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I. ZIRCONIUM 

Work in the metallurgy division of the Ames Laboratory In
volves all phases of zirconium preparation beginning with ore 
treatment and carrying through to zirconium metal and Its alloys. 
Many of the steps in the series of processes Involved are In well 
developed stages while other portions of the series still need 
study and development for optimum conditions before setting up 
the series as a pilot planto 

The processes start with treatment of zircon sand to give 
a. water solution of the zirconium» Liquid-liquid extraction is 
being studied as a means for removal of hafnium from the zirconium. 
The removal of the other impurities in the zirconium obtained 
by treatment of the ore are to be removed In the steps before, 
during and after hafnium removal. The purified zirconium then is 
to be made into the tetrafluoride which can be reduced by calcium 
to give metalo 

A. Ore Treatment (K.A. Walsh and J.W. Ross), 

Zirconium tetrachloride can be readily prepared from zircon 
sand as a starting material and this tetrachloride serves quite 
well as a source of element for metal production. However, 
decomposition of zircon sand by fusion with alkali is being 
studied as a possible alternate process for ore treatment in 
view of successive processing steps in obtaining zirconium metal. 
The fusion products can be leached with water, filtered and 
washed to remove the major portion of the silica as sodium 
silicate along with other water soluble impufities. Digestion of 
the water Insoluble residue with hydrochloric acid forms a. solution 
of zirconyl chloride which is filtered to remove the acid in
soluble products and unreacted zircon sand. 

In one fusion experiment a charge of 325 grams of NaOH and 250 
grams of zircon sand (about 66^ Zr02T was heated to a maximum 
temperature of 650°Co The resulting frit was cooled and washed 
with watero Tests showed the zirconium In the wash to be practi
cally negligible. The residue was treated with 1:1 HCl and 

y*> 
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heated for 30 minutes. The residue from this acid treatment was 
less than 3 per cent indicating that about 97 per cent of the 
zirconium is put in solution by this treatmento 

The zirconyl chloride obtained by the above treatment can 
possibly be purified by recrystallization from hydrochloric acid 
solution prior to the hafnium separation process. An alternate 
scheme to be investigated requires treatment of the water insoluble 
portion of the frit with nitric acid in case it becomes more 
desirable to use zirconyl nitrate rather than zirconyl chloride 
for the liquid-liquid extraction employed In removal of the 
hafnium. Elimination of other impurities is to be studied in con
nection with the alkali fusion process. 

In a study of conditions for the alkali fusion treatment of 
the zircon sand it was found that very little if any reaction 
occurs at temperatures below 450°C„ Definite and quite complete 
reaction was found to take place, however, at temperatures of 
about 550^0o A pronounced endothermic effect was detected In 
the charge' of NaOH and zircon sand when heated to a temperature of 
about 530°Co 

Bo Zirconyl Chloride Purification (K,Ao Walsh and D, Spink)o 

Commercially available zirconium tetrachloride is employed 
at present to supply material for experimental work in subsequent 
processes of the zirconium program. The tetrachloride can be 
put In aqueous solution and crystallized out as a highly purified 
zirconyl chloride with respect to impurities other than hafnium 
(lSC-82)o This salt can be used directly in the feed solution 
for the liquid-liquid extraction studies and can be readily con
verted to fluoride for metal reduction studies. The zirconium 
tetrachloride or this purified zirconyl chloride could serve as 
a convenient source of zirconium element for subsequent processes 
worked out at Ames for a. metal producing pilot plant. 

C. Zirconium-Hafnium Separation (K.A. Walsh and J„ Kerrigan), 

Zirconium can be preferentially extracted from hafnium in 
a liquid-liquid extraction process using tributyl phosphate as 
the organic solvent. This extraction depends on the distribu
tion of the nitrate to give a satisfactory separation. 

'uS 
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Preliminary experiments were made with aqueous solutions of 
zirconyl nitrate in nitric acldo Calcium nitrate was added to 
salt out the zlrconlumo It was then established that the separa
tion was equivalent with a system containing zirconyl chloride 
in nitric acid and calcium nitrate» Since the preparation of 
zirconyl chloride is more convenient, this salt has been employed 
in subsequent research. 

