature of

the products. This may be due to the impure Vg. used, incomplete
reactions or instability of some of the lower oxides in air.

X-ray diffraction data show that V005 has been changed into a completely
new phase at 650°C., This phase has & pattern identical to that obtained
from the Vo0y prepared by hydrogen reduction of V205
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The direct reduction of vanadium pentoxide to metal by carbon
showed some promise, Mixtures of the oxlde, carbon and another
oxide such as calcium oxide or barium ocxlde gave metal powder
when heated in a vacuum to about 1500°C. The powder, when arc
melted, usually showed a microstructure indicating the presence of
carbide. The metal was very hard and brittle.

A considerable amount of second phase impurities is generally
observed in the microstructures of bomb-reduced vanadium and these
are believed to greatly affect the ductility of the metal. Chemical
analyses showed about 1000 ppm of both nitrogen and carbon in the
metal. A method of purifying the metal was attempted by arc-melting
the impure vanadium metal with the oxide of vanadium or of a volatile
metal in an effort to remove the carbon by reaction to form carbon
monoxide, Small additions of V205, VQOB’ MgC and Cal were tried
with no apparent decrease in the carbon™impurity.

3.3 Studies on the Preparation of Niobium (1)

Niocbium pentoxide can be reduced with a mixture of calclum
and gluminum. If excess aluminum 1s used, massive metal results
which is a niobium-aluminum alloy and very brittle., It is
difficult to remove the aluminum from this alloy, so various
other metals have been tried, both in co-reductions and as metal
agdditives to the bomb charge, in an attempt to produce massive
metal without aluminum. So far no satisfactory additive metal
has been found. :

To test the possibility of co-reduction of uranium and niobium
to produce a niobium-rich alloy, a charge was made up calculated to
produce an alloy of 7 per cent uranium-93 per cent niobium. No booster
was used, and no evidence of reaction could be found inside the bomb.
A similar charge was used in a second run except that a sulfur-
calcium mixture was added to boost the amount of heat produced in
the bomb reactions. A button of massive metal and several small
drops of metal were formed. The one button weighed 50 per cent of
the calculated yleld, But instead of belng 93 per cent niobium as
expected the button analyzed 96.55 per cent niobium,

"~ As reported earlier, co-reduction of lead dioxide and niobium
pentoxide gave promising enough results to warrant further
investigation.

.Several reductions were made, each one producing massive
metal in the form of drops. The largest yield (48 per cent)
was produced by the reaction in which sulfur was used as hooster and
no lead was present. Ancther charge was made up by substituting
potassium chlorate for the sulfur in a no-lead reduction. This
reduction produced a button weighing 36 per cent of the theoretical
yield. The lead oxides, 1t seems, serve essentlially as thermal
boosters. :

*e 200 o ... . . N
. L .. L&
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3.4% Preparation of Hafnium Metal (2)

Hafnium metal has been prepared by the reduction of hafnium
tetrafluoride with caleium. A bomb reduction process was used
for this preparation. The charge consisted of hafnium tetrafluoride,
the caleium reductant, an lodine booster and metallic zine. The
bomb wall was lined with calcium fluoride.

The zinc content and iodine ratio were varied in a series of
reductions to determine optimum conditions. Zine intermediate
alloys containing 16 to 35 per cent zinc all gave a massive
metal product but often the ylelds were poor and the resulting
alloy was porous and slag filled. Present indications are that
impurities in the tetrafluoride are largely responsible for these

difficulties.

When the alloys were heated in a vacuum to 1700°C-1900°C the
zinec was removed quantitatively with less than 20 ppm zinc
remaining in the metsl,

3.5 Preparation of Thorium Metal (5)

The investigation of the reduction of thorium tetrachloride by
magnesium was continued. The use of purified magnesium metal and
better quality thorium chloride resulted in preparation of thorium
metal by this process which was eguivalent in purity to that produced
by caleium reduction of thorium fluoride. To evaluate the effect
of the purity of the therium tetrachloride om the quality of the
thorium metal produced, the preparation of thorium tetrachloride on
a larger scale will be necessary.

k., Alloy Studies

4.1 Uranium-Zine System (6)

Determination of the liguidus for the U=Zn system by heating
zinc in contact with uranium at various temperatures, followed by
chemical analysis of the melt, has given inconsistent results. This
is believed to be due to cracking and scaling of the diffusion
layer formed between the zine-rich melt and the uranium. Micro-
scopic examination of these alloys shows solid particles which evidently
have been carried out inte the liquid phase. Therefore samples
of the liquid phase would be expected to give. uranium analyses which
are too high. Attempts are being made to overcome this difficulty.

Thermal analysis and preparati@niQf alloys melting above
900°C present the same difficulties as the preparation of the
corresponding Zr-Zn alloys. Previously reported evidence of more
than one compound in the U-=Zn system has not been substantiated.

sesove
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Alloys containing up to 15 weight per cent uranium show good
corrosion resistance to boiling water. These alloys consist of a
vranium-zine intermetallic phase in an essentially pure zinc matrix.

4.2 Uranium-Silver System (2)

Research on the uranium-silver liquid immisclbility system has
been undertaken principally to establish accurately the solubility
of silver in the uranium liquid layer. Published literature,
NBS-D-121, has reported a eutectic in the silver phase containing
.3 per cent uranium which lowers the melting point of silver 10°¢C.

[ ¥4

A monotectic is reported in the uranium phase at 1132°C at the composi-

tion 0.23 weight per cent silver.

The present investigation has consisted of heating sllver and
uranium toegether under one atmosphere of helium, in Mg0®, Zr0,
and Ta crucibles using self-induction heating to assure adequate
stirring. The liquid layers were held at 1130°C or higher in a
resistance furnace to allow complete separation of the two liquids
and then cooled rapidly te room temperature. Chemical analyses
were then performed on each layer. The following table lists the
analytical results obtained thus far.

: Table 1.
Liguicd Solubility of Silver in Uranium

Chemical Analysis (Wt. %)

Type of Heat Treatment

Crucible Silver Phase Uranium Phase
U Ag U Ag
MgO 99.95 99.55 0,03 Mixed by induction
heating. Held at
1134°¢ for 1/2 hr
and ‘quenched.
Ta 4 45 95 .50 97.7 1.38% 1Induction mixed.
Heated at 1200°C
for 3/4 hr and
guenched. )
Zr0s | 98.95  100.15  0.05 No induction mixing.
. Heated in resistance
furnace at 1240°C for
2/3 hr and quenched.
Zr0p 4,00 95,90 99.85 0.04 Induction mixed.

Held at 1240°C for
3/4 hr and quenched.

*u phase contained occluded A~
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These results indicate that the solubllity of silver in the
uranium phase is clese to 0.05 weight per cent Ag at the monotectic
temperature although more experimental evidence is needed. The
possibility that there has been inadeguate mixing of the two liquids
will be investigated.

4.3 vVanadium-Aluminum Alloys (2,4)

) The physical properties of vanadium-rich alloys of aluminum

were investigated during this period. The physical properties
investigated were melting points, hardness, malleability, and
sorroesion behavior,

/ Specimens containing zero teo 24 per cent aluminum were prepared
by arc-melting high purity aluminum with bomb-reduced vanadium
under an inert helium atmosphere. They were then annealed at 900°C
for 144 hours in vacuum,

Aluminum was found tc harden vanadium quite appreciably, increasing
from Rockwell A-45 for unalloyed vanadium to A-T0 for the higher
aluminum compositions (see accompanying table). None of the alloys
including the pure vanadium could be cold reolled without ecracking.

The presence of carbide and nitride impurities is believed
"responsible for the lack of ductillty and so the effect of aluminum
may not be as deleterious as these tests would indicate.

The melting temperatures were determined for each of the alloys
in order to determine more accurately the vanadium-rich seclidus in
this system., The temperatures at which liguid first appears upon
heating were determined and are also reported in Table II.

The alloy series waz corrosion tested in super-heated steam at
320°C for periods of 100, 260, 620 and 1000 hours. After each
time interval the samples were examined and weighed. No measurable
welght changes were observed in any of the alloys.

phases of the Al-V system is in progress. Pure ~phase Al-V has
been prepared by annealing an arc-melted Al-V alloy containing 6.7
per cent by weight of vanadium for 175 hours at 710°C. After the
annealing the aluminum matrix was dissoclved with agueous NaOH. The
residue consisted of fine ecrystals of -phase Al-V. Chemical
analisis of this material showed the weight content of vanadium to
be 24,11 % 0,18 per cent. The theoretical vanadium content of

AlgV 1is 23. 9@ per cent. Thils substantiates the results obtalned by
Kenney, et al* on the identifi@ati@m of the ﬁ?aphase as A16V

Work on the detsrmination of the structures oggtne intermetallic

Kenney, D. J.,H. A. Wilhelm and 0. N. Carlson, U. S. Atomic Energy
Commission Heport No. ISC- 353 (June, 1953).

.
~ .
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Table II :
Hardness and Melting Temperatures of Vanadium-Aluminum Alloys

Composition Hardness Melting Temperature
% Al Rockwell A °C
0 bl - 1843
0.79 | 55 1890
1.73 47 1873
2.77 55 1865
3.67 55 | 1875
4,66 56 | 1853
9.00 : 67 : 1855
13.4 67 v ' 1825
18.5 69 1815
23.8 too brittle 1758

X-ray diffraction patterns show that the crystal structure of
tgis phase is hexagonal with space group symmetry Cbme, Cb2¢c, or
\ 0 0
Cqpme. The lattice parameters are ¢ = 17.12 A and a 2 7.75 A.

These values of the parameters and the wmeasured density give a value
of eight formula-weights per unit cell.

Intensity data have been}taken for hol, hhl, and hko reflections.
From these data the following Patterson projections have been
made: P(x,z), P(x+y,z), and P(x,¥).

4.4 Tantalum-Vanadium System (2)

It has been previously established that the Ta-V system
consists of a series of solid sclutions at elevated temperatures
and that a sigma-type compound exists at lower temperatures.
Further work has been done in outlining the phase boundaries for
the system. Microscopic examination and x-ray diffraction
patterns of alloys which have been annealed at 900°¢C for 170

ss00se
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hours locate the intermediate phase between 60 and 70 weight per

cent tantalum. Powder patterns of the 60 and 70 per cent alloys
contained 22 lines which were indexed on the basis of an orthorhombic
cell ag = 5.05 kx, b, = 4.13 and ¢, = 3.57. No lines corresponding
to the body-centered cubic phase were detected.

High temperature x-ray studles using a Norelco Diffractometer
were made on a 62.5 weight per cent tantalum alloy in an effort to
establish the upper boundary of the sigma phase region. At 1035°C
the orthorhombic phase only was identified but at 1235°C peaks
corresponding to the body-centered cubic solid solution phase
appeared, along with reflections from the orthorhombic phase,

At 1330°C the only phase present was body-centered cubic solid
solution., A similar experiment on a 72.5 per cent Ta alloy
indicated the boundary line between the two phase, sigma plus solid
solution region and the single phase solid sclution region lies in
the range 1310° to 1335°C.

4.5 Thorium-Carbon Alloy Studies (6)

The temperature dependence of the electrical resistivity of
thorium alloys in the composition range up to 2.0 weight per cent
carbon has been investigated. These results have revealed the
effect of carbon on the thorium transformation for temperatures up
to 1600°C and for carbon conecentrations up to 0.25 weight per cent.
At higher temperatures and concentrations the results of resistivity
measurements have not been amenable to unambiguous interpretation.

X-ray diffraction data have been consistent with the results
obtained from electrical resistivity measurements. Attempts to
establish the solubility limits of carbon in thorium in the
temperature range of 800 to 1600°C from x-ray diffraction data have
been complicated by apparent contamination of the samples with
carbon, The source of carbon contamination is uncertain but it may
be due to back diffusiom of oil vapors from the oil diffusion
pump used in evacuating the high temperature x-ray camera. The
liquid nitrogen trap used in the system is apparently nof completely
effective in condensing all of the oil vapors from the diffusion
pump. Plans are being made to substitute a mercury diffusion pump
for the oil diffusien pump in an effort to eliminate this
difficulty.

4.6 Uranium-Niobium System (3)

The investigati@n of the uraniummniobium diagram has been
continued. Additional evidence concerning the supposed diagram-
wide solid sclubility at high temperature was obtained from x-ray
powder patterns of alloys quenched from 1000°C. The 40, 50 and
60 per cent niobium alloys all had simple bedy-centered cubic
structures plus a few lines identified as UOs.

seoow.
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Specimens ranging from 0.25 per vent to 95 per cent niobium
have been quen@hed from three temperatures in the interval from
720 to BG0°C and examined under the microscope. The number of
phases observed was in general agreement with a partial working
diagram set up some time ago. However, these results neither
confirmed nor disproved the idea of dlagram-wide solid solubility
below the solidus line.

Work with the dilatometer has been resumed. A vacuum instrument
has been adopted for the measurements because the specimens develeoped

coatings in the supposedly uneutral argon atmospheres of the apparatus

used previously.

4.7 2zirconium-Niobium 3ystem (3)

The zirconium-niobium system appears to be a comparatively
simple one., The two elements have complete mutual sollid solubility
below the solidus line but the solid solutlion decomposes at lower
temperatures. During the guarter, considerable progress was made
in establishing the boundary lines Iin the lower portion of the
diagram. X-ray powder patterns have been of great assistance in the
determination of these boundaries, Resistance-temperature gr@phs
and dilatometric curves proved to be very useful also.

4.8 Zirconium-Vanadium System (3)

Zirconium and vanadium also form a relatively simple system.
The diagram has an intermetallic compound near the center with a
eutectic on the zirconium side and a peritectic arrangement on the
vanadium side. The transformabtion in zirconium gives rise to a
eutectoidal horizontal.

A few melting point determirations that were made early in

S the guarter ylelded additional points on the solidus line,
Measurements on the change of elsctrical resistance with tempera-
ture have been useful in establishing lines related to the
transformation in zirconium. Besides having a pronounced change
in resistance at the temperabure of the eutectolidsl horizontal,
the resistance-temperature graphs showed polnts of inflection that
were interpreted as the c¢rossing of the boundary between the
two phase region above the horizontal and the solid soclution region
lying at still higher temperatures. Because of their. brittleness,
alloys containing more than 10 per cent vanadium could not be reduced
to the wire form desirable for resistance measurements.

4,9 Thorium-Magnesium Alloy System (5)

The intermetallic compounds in this system were studied by
x-ray methods, and chemical analysis. The thorium-rich compound was
found to crystallize in the cubic system with a lattice constant of
8.57 X This crystal belongs to the space group Fd3m. The composi-
tion of the compound is ThMgp.and the compound has the Cuplg

* o
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structure. The magnesium-rich compound is hexagonal with a = 6.1 X
and ¢ = 19.8 8. The space group has not been definitely established.
Analyses and density measurements indicate the composition is

ThMg3. However, this composition does not fit x-ray diffraction
intensity data very well. PFurther work is planned to establish the
composition of this compound.