Table I 

Dilution of Tributyl Phosphate with Dlbutyl Ether 

fo Butyl 
Phospha fce 

20 
40 
60 
80 
100 

Kzr 

0,84 
2.23 
5o99 

21ol 
50,7 

% f 

0,043 . 
0.126 
Oo34 
lol4 
3.81 

0 
19o6 
l7o8 
l7o8 
l8o6 
13.3 

% Hf in 
Product 

0,21 
0,40 
0,76 
lo35 
1.80 

The viscosity of butyl phosphate prolongs the time needed for 
separation of the immiscible phases. Dilution of the tributyl 
phosphate with dlbutyl ether improved the time factor for this 
separation. The effect of the addition of butyl ether to tributyl 
phosphate has been summarized in Table I, where (3 represents 
the separation factor. The initial aqueous solution contained 
2,0 M calcium nitrate, 0.5 M zirconyl chloride in which the 
hafnium content was 2 per cent, and 6 M nitric acid. Eq̂ ual 
volumes of the organic and aqueous solutions were employed, 
although the final volumes showed an increase in the volume of 
the organic phaseo These results combined with other data sug
gested that a favorable zirconium distribution and separation 
can be obtained if the organic phase contains 40 per cent butyl 
ether. 

In an aqueous system in which the only anion is the chloride, 
very little of the zirconium and hafnium was extracted. The 
Importance of the nitric acid or the nitrate ion was shown by 
changing the concentration of nitric acid in an aqueous solution 
containing 0„5 M zirconyl chloride and 2.0 M calcium nitrate. The 

' • ^07 
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distribution with an equal voluroe of an organic solution contain
ing 60 per cent tributyl phosphate and 40 per cent butyl ether 
is recorded In Table 11, The increasing value of the distribu
tion coefficient for zirconium with Increasing nitric acid con
centration suggests that the acid may be partially acting to 
salt out the zirconium. 

Table II 

Role of Nitric Acid in Separation 

M, 
HNOj 

3oO 
5oO 
6,0 
7oO 

^Zr 

0,81 
2.92 
5o99 
6013 

% f 

O0O30 
0,089 
Oo34 
0,55 

P 

26,7 
32.8 
17o8 
11.1 

^ Hf in 
Product 

0,15 
0.28 
0,76 
lo35 

The ability of ealcium nitrate to salt out the zirconium 
from the aqueous phase inay be ut.! lized t.o coanter-balance the 
decrease In distribution eoeff.icient accompanying the dilution 
of tributyl phosphate with butyl et^er or a decrease In the 
nitric acid Goricentratlon„ The latter concenti'ation diminishes 
the solubility of zirconyl chloride which detemines the capacity 
of a column operating on a^production basis. This effect of 
calcium nitrate is shown Iti Table III, These data were obtained 

Table irl 

Salting-out Effect of Calciuai Nitrate 

M, 
Ca(NO J g 

lo5 
2,0 
2,5 

Kzr 

2,03 
5o99 
11,08 

% f 

0,11 
0,34 
0,67 

P 
18.4 
17.8 
160 4 

fo Hf in 
Product 

0.37 
0.34 
l o l 

Q8 
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from an aqueous solution containing 0,5 M zirconyl chloride and 
6,0 M nitric acid. Equal volumes of the mixed organic solvent 
containing 60 per cent tributyl phosphate were employed. 

These data were extrapolated to show that a system using 
0,5 M zirconyl chloride, 5.0 H nitric acid and 1,66 15 calcium 
nitrate should give the desired combination of separation factor, 
column capacity and purity of product„ In later experiments 
calcium chloride, economically more feasible for the separation, 
was shown to Increase the separation factor to nearly 40, so this 
salt was substituted to salt out the zirconium. 