4,10 Zirconium-Zine System (6)

Six alloys ranging in composition from 19.C to 35.6 weight
per cent zircounium were prepared by the bomb teechnique described -
in ISC-423. Y-ray diffraction analysis, thermal analysis and
metallographic examination of these alloys indicate that another
compound exists at near 32 per cent zirconium. Work on identification
of the phases present in this system is continuing.

4,11 Tantalum Alloys (3)

Attempts to roll out the tantalum-rich alleys mentioned in
the previous repert have met with varying degrees of success.
The low-nlobium, tbe low-molybdernum and the low-titanium alloys
could be rolled cold without difficulty. All of the chromium
alloys were brittle and the tantalum-rich zirconium alloys were
nearly as bad. An alloy containing 2 per cent zlrconium could
be rolled only to 25 per cent reduction in thickness. Molybdenumarich
alloys of tantalum also showed 1little ductility. Alloys that could
not be rolled cold behaved very little better at 800° or 850°C.

A vacuum furnace for operation at 1200°C was wade fo
anneallng the rolled-out sheets. Pressuresbelow 3 x 10°° mm Hg -
and usuvally considerably less, could be maintained in it. An
apparatus for measuring tensile strength at temperatures up to
1200°C is being built for tests of the behavior of tantalum alloys.
Also, the tungsten-are furnace is being rebulilt in preparation
for additional melting operations.

5. Metal Corrosion and Canning

5.1 Corrosion of Metal Contailners by Liquid Uranium (2,5)

The investigation of high melting alloys was initiated during
this period. The purpose of this investigation was to ascertain
the physical properties, fabriecablility and resistance toe corrosion
by liguid U=Cr eutectic of high melting alleoys. Since reslstance
to corrosion by U=Cr eutectic was of primary interest, 1t was
decided te approach the problem from this standpoint first
subsequently lnvestigating the fabrication properties of those
alloys which showed promising ccrrosion resistance.

A "screening" test for the initial corrosion test consisted
of placing small cube-shaped test samples plus U-Cr eutectic mixture

.
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in a sealed tantalum "sack'". The sack and its contenis were sealed
under argon within an iren crucible and heated to 900°C. After
cooling, the sack was cross-sedtioned so as to expose the Inter-

face between the U-Cr eubectic and the tested alloy. Photomicrographs
were taken and the decrease in thickness and width of the

reaction band was measured by use of a filar eyeplece on a micro-
scope.

Several of the a11®yb W@r@ severely attacked by the U-Cr
alloy after 3 days at 900°C Some of these alloys partially
dissolved in the eutectic all@y with zome diffusion of the
eutectic into the grain boundaries of the tested alloy. Alloys whiuh
corroded in this manner were Nb-20 weight per cent V, Nb-80
per cent V, Nb=30 per cent Mo, Nb-T7% per cent Mo, Nb-5 per cent
Ta-5 per cent Zr, Zr-5 per cent Ta-% per cent Nb, Nb-25 per cent Ta-T7
per cent Zr. These alloys have been eliminated from further considera-
tion., . .

Other alloys tested appeared to nave formed a compound layer ab
the interface which in most casez broke away from the Interface alfter
it had resched a certain maximum thickness. However, in one or
two alloys the layer appeared continucus and may have formed a
protective band which eould reduce the total corroslion., These
alloys are being investigated further. AS can be seen from the
results presented in Table III the tantelum-rich-niobium-zireconium
“termary alloys show the greatest amount of promise and are worthy
of extended investigation, '

An investigation of the corrosion of tantalum and other wmetals
by liguid uranium-chromium eutectic alloy was continued. Small
erucibles were made from thin sheets of The metal to be tested, filled
with the eutectic, sealed in stalnless steel outer crucibles and
heated at the testing temperature for definite periods of time in a
muffle furnace. They were then opened, sectlioned, examined by
metallographlic means, and the remaining wall thickness mweasured with
the calibrated eyeplece on a Tukon hardness tester. Results obtalned
from tests conducted on bantalum, zirconium and thorium are given in
the accompanying Tables IV, V, Vi, and VII. Crucibles made from
molybdenum falled completely within 2 days. The results of
these tests indicate that, of the metals tested, tantalum is the
most resistant to the ligquid uranium-chromium alloy.

The intermetallic compound formed on tantalum in @@nfaut with v
uraniumeQﬁomium i8 being investigated., An x-ray diffraction ;
pattern of tn;g @@mp@umd has been. obtained.,  This pattern was not:
the same,@@g‘hat of th@'@hr@m*umatamta]um compound prepared by. anw~*
melting: ’“Cwystalq ©f an intermetallic compound formed by heating g
mixture of u@amiumg@MPQmium and t@mLalum to 1600°C did give an
X=-ray pattern identical to that of the compound layer observed 'in
the @orv@s fon - _Xpefimen+s Tdentification of this compound by ..

X=PAY ‘diffraction’ and chemical ansa 1y@iq ig under way.

o
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Table III
Corrosion of High Melting Alloys in Molten U-Cr Eutectic
hick
Nominal Comp. Time olrornSss Type of Layer
Wt % at 900°C  "Bang (mi1) Formed
90 Ta-=10 V - 3 days 2 Broke off and
’ , . floated into U-Cr
alloy
90 Ta-5 Nb-5 V 3 days 1 Broke off and
) - floated into U-Cr
alloy
90 Ta-5 Nb-5 Mo - 3 days 0.6-2 Broke off and
floated into U-Cr
alloy
50 Ta-45 Nb-5 Zr 12 days 2 Broke off and
flcated into U-Cr
- alloy
90 Ta-5 V-5 Zr 12 days 2 Continuous protec-
_ tive layer
75 Ta-23 Nb-2 Zr 12 days 0.5 Continuous protec-
tive layer
90 Ta-5 Nb-5 Zr 3 days 0.5-0.8 Continuous protec-
’ tive layer
90 Ta-5 Nb-5 Zr - 12 days 1 Continuous protec-
tive layer
9C¢ Ta=5 Nb-5 Zr 18 days 1 ~ Continuous protec-

tive layer

An investigation was begun to determine whether or not there
is an element which will inhibit or stop the corrosion of tantalum
by uranium-chromium eutectic. Caleium, magnesium, sulfur, oxygen,
and nitrogen did not change the rate of corrosion of tantalum,
Other elements are being investigated.

Investigation of the corrosion of tantalum and other metals
by liquid thorium-magnesium eutectic was concluded. The results are
given in the accompanving\@ah&g@ VIII, IX, X and XI.

uuuuu
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Table IX

Corrosion of Niobium by Thorium
Magnesium Eutectic at 1000°C

Time = | Loss in Thickness
20 days 0.5 x 1073 in. ¥ 0.1 x 10-3 in.
40 days 0.2 x 1073 in. ¥ 0.1 x 1073 1in.
60 days 0.4 x 10=2 in. ¥ 0.1 x 10”3 1in.
150 days 0.9 x 10°3 1n. ¥ 0.1 x 1073 1in.
Table X

 '00rrosion of Molybdenum by Therium-
Magnesium Eutectic at 1000°C

Time ' Loss in Thickness

40 days 0.3 x 10-3 in. % 0.1 x 1075 1in.

90 days 0.0 x 10~3 in. ¥ 0.1 x 10~3 in.
Table XI

Corresion of Vanadium by Thorium-
Magnesium Eutectic at 1000°C

Time ' v | ' Losa in Thickness

30 days 1.9 x 1073 1n, ¥ 0.1 x 1073 in.

.
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Tantalum, nioblum, molybdenum and vanadium all show excellent
resistance to thorium-magnesium eutectic alloys at 1000°C in
statlic tests. Some type of dynamlic test wlll be made on these
metals to determine whether thls corrosion resistance will continue
under dynamlic conditions,.

5.2 Casting U into Zr Cans (2)

Thin-wall zirconium tubes were fabricated from 2 mil zirconium
sheet and uranium metal was cast into them in an unheated mold.
Even bonding was obtalned with some diminution in the wall
thickness but with no penetratlion through the thin sheet. When
a similar tube was flash-coated with copper prior to pouring,
complete penetration of the wall was observed in several places.

5.3 Casting U into Uranium Alloy Cans (2)

A U-5 welght per eent Zr alloy was used in the initilal investiga-
tions. The alloy was prepared by bomb co-reduction of UFy and ZrF)
and then melted in vacuum and poured Into graphite molds to produce
cylinders of 1/16 inch wall thickness, 3/4 inch outside diameter, and
2 1nches in length. To obtain:a complete metallurgical bond between
the uranium and the alloy can, 1t was found necessary to flash-coat
the inner wall with copper. It was also found necessary to preheat
the cans to 800°C before pouring the uranium at 1250°C and to follow
thls by a postheat of the filled can to 1100°C to complete the bond-
ing.

The strength of the bond between the :U and the uranium-5 per
cent Zr alloy was determined to be 45,500 psi.

5.4 Zinc Base and Composite Coatings on Uranium (6)

: Smooth adherent zinc coats approximately one mill thick can be
Erodueed on uranium by dipping the metal in a molten zinc bath at
75°C for one minute and then centrifuging to remove the excess
zine. A copper electroplate can readily be deposited on this zine

base which gives a composite coat with reasonably good corrosion
reslstance to boiling water. However, as previously reported in
Isc-423, &attempts to reduce the porosity of the copper plate by
annealing resulted in the development of blisters, and heating for
several hours at 300°C resultedin the formation of a brittle and
friable phase between the outer copper coat and the uranium.

On the supposition that blisterling might be due to evolution
of hydrogen initially dissolved in the uranlum, samples were pre-
.pared from uranium which had previously been outgassed at 850°C
-under vacuum. The samples were dry polished and wilthout further
treatment were immedlately dipped in the zinc bath, then centrifuged
and electroplated with copper in the usual way. These samples
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behaved in the same manner as samples prepared from metal which

had not been previously outgassed, showling that the cause of the
blistering was most probably due to the evolution of gases occluded
or adsorbed during plating. .

Samples all havling & zinc coat of 1.0 te 1.3 mils thick were .
plated with from 0.1 to 2.3 mils of copper. It was found that -
copper plates 0.6 mil or less in thickness which had been outgassed '
under vacuum at room temperature for 15 hours did not blister

when heated in silicone oil to 220°C, while samples with 1.0,

1.2 and 1.3 mil copper plates did develop blisters under the same
conditions. Copper plates up to 2.3 mlls thick were successfully
outgassed by evacuation at room temperature for 15 hours followed
by heating for 14 hours at 100°C under a slow stream of helium.
Two samples with copper cocats 2.2 and 2.3 mils thick were further
heated, after this outgassing treatment, to 425°C over a period of
four hours, held at this temperature for half an hour and then

furnace cooled to room temperature. These samples showed no evidence
of blistering. Severe buffing with a wire wheel, however, did loosen
and wrinkle the copper coat. The coats could then be cut and peeled
from the uranium. The under side of the peeled coat was metallic’ *
gray with spots that were a yellow brass color. Between this peeled
coat and the sample was a fine black powder, evidently a brittle
intermetallic phase which had been shattered by the action of the
buffing wheel. Enough of this black powder was collected to permit
Debye-Scherrer x-ray diffraction patterns to be taken. The pattern
cbtained could be indexed as simple cubic with a, = 6.247 &. This
excluded the possibility that the brittle phase responsible for
bond failure might be due to the formation of UHz, UN, U0y, or one
of the Cu-Zn binary intermetallic phases. The amount of powder
collected was not sufficient for chemical analysis so the composition
is not known; however, it is believed to he a ternary phase
containing uranium, zinc, and copper, since the material directly
beneath this powder was identified as a U-Zn compound and since .
this type of bond failure is not ohserved so long as any free zinc
remains in the composite coat. Furthermore, copper-plated zine given
the same treatment did not show this ftype of bond fallure and :
zinc-coated uranium heated at 300°C for 60 hours in an inert atmosphére
did not develop a bend or surface that could be readily powdered or
cracked by severe buffing. Microscoplc and x-ray examination of
zinc~-coated samples heated at 300°C for 60 hours showed that the
free zinc had been completely converted to a single Zn-U phase of
unknown structure and that zinc had penetrated along the uranium
grain boundaries. In view of these results no further work was
done with the composite zinec-copper coats.

17

Chromium plating over the zinc dip coat has also been further
investigated. The problem is essentially that of chromlum-plating
zine. A search of the literature reveals that chromium plates on
zinc are unsatisfa@tory,‘Supagggdly dye to the formation of a
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dark-colored chromium-zinec phase which results in subsequent
peeling of the chromium.l Chromium plates deposited directly on
the zinc coat in the present investigation showed a tendency to
brittleness and scaling on heating at 300°C for several hours.

A specimen with a composite coat of approximately 1.0 mil of zine
and 1,0 mil of chromium was heated in silicone oil slowly (2 1/2
hours) to 250°C, then held at this temperature for 3 1/2 hours,
followed by 2 hours at 300°C and then cooled to room temperature.
This samplg was tested in boiling water and found to have lost
k.83 mg/em= after 138 hours, whereas a zinc-coated sampls
simultaneously tested showed a weight loss of 3.84% mg/ecm~. The
unannealed chromium-zinc coats also show approximately the same
corrosion rate. The chromium plates thus far produced have not
improved the corrosion resistance of the zinc-coated uranium.

Composlte coats of zinc-copper-chromium have been developed
for the corrosion protection of beryllium.© Using procedures
similar to those described by Beach and Faust, an attempt was made
to produce a corrosion resistant copper-chromium plate over zinc-
coated uranium. Ten uranium samples were cleaned, hot-dipped. in
zinc, centrifuged and prepared for copper plating as previously
described, ISC-423. The thickness of the zinc coat on these '
samples was 1.2 £ 0.2 mils. Eight of the samples were then copper
plated using the copper plating bath for zinc described by Beach
and Faust. The thickness of the plate on four samples was 0.1
mil; on the other four samples it was 0.5 mil thiek. The copper
surface was cleaned in a NaCN bath followed by a dilute H SOy dip
and then electroplated with chromium. A commercial chromium
plating bath was used and a double cathode clamp was employed in
order to avold current interruption during changes in contact
positions on the sample. .

Two of the Zn-Cu-Cr coated samples along with a zine-coated
sample were tested for corrosion in boiling distilled water. The
results are given in Table XII. Faillure in each case was due to
pitting. These results show that the electroplates are too porous
to offer effective corrosion protection.

. The remalning samples were heated in silicone oil at 310°C for
periods of 2 1/2 to 5 hours. 1In each case the coat could be either
peeled or chipped off with a knife, expoesing a black surface next to
the uranium. This dark material is believed to be the same
intermetallic U-Zn-Cu phase which is apparently responsible for

. the separation of the Cu-Zn coats. Some penetration of silicone

01l through the electroplates was alse observed. '

No further work on théﬁCﬁ?Zh;éf?thé;Zﬁecu¥cf.composite coats
1s contemplated. . I SR L I :

Iw. A. Kohler, Principles and Applications of Electrochemistry,

Vol. II, John Wiley and Sons, New York, Second Edition, 1904, p. 127.