The basic design of a multiple stage extractor (Ames Labora
tory Internal Report AL-17) which was used to study the extraction 
of zirconium with countercurrent flow of the solutions is represented 
by a sketch of a single stage in Figure 1. The initial position 
in the cycle of events consists of the extractor being held with 
the mixer tube M in a. horizontal position. Prom this position the 
mixer tube which contains both immiscible phases is rocked through 
an arc of 30-40° till the two phases become thoroughly mixed or 
equilibrium Is approached. The motion is ceased allowing the 
separation of the immiscible phases, A clockwise rotation of 90 
drains the upper less dense (organic in this case) layer into 
reservoir R20 An additional 90° rotation causes the more dense 
(aqueous in this case) phase to flow into reservoir R-, , Rotation 
of 180° in a counter-clockwise direction them empties the contents 
of the reservoirs into mixers for the next cycle. A number of 
these stages side by side and in series are so connected as to 
cause the contents of the reservoirs to repeatedly flow in counter-
current directions as the above cycle Is repeated. Operation of 
such a battery of these stages would result in liquid-liquid 
countercurrent solvent extraction. The feed solution may be in
troduced at any of the stages, and aqueous scrub solutions and 
the organic solvent may be introduced at opposite ends. 

This basic design Includes an adjustable piston S at one end 
of the mixer tube. In this way the Interface position of the 
phases can be varied to give the apparatus the flexibility to 
accomodate changes in relative flow rateso An extractor con
taining twenty stages was constructed for experimental studies. 
Other designs for positioning the Interface in the equipment 
have been set up and tested. The adjustable piston shown in 
Figure 1, however, has proven very satisfactory for small scale 
laboratory separations. 

The multi-stage apparatus was used in the extraction of an 
aqueous feed solution consisting of zirconyl chloride, 1.66 M 
calcium chloride and 2,96 M nitric acid. An aqueous solution 
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containing 1,66 M calcium chloride and 5 M nitric acid was 
brought to equilibrium with an equal volume of organic solvent 
containing 60 per cent tributyl phosphate and 40 per cent butyl 
ether. The aqueous layer was used for the scrub solution and 
the organic layer constituted the extraction solvent in the 
experiment. The results obtained in three experiments using 
only eleven stages of the extractor are shown in Table IV, It 
has been shown by a, more sensitive analysis that the product 
zirconium actually retained less than 100 p,p,TOo hafnium from 
an original feed containing 2 per cent hafnium. In addition the 
system showed possibilities for the removal of many of the other 
metallic impurities associated with zirconium. Further tests of 
this observation will be made, since It may eliminate the necessity 
for the purification of zirconium tetrachloride or other zirconium 
salts used in the preparation of zirconyl chloride. It is evident 
that this system may be used in the preparation of pure hafnium, 
as well as for the purification of zirconium. 

Table IV 

Countercurrent Solvent Extraction of Zirconium 

Volumes, cc 
Organic Peed 

25 20 
30 15 
30 15 

./cycle 
Scrub 

8 
8 
8 

ZrOClp + HfOCl. 
in feed (Molarit 

0,65 
0,65 
0,41 

ŷ) 
Wto Per Cent Hafnium 
Pee'd' Raffinate Product 

2.0 24.8 
2,0 96,0 
60o0 99.6 

0,05 
0,05 
10,0 

Numerous variations were made in the design of the extrac
tion stage. These Included modifications so the sequence of 
events would follow a 360° cycle Instead of the l80° cycle des
cribed aboveo In this way the apparatus (Figure 2) may be 
mechanically operated with a -timed cycle of events with all rota
tions in the clockwise direction» An extractor containing twenty 
of these stages was designed and is being constructed. A large 
capacity extractor is being designed for pilot plant testing 
of this type of equipment for large scale production extraction. 
Designs are being formulated for setting up this type of extractor 
for automatic and remote controlled operation. 

Experimental work has been started on the use of other diluents 
for use with the tributyl phosphate, since it is believed that 

i 1 1 
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butyl ether may increase the contamination of the zirconium pro
duct with trlvalent cations. Kerosene, tetrachloroethylene, 
and hexone have been considered for this purpose. 

D, Preparation of Zirconium Tetrafluoride (K.A, Walsh, L, Abate). 

The method of preparation of zirconium tetrafluoride for use 
in the bomb reduction process has remained essentially the same 
as that described in detail in previous reports. Briefly, the 
method consists of adding aqueous hydrofluoric acid to solid 
zirconyl chloride (ZrOClp'8H20) to precipitate ZrFj^°H20, This 
wet precipitate Is separated from the supernatant solution and 
air dried until the composition corresponds approximately to that 
of a. tetrafluoride monohydrate. The monohydrate is dehydrated in 
an anhydrous hydrogen fluoride atmosphere at 300°C., followed by 
further treatment at 500°C„ 

Using the precipitation and dehydration method outlined 
above, approximately 340 pounds of zirconium tetrafluoride have 
been prepared from purified zirconyl chloride. Of this amount, 
115 pounds were low-hafnium zirconium fluoride (< 5OO p.p.m.) and 
225 pounds were high-hafnium zirconium, fluoride (2.0^). 