2J. G. Beach and C. L. Faust, Electroplating on Beryllium, U.,SQ Atomlc

Energy Commisslon Report Noa.BMI-732._Aoril 1, 1952.
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Table XIT
Corrosion of Zn-Cu-Cr Coated Uranium

Time Weight Loss in Mg/gmg 1

1.2% 7n-0.5 Cu- 1.2 Zn-0.1 Cu- 1.2 Zn Coat
8
Hour 0.3 Cr Coat 0.3 Cr Coat
168 1.6 .2 5.5
237 6.1 b2 5 g.8
309 124 | e 19.0

*Number pre@@ding the chemical symbol gives the coat thickness of
‘that metal in mils. ' . Coa

5.5 Diffusion Coating of Uranium (6)

Diffusion coats can be formzd on the surface of uranium metal
by soaking it in a molten magnesium hath containing the desired
metal or metals in solution. Magnesium is inscluble in urarium
and under favorable conditions the solute element diffuses into
the uranium and forms either a solid solutlon or one or more inter-
metallic phases, depending on the relative activity of the solute
in the magnesium bath and the various phases concerned. ‘

The molten bath is contained in a magnesia-plus 1O per cent CaFp
crucible fitted inside & graphite crucible, and this combination
is contained inside a stalnless steel tube equipped with a water-
cooled head and port 30 that samples may be introduced and removed
from the bath. The bath is kept covered with a KCL-LiCl euteectic
flux. During prolenged soaking periods an inert atmosphere i3
maintained in the stainless steel tube,

The uranium specimens are prepared for dipping in the } -
magnesium bath by the usual polishing, cleaning and etching procedure.

It has been found advantageous to precoat the cleaned samples
by dipping them into a fused KCl-LiCl-ZnCly bath for a few seconds
just prior to dipping them into the magnesﬁum bath, or alternatively
by dipping them into molten zinc at 475°¢ for one minute and then
centrifuging to remove the excess zine.

This treatment serves to protect the uranium surface, as it
is introduced inte the magnesium bath, from oxidation or direct
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contact with impurities on the surface of the bath. Most of the
preceding steps may be eliminated by dipping the uranium in a 400°C
fused bath of KCl-LiCl eutectic to which 20 weight per cent

of ZnCl, has been added. When the sample 1s first dipped into this

bath a solid coat momentarily freezes on its surface. Once the

metal attains the fusion temperature of the salt mixture, oxide is
rapldly removed from the uranium surface. However, the surface obtained
is relatively rough if the initial uranium surface is badly

oxidized or if the metal remains in the bath for more than five

to ten seconds after 1t has attained the temperature of the bath.

The optimum time will depend con the amount of oxide to be removed and
the size of the sample. The metal is then dipped in a molten

magnesium bath of the desired composition and temperature for a specific
period of time, removed, quenched in oil, and then cleaned

with dilute nitric acid. The samples thus prepared are

used for further testing.

No further work has been done with a magnesium bath saturated
with zirconium. The solubility of zirconium in magnesium is small
at temperatures below 950°C, and the rate of diffusion of the
zirconium into the uranium surface 1s slow. Experimental difficulties
make operation of this bath at stlill higher teperatures
impractical. Other metals which were considered are Nb, Mo, Cr, W,
and Fe, The solubilities of Nb, Me, and Fe in magnesium at
temperatures up to 850°C are negligible or very low and it 1is
doubtful that the production of alloy coats of these metals on
uranium by this method is practical. Chromium and tungsten do not
form intermetallic phases with uranium and enly very dilute solid
solutions and consequently any alloy formed by diffusion is limited
to these very dilute solid solutions. Furthermore, these two
metals also show little or no solubility in magnesium at
temperatures of 8506°C or below.

Work during the gquarter has been concerned principally with
magnesium baths saturated with either nickel or silicon, and some
preliminary work has been done with magnesium-copper-nickel and
magnesium-copper baths.

The growth of the diffusion band fowmed on uranium in a mganesium
bath saturated witn nickel has been measured. The results obtained
at 715 t 15°C are given in Table XIII. These data show that the
diffusion band reaches a maximum tnickness of about 0.43 mil after
one to two hours. The reasen for this is uncertain but is possibly
due to scaling of the coat once its thickness has reached some
critical value. Microscopic examination shows an increased tendency
toward crack formation in the thicker. diffusion coats. This effect
is also reflected in the corrosion- rates given in Table XIV. These
samples were cleaned in dilute nitric aeid prior to corrosion
testing in order to remove the adherent magnesium-nickel bath and expose
the nickel-uranium diffusion coat. The higher corresion rates for
the samples dipped for 240 minutes is believed to be due to the presence
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Table XIII

Diffusion Band Thickness on Uranium after Various Perilods
of Time in a Mg-N1 Bath

Bath Time in No. of Average Thickness
Temperatures Bath Samples cf Diffusion
°C Min. Measured Band in Mils
. T15%15 8 2 0.17%0.01
71515 15 2 0.23%0.02
71515 30 & 0.25%0.02
715%15 60 6 0.30%0.02
715%15 90 5 0.39%0.02
S 715%15 120 5 0.43%0,02
715%15 180 2 0.43%0.02
715%15 240 2 0.41%0.02
Table XIV

Corrosion Rates of Uranium Samples Dipped in a Molten Magnesium
» Bath Saturated with Nickel

Weight Loss

Temp. Time in Mg-Ni <+ime Iin
Sample No. Egp meﬁagn . Boiling mg/cmz/hro

Min R Wat er

Hours
PWI-384A 733 30 139 0.024
PWI-38B 733 30 139 0.031
PWI-52A 733 90 116 0,088
PWI-33A 733 240 139 0.200
PWI-33B 733 240 139 0.242

.
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of cracks in the nickel diffusion coat. The nickel alloy coat in
any case is not free of defects or weak spots since corrédsion tests
on uranium-nickel alloys of approximately the same composition show
excellent corrosion resistance to boliling water.

Corroslon tests have alsoc been made on two U-Ni alloys of near
eutecticcomposition which were prepared by arc melting. These
samples formed a shiny black adherent coat and showed a gain in
welght after 1000 hours in boiling distilled water. The results
on these two alloys along with the results obtained on two uranium-
zinc alloys are given im Table XV. The latter samples are two-phase
alloys consisting of a uranium compound in a matrix of essentially
-pure zinc,

The nickel diffusion coats are readily wet by molten zinec.
A sample which had been dipped in a Mg-Ni bath for 240 minutes was
cleaned with dilute nitric acid and then dipped in a zinc bath
at 500°C for two minutes, centrifuged and quenched. This sample
when corrosion tested in boiling water showed a weight gain after
200 hours, pits became evident after 275 hours, and at,.the end of
300 hours showed an average weight loss of 0.011 mg/cma/hr° The
- sample was then sectioned and examined under the microscope. Much
of the composite coat was still intact after the corrosion test.

Table XV
Corrosion Resistance of Some Uranium Alloys to Bolling Water

Alloy Composition Time in Boiling Water ’ Corroslon Rate
Welght Per Cent Hours mg/cm< /hr.

11.3 Ni, 88.7 U 1326 +h 6 x 107°
11.5 Ni, 88.5 U .. 1006 - - - +1.9 x 107%
84.8 zn, 15.2 U . 1006. 2.2 x 1074

87.9 zn, 12.1v . 8§55 . +1.05 x 1073

Samples dipped in -a magnesium-silicon bath also appear to
have an upper limit to the thickness of the diffusion coat which can
be formed by this method. As in the case of nickel, this is believed
to be due to cracking and scaling of the coat as it grows beyond
some limiting thickness. The diffusion layer formed in this case
also appears to be made up ©of two bands, presumably epsilon and
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U Si3 phases. If other phases exist "in the diffusion band

tgey'are not readily evident microscopically. The thickness

of the diffusion band formed after various periods of time in a
molten magnesium bath saturated with silicon are given in

Table XVI. All the samples listed in this table with the

exception of the first were zinc coated prior to dipping into the
Mg-31 bath, The corrosion resistance of these samples 18 comparable
to that of samples dipped in a Mg-N1 bath.

With both the Mg-8i and Mg-Ni baths, the initial growth of
the diffusion band apparently follows the parabellc law,

X2 = kt,

where X is the thickness of the diffusion layer at time t, and

k is the penetration comstant, but deviates from this relation for
periods greater than about 50 minutes. This is believed to be

due to cracking and scaling of the coat formed. From measurements
of the diffusion band thickness formed in sixty minutes or less,
thg k value for the U/Mg-Ni couple was found to be 2.8 x 10-10
em®/sec ak T15%¥15°C and the k value for the U/Mg-Si couple, to be
2,0 x 10-7 cm®/sec at T715%15°C.

The band thickness formed after a given period of time and tempera-
ture was found to vary as much as 27 per cent in the case of the
B/Mg-S1 couple, and approximately 15 per cent in the case of the
U/Mg-Ni couple. Various factors such as surface preparation and
the concentration of the sclute and uranium in the magnesium bath
might be expected to influence the rate of growth of the diffusion
layer, An excess of solute was adfed in order to keep the bath
saturated in each case; however, dissolution by the flux and \
oxidation at the flux-alr interface might result inm varlation of
bath composition. However, the values obtained for the penetration
constants are believed to be of the correct order of magnitude.

Table XVI
Diffusion Band Thickness on Uranium after Various Periods
of Time in a Mg-Si Bath

Ave, Thickness

Tempe?ggﬁre T%E%hin Nggggiegf of giggusion
C Min. Measured Mils
715£15 15 2 - 0.27 |
715%15 15 L 0.59t0,02 }
715215 30 4 0.71%0,08
715%15 45 b 0.9210.,19
T15%15 75 2 0.76%0.20
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5.6 Behavior of Uvaqiam and Coated Uranium in Molten
Al- Si Eutectic (O)

It has been cbserved that uranium in contact with Al-Si
eutectic at H640°C is rapidly attacked with the formation of
alternate layers of eutectic and some intermetallic phase or
phases. The formation of this structure at the (Al-Si)/U
interface is believed to be due to the rapid growth and subsequent
eracking or scaling of the diffusion band on the uranium
surface and penetration of the cracks by the Al-Si eutectic,

The reaction is still quite rapid at 600°C and both the time and
temperature of dipping must be carefully controlled in order to
cbtain uniform wetting and bonding without the formation of large
amounts of reaction products. '

A number of cleaned uranium samples were dipped in Al-Si
eutectic at 600%5°C for periods of time ranging from five minutes
to six seconds. A dipping time of one minute or more resulted in
the formation of a heavy, badly eracked, diffusion layer or
reaction band. A dipping time of six to 10 seconds gave a narrow
reaction band of 1.0 mil or less in thickness. Measurement of the
thickness of the diffusion band formed on several samples shows that
for pericds of up to one minute the penetration constant for Al-Si
eutectic diffgsing into uranium at 600°C is of the order of
6.0 x 10=7 /sec, An accurate determination of this constant is
difficult since the diffusion band formedesfends to scale or
crack once it has reached a thickness of. one or two mils.

The possibility that small additiomns of nickel or chromium
to the Al-Si bath might reduce the rate of reaction between the
bath and uranium was investigated. A bath having a nominal
composition of five weight per cent nickel was prepared by addimg
nickel shot to the bath., After approximately five hours at 600°C
a sample of the bath was quenched and analyzed for nickel. The
bath was found to contain only 2.5 weight per eent nickel. This
Al1-Si-Ni bath, however, shows no pronounced improvement in its
reactivity toward uranium over an Al-Si bath with no nickel.
Attempts to dissolve chromium in the bath were still less success-
ful. The amount dissolved at 600°C was found to be less than one
weight per gent.

Uranium with a nickel alloy surface, prepared by dipping it in
a Mg-Ni bath, is readily wet by the Al-Sis alloy coats 0.2 to
0.3 mil thick will withstand the action of the bath at 600°
up to two minutes without @omplete dissclution. The U-Ni diffusion
coat is brittle, I(z,oweverb‘9 and . may ‘be- undesirable from this
standpoint. -

Uranium, diffusion coated with silicon by dipping in a Mg bath
saturated with silicon, i5 not readily wet by the Al-Si bath.
This is probably due to oxide formed on the surface of the alloy
coat in the proecess of removing the ocuter layer of Mg-Si with dilute
nitric acid. However, once wetted, these coats show little or
no resistance to penetration Ry the Al-S1 bath.
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5.7 Corrosion of U-Zr-Nb Alloys (2)

Corrosion studies made on the eleven alloys listed in the table
below furnished corrosion rate data for these alloys in the alpha-
annealed state. The allcys have been tested in boiling distilled
water, and the rates given for various time intervals up to and
including seven hundred hours. These alloys were prepared by
arc-melting derby uranium -with high purity zirconium and niobium
metal; sections were taken from the resulting button for corrosion
testing. The samples were first gamma-qguenched by heating under
yacuum at 850°C for two hours and water quenching. They were then
annealed as followss: 750°C for 2 hr, 600°C for 2 hr, 500°C for 20
hr, and furnace cooled., '

Table XVII
Corrosion of U-Zr-Nb Alloys in 100°C Distilled Water

A110§ Corrosion Rate (mg/bmg/hr) at end of each time interval
Composition

Wt. % 48 nrs. 168 hrs. 336 hrs. 400 hrs. 700 hrs.
20 Zr-U 0.02 0.0k 0,23 0,009 0.03
10 Zr-U 0.56 .61 | 0.54 0.46 0.45
5 Zr-U 1.56 1.64 1,43 1.30  1.1%
2 Zr-U 1.72 2.29 1.99 1.50 . 1.32
10 waU‘ 0.03 0.25 3.66 disintegrated
5 Nb-U 0.05 0.37 0.47 0.46 0.39
3 Nb-U 1.13 1.21 1.12 0.92 0.93
5 Zr-5 Nb-U 0.01 0.05 .10 0.05 0.02
5 Zr-2 Nb-U - 0.33 0.70 0.68 6056 0.02
3 Zr-3 Nb-U 0.52 0.93 - 0.82 0.55 0.48
2 Zr-4% Nb-U 0.09 0.46 0,34 0.27 0.16

Ern
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The production of a guantity of 5 and 10 per cent Zr-U alloys
for special in-pile radiation tests at Hanford was completed
during this period. The alloys were melted in a graphite crucible
and poured into a graphite mold forming 3/4-inch diameter rods 4 .
to 8 inches in length., These were sliced into 1/4-inch long sections
which were then heat treated. The heat treatment consisted of
quenching all of the alloys from the gamma region by heating them
at 850°C for 2 hours and water quenching. Half the guantity of
each alloy was transformed from the guenched state by alpha anneal-
ing (750°C for 2 hrs., 600°C for 2 hrs., 500°C for 20 hrs. and
furnace cooled.) :

A study of age hardening with respect to corrosion and electrode
potential measurements was begun during this period. Twelve
U-Zr, U=-Nb and U-Zr-Nb alleys are hebg used in the study. These
alloys include the eleven alloys mentioned in the included corrosion
table plus the U-1 per cent Nb alloy:  Four series of the alloys
have, to date, been prepared from arc-melted buttons, gamma quenched
from 900°C and given the following ageing treatments:

Series 1 - annealed (at 100°C for 477 nrs.
Series 2 - annealed at 200°C for 499 hrs.
Series 3 - annealed at 300°C for 449 hrs.