The preparation of zirconium tetrafluoride by hydrofluorina-
tlon of the oxide resulted in poor conversions. In some other 
methods employed for the fluoride preparation, the product some
times contains too much oxide to yield a. ductile zirconium metal 
from the reduction process. Separation of zirconium fluoride 
from less volatile metallic compound impurities, moisture, and 
non-volatile zirconium compounds was accomplished by a vacuum 
sublimation of the zirconium tetrafluoride» 

Sublimations were made with a stainless steel retort lined 
with Monel metal. The air-cooled condenser was also lined with 
Monel metal. Vacuum was obtained with a mechanical pump capable 
of giving 200-500 microns in the system. 

The rate of sublimation was studied as a function of tempera
ture o A time Interval of 6 hours was required for complete sub
limation of a. two kilogram charge, with a furnace temperature of 
750 C. This time was decreased to 2 and ^ hours by raising the 
furnace temperature to 900°Co An additional increase to 1100°C 
decreased the time for complete sublimation to 90 minutes. 

The purity of the sublimed product is also dependent upon 
the temperature of the furnace. The partial pressure of impurity 

"1 '-I 
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compounds is Increased with temperature, and the quality of the 
zirconium fluoride sublimed diminished with increasing furnace 
temperature, A compromise was necessary between the rate of 
sublimation and the purity of the product. The recommended 
operating temperature is 8O0-85O°C with a pressure of approximately 
300 microns. Under these conditions the sublimed zirconium 
fluoride yielded ductile zirconium metal. The contamination with 
metallic impurities in the fluoride was retained at the same low 
level as that obtained in the zirconyl chloride purification. 
Analysis of the product gave 12 p.p.ro. Pe, I6 p.p,m. N2, 50 p.p.m. 
Al, 13 p,p,m. Tl, 65 p,p.m. Ni, 5 p,p,m. Cu, 50 p.p.m. Si and 6 
p.p.m. Ca. The fluorine content of the fluoride was 45,2 per cent. 

E. Bomb Reductions of Zirconium Tetrafluoride (K.A. Walsh), 

Study of the variables Involved in the bomb reduction method 
for the preparation of zirconium metal was continued with special 
emphasis directed toward decreasing the hardness of the metal. 
Comparative evaluations of the hardness were made after vacuum 
melting the reduction product in graphite, 

in an attempt to improve the quality of the zirconium metal 
efforts were made to decrease the nitrogen and oxygen contamina
tion from the atmosphere. For this purpose an evacuation 
chamber was constructed in which the materials used in the reduc
tion were evacuated and flushed with argon. The chamber contain
ing the material was evacuated to approximately 50O microns. 
Argon was admitted until atmospheric pressure was equalized. 
Repetition of this procedure completed the treatment given 
refractory liner materials and the reduction charges„ During 
the addition of the charge to the bomb a stream of argon was 
admitted through a copper tube lowered Into the liner. These 
operations decreased the amount of air remaining in the bomb as 
evidenced by the decrease in nitrogen content of the resulting 
zirconium metal, 

A possible source of oxide contamination and thus hardening 
of the zirconium metal may be attributed to reaction between the 
molten zirconium-zinc alloy and the oxide refractory liner during 
the reduction. This possibility was investigated with the use of 
a graphite crucible in the bottom of a presintered calcium oxide 
liner. Under these conditions the final hardness of the zirconium 
was diminished an average of 5 points on the Rockwell "A" scale. 