Series 4 - annealed at 400°C for 335 hrs.

In Series'! 1, 2 and 3 a microscopic examination did not reveal
that a second phase precipitation had taken place. In Series 4,
however, a distinet change in the etching character of the alloys
was noted. The structure revealed in this series, even though a heavy
- film was formed by the etching, seemed to indicate the presence of

a lamellar-type precipitation, '

Age-hardening study and corrosion testing of these alloys
will be continued with the emphasis on detection of corrosion
resistance change by the electrode potential method.

Since these alloys in the gamma-quenched condition exhibit
better corrosion resistance than inthe annealed state, electrode
potential investigations were undertaken, It was hoped these
studies might be helpful in understanding this. phenomenon. Correla-
tion of electrode potentials and. corrosion rates in high temperature
water might also prove useful as a means of evaluating the corrosion
resistance of an alloy. T .

Initial potential measurements were made in 2N NaCl stagnant
solution using a saturated calomel electrode as the reference
electrode. In order to prevent polarization from occurring during
measurements, a high impedance dc¢ amplifying circult was used,
thus, allowing continuous recording of time vs potential.
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Experiments were conducted on uranium in order to establish
conditions for obtaining reproducible potentials. The followlng
variables seemed to have an apprecilable effect on the measured
potential:

the surface preparation of the specimen
concentration of the electrolyte
pre-immersion exposure time -
temperature of the electrolyte ‘

- whether electrolyte is stirred or remalns in a stagnant
condition.

LD DO =
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The measurements were made for a pericd of 2-4 hours during
which time the potential wusually has reached a steady value.

Electrochemical potential measurements were made on the
following alloy seriess 1, 3, 5 and 10 weight per cent Nb alloys
in both the gamma-guenched and the alpha-annealed conditions, and
2 Zr-4% Nb-U, 5 Zr-2 Nb=U, 3 Zr-3 Nb-U, and 5 Zr-5 Nb-U ternary
alloys in guenched and annealed conditions.

Since the annealed binary and ternary alloys are microscopically
two phase, with the major constituent being < -uranium, 1t is not
too surprising that all the annealed alloys were found to have
potential values close to that of pure uranium. The measured 5
potential of pure uranium is 0.855 (0058 volt. .

The gamma-guenched alloys showed a pronounced difference in
electrochemical potential as the compositicn was varled. The
niobium binary slloys became more noble approaching lower
potentials as the niobilum content was increased. The 3 per cent
Nb-U alloy had a potential of 0.755 £C.00% volt and the 10 per
cent Nb-U alloy had a potential of 0.401% 0015 volt. Similar
decreases in the potentisl were observed in the quenched ternary
series also. The influencing factor in shifting the electrochemical
potential to a more noble value seemed to be principally the
niobium although the zirconium does contribute somewhat to a lower
potential in the ternary alloy.

6. Other Investigaticns

6.1 Investigation of the Pyrophoric Film Formed on‘Uranium
Alloys by Pickling in Nitric Aclid (5H)

Attempts to identify the pyrophoric film on uranium-zirconium
alloys have =0 far not been completely successful. Exhaustive
leaching of the pyrophoric material with nitric acild produced a
residue ‘which was still pyrophoric and sedimented intoc three
layers. One of these layers contained alpha zirconium as one
constituent. The other layers have nct been identified.

cersns
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Uranium-rich alloys of uranium with vanadium, molybdenum, and
titanium were prepared and annealed at a temperature just below the
lowest transformation temperature. These alloys were pickled in
nitriec acid and tested to determine whether a pyrophoric film was
formed. In no case was a pyrophoric film observed in these alloys.

6.2 Sodium Tungsten Bronze (4)

Additional anomalous behavior of sodium tungsten bronze,
Na,WO03, near the concentration x = 0.75 has been found. Measure-
ments of the linear coefficient of expansion when plotted
against sodium concentration exhibit a maximum near x = 0.75.
The linear coefficients of expansion were obtained from measurements
of the lattice parameter using x-ray diffraction in the temperature
range, 25°-500°C,

The possibility of an ordered arrangement of sodium ions at
X = 0.75 which was first proposed by W. Gardner 'and G. C. Danielson,
Phys Rev. 93, p. 46 (1954%), is being investigated. Detection of
a superlattice by x-ray diffraction techniques has been attempted
without success. The reflection oceurring at 20 = 28.6° which was
reported in the last report as a possible superlattice peak has
been ldentified as a weak reflection from the regular lattice due
to cu X B radiation. The relatively high scattering power of
fungsten for x-rays masks the sodium contribution, and thus the nega-
tive results of the attempt to detect & superlattice by x-ray
diffraction is not conclusive. For the same reason electron
diffraction would noet be expected to be able to detect the existence
of a superlattice. Inguiries have been made as to the possibility
of detection of a superlattice by means of neutron diffraction,
and successful detection by present technigues is doubtful.

Caleulations of the electrostatic energy for various ordered
configurations have been made for sodium tungsten bronze near
X = 0.75. These calculations indicate that there is =z significant
energy difference between random sodium distribution and an
ordered sodium distribution which retains cubie symmetry and doubles
the lattice parameter. These calculations have’ not as yet been
made for other concentration ranges.

An experiment is in progress wnich may clarify the question of
ordering in the sodium distribution.  An eleetrochemical cell
has been assembled in which sodium tungsten bronze serves as an
electrode. The E.M.F. of the cell is measured as a function of
temperature to. determine an entropy value for the ecell. This is
being done for several sodium tungsten bronze samples of different °
sodium concentration. When the experiment is complete, entropy
willl be plotted against sodium concentration. An ordered sodium
distribution should have a proncunced effect on such a plot.

3
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6.3 Growth of Metal Single Crystals (&%)

Apparatus for the growth of metal single crystals has been
constructed. The apparatus consists of a resistance furnace with
controls which move a steep temperature gradient (~~100°C/1inch)
along a stationary sample. The temperature gradient can be
moved in either direction so that crystals can be grown upon solidi-
fication from a melt in the manner of Bridgman or crystals can be
grown by the strain-anneal technique. As yet only the Bridgman
technique has been used. Several single crystals of lead and of
zine have been grown., The maximum size so far attained is one ineh
in diameter by three inches long,

Single crystallinity is easily checked by the flash pattern
of reflected light after an appropriate etch., Exact crystal
orientation by x-ray diffraction is possible by using the back-reflec-
tion Laue technique. A suitable orlentation camera has been
designed and built. Initial tests of the camera have been
satisfactory. :

. Considerable difficulty has been experienced in counverting the
single crystals (particularly Zn) into sultable shapes for projected

' experiments. Several different cutting and grinding technigues

are being tried. '

6.4 Physical Constants of Metals from Ultrasonic Measurements

(%)

The initial phase of a program to measure physical constants of
metals by an ultrasonic techmique has begun. Apparatus has been
assembled for the measurement of longitudinal and transverse elastice
wave veloecities in metals using s frequency range of 0.5 Me to
10 Mec. -

The first tests on the apparatus were run to determine a
practical size for test specimens. Cylindrical specimens of magnesium
about 4 em long were used in the tests; frequency and specimen
" diameter were the adjusted parameters. It was found that dlameters
as small as 1 em could be used satisfactorily at a frequency of
10 Mec. For lower frequencies the smallest useful dlameter increaseds
at 2.25 Me this diameter was found to be about 2 em. The diameter
1imit results from s modification of the bulk veloclity toward the

thin rod velocity with decreasing diameter and increasing wave length.

Measurements at 25°C of transverse and longitudinal elastic
wave velocities have been made on polycrystalline Mg, 2Zr, Al, and
Cu. From these measurements Young's modulus, Poisson's ratio,
'shear modulus, compressibility, characteristic frequency, and the
Debye temperature have been calculated., Satisfactory agreement
between calculated values and literature values has been found..
Measurements at 25°C were abso made on-dysprosium which gave the

v
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following results:

1}

Longitudinal velocity V1, (2,958 * 0.006) x 10° cm/sec

4

Transverse velocity Vg = (1.724 T 0.009) x 10° cm/sec.
Using these velocities and a density of 8.562 g/cm3, the following

"values were calculated for dyspresium:

Young's moduius : Y = 6.32 x 1011 dyne/cm2
Shear modulus = 2.54 x 101t dyne/cm2
Poisson's ratio = 0.243

Characteristic frequency = 3,75 x 1012 sec™ L
Debye temperature ' & = 182°a

QSmpressibility _ = 2.44 x 10712 cme/dyne,

Since dysprosium 1s ferromagnetic at very low temperatures; the
calculated characteristic freqguency and Debye temperature will
probably have no meaning below the Curie point. Measurement

at -71°C showed within the limits of experimental error that
the lomglitudinal sound velocity in dysprosium was. the same as
at room temperature.

6.5 The CaO-CaFo System (1)

Study of CaFo-Ca0® system is continuing in hopes of more closely
locating the eutectic and of determining the extents of solid
solubilities if any of CaO and CaFp in one another. Milcroscopic
and x-ray methods were used for this work, and ecooling curves were
made whenever 1t was necessary to obtain a new sample. The rate
of cooling was decreased and size of samples lncreased so that
more satisfactory thermal breaks were obtained. Samples for
microscopic examination were polished using absolute alcohol with
the grinding powder on the polishing c¢loth. A smooth surface was
obtained and samples were not attacked by the alcohel as they had
been by water. Pictures were taken on the metallograph at 100
and 200 magnifications of ‘many of the polished samples. However,
microscopic evidence is as yet indefinite. Powder pattern x-ray
pictures were made of samples at 10 .per cent intervals from O to
50 per cent CaO. No lines appeared that indicated presence of any
phase except Ca0 and CaFo.  Back reflection plctures were made
using a 60 c¢m R camera, on samples containing O per cent, 4 per
cent and 10 per cent CaO. No evidence of solubility was obtained.
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Fulda, S. L. Margerum and E. I. Lane. _UNCLASSIFIED.
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J. Am. Chem. Soc. 75, 5250-5251 (1953).
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APPENDIX II: LIST OF SHIPMENTS
Destlnation . : Item
Argonne Cancer Research Hospiltal 10 g 99% yttrium oxide
Chicago, Illinoils
Argonne National Laboratory 2 1lbs thorium chloride
Lemont, Illinois -
American Electro Metal Corporation 50 g samarium oxide s
Yonkers, New York 50 g gadolinium oxide =
: 50 g ytterbium oxide
- (on 1loan) :
Army Medical Research Laboratory 31/2 g thulium metal -
Fort Knox, Kentucky 7 cyl. slugs
Bartol Research Foundation 250 g 98% praseodymium
Franklin Institute = ‘ oxide (on loan)

Swarthmore, Pennsylvania - 1l g best quality praseo-
- S : ‘ dymium oxide
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- Chicago,

Destination

Brookhaven National Laboratory
Upton, Long Island, New York

California Institute of Technology
Pasadena, California

Carbide and Carbon Chemical Company
Oak Ridge, Tennessee

Carbide and Carbon Chemical Company
Oak Ridge, Tennessee

'Cérnegie Institute of Washington

Department of Terrestrial Magnetism

Washington, D. C.

Dow Chemical Company
Midland, Michigan

Duke University
Durham, North Carolina

Frick Chemical- Laboratory
Princeton University
Princeton, New Jersey

| Harvard University

Cambridge, Massachuéetts

C. A, Hutchison..
Illinois

Item‘

thulium oxide §99 9%3
holmium oxide (99.9%
lutetium oxide (99.9%)
on loan
-1 g thulium

lanthanum oxide
cerium oxide '
praseodymium oxide
neodymium oxide
samarium oxide
yttrium oxide
ytterbium oxide
erbium oxlde .

g dysprosium oxide
g holmium oxide

g lutetium oxide

Q000900003 H 03030

e o o

2
2
2
0
1
1
1
1
1
1
1
1
0
0]
0
2

1/2 1bs thorium from
Billet A-521

10 g thulium oxide .

dysprosium oxide
holmium oxide
erbium oxide
thulium oxide
(on loan)

20 g pure neodymium oxide

20 g pure lanthanum oxlde

20 g pure praseodymium
oxlide

10 lbs anhydrous thorium
chloride

1 sample yttrium metal
‘ (on loan)

10 g neodymium oxide

(on loan)

+3 g yttrium metal

(on loan)

5 g praseodymium oxide
5 g neodymium oxide



Destination -

‘Institute for Nuclear Studies
~ University of Chicago '
- Chicago, Illinois

Towa State College
. Ames , Towa S ,
(Engineering Experiment Station)

Ledoux and Company
Teaneck, New:Jersey»

, . | v
Los Alamos Scientific Laboratory
Log Alamos, New Mexico '

A. D. MackayQ'Inc;
New York, New York

-~ Mallinekrodt Chemical Works
St. Louis, Missouri

250

Massachusetts Institute of Technology

Cambridge, Massachusetts

State University of Iowa
Iowa City, Iowa

University of California Radiation
- Laboratory :

_.Berkeley, California

University of California Radilation
Laboratory S
 Livermore, California

250
100

1100
100

- 10 1bs

Item

lutetium metal

lg
(on loan)

Y]

¢ a

g lanthanum metal (99%)
250 g cerium metal (99%) -
g neodymium metal (99%)
lanthanum oxide’

cerium oxide
praseodymium oxlde
neodymium oxide

samarium oxlde
gadolinium oxide

yttrium oxide

erbium oxide

holmium oxide

dysprosium oxide
ytterbium oxide .
lutetium oxide :
thulium oxide

mg
ng
mg
mg
ng
mg
ug
mg
me
mg
mg
me

100
100

100
100
100
1C¢0
100
100
100
100
zirconium tetra- .
- fluoride, C. P, anhydrous

1l g pure yttrium oxide
200 mg ytterbium oxide

40 mg holmium oxide
2 g yttrium oxide

150 mg erbium oxide

200 mg dysprosium oXide

10 g erbium oxide (99%)
(on loan)

lg ytterbium oxide”

) i

10,g dysprosium oxide —
(95-98%)(on 1oan) '

\

3 g gadolinium metal. (98%)
(on loan) .
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Degtination

-Vreeland Laboratory
Mill Valley, California

BT

100

100
100
100
100
100

L

erbium oxide
dysprosium oxide
holmium oxide
thulium oxide
ytterbium oxide
lutetium oxide
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(1)
(2)
(3)
(%)
(5)
(6)

H.

CONF

A, Wilhelm

. N. Carlscn

°

©

. A, Rogers

F. Smith
Petersgon

Chiotti

Pe RN
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