14-
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The quality of the zirconium fluoride was demonstrated to be 
a factor in the hardness of the metal formed in the reduction. In 
one experiment ductile zirconium had been obtained, whereas in 
another case the metal was quite hard. The role of the fluoride 
was shown when a. mixture of the two fluorides gave metal of 
intermediate hardness. The only difference between these fluorides 
discernible by available analytical methods was a difference in 
moisture content. This factor was shown to be unimportant with a 
third lot of zirconium fluoride of low moisture content which 
gave a. hard metallic product from the reduction. This fluoride 
was then given additional treatment with anhydrous hydrogen 
fluoride at 500^0, The improvement in the quality of the fluoride 
was apparent with the resulting decrease in the hardness of the 
zirconium product as the time of hydrofluorlnatlon was Increased o 
From the data obtained it is evident that the quality of the 
zirconium fluoride is a factor in the hardness of the metal, 
although there are no analytical methods available to show these 
differences. However, it is possible to improve the quality of 
the fluoride by continued hydrofluorlnatlon. 

Zinc metal is added to the reduction charge to produce an 
alloy with zirconium which melts at a much lower temperature. 
This alloying addition greatly improves the recovery of zirconium 
in the massive form. An increase in the quantity of zinc metal 
added to the reduction charge gave an important decrease in the 
hardness of the zirconlu,m metal. The effect of the quantity of 
zinc included in a reduction charge containing 400 g, ZrPĵ , 64 g, 
Ip, and 252 g, Ca can be seen in the summary shown in Table V. 
Prom these data it appears that the hardness of the zirconium 

Table V 

Effect of Zinc on Hardness 

g. Zn in wt, loss Yield of Hardness 
Charge in casting Zr, fo of cast Zr 
100 --- --- A50 
80 51.5 89 A47 
60 50.6 95 A51 
40 26,4 90 A64 
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metal is unaffected above a certain minimum addition of zinc to 
the reduction charge. From the weight loss observed with the 
casting it is apparent that not all of the zinc is alloyed with 
the zirconium. The variations in yield of zirconium are probably 
not real, since they fall in the usual range observed in the 
small scale reduction of zirconium fluoride. 

The addition of excess calcium had been Instrumental In the 
past in the formation of zirconium of Improved quality. This 
factor was checked with the use of 80 g. Zn metal In the charge. 
In this ease the use of only 10 per cent excess calcium gave a. 
hard zirconium metal. The ductile product was obtained by in
creasing this quantity to 25 per cent. Further additions of 
excess calcium were unimportant in improving the quality of the 
metal above that obtained with the 25 per cent excess. 

The quantity of iodine which was employed for thermal effect 
in the reduction charge was found to have little effect upon the 
hardness of the zirconium formed o Of greater importance was the 
effect on the yield of zirconium obtained In the biscuit» Below 
a certain minimum quantity of iodine the yield of zirconium could 
not be reproduced, This minimum depended upon the previous 
history of the fluoride, 

For reductions of zirconium fluoride In a 2-| inch bomb the 
charge containing 400 go ̂ rPij., 80 g. Zn, 64 g, I2 and 252 g. Ca 
gave the most favorable combination of ductility and purity of 
the zirconium product. This combination was used in a study of 
the liner variable, since a Jolted liner of a, refractory material 
is preferable in scaling up the reduction process. Under these 
conditions zirconium metal of high quality was obtained in a 
Jolted liner of calcium oxide. The calcium oxide had been fired 
at 1600°C and pulverized to pass a 60 mesh screen. Electrically 
fused dolomltic oxide was not a satisfactory refractory since its 
use Increased the hardness of the zirconium. This was further 
demonstrated by adding quantities of calcium oxide and dolomltic 
oxide to the reduction charge. Calcium oxide caused no change 
in the quality of the zirconium metal, while the dolomltic oxide 
greatly increased the hardness of the product. An addition of 
zirconium oxide to the reduction charge resulted in an Increase 
in hardness of the zirconium. This Illustrates the detrimental 
effect of oxygen in the fluoride. 

The corrosion rate of zirconium metal formed in the reduc
tion process and cast In graphite is l4 mg./cm.^/mo in 600°P 
water. Grade I crystal bar cast under similar conditions had a 
corrosion rate of 84. An alloy of zirconium and tin can be 
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formed by adding metallic tin to the reduction charge. The re
sulting alloy of zirconium, zinc and tin was vacuum melted in 
graphite to eliminate the zinCo A 2 per cent tin alloy prepared 
by co-reduction had a corrosion rate of 0„3 mg„/cm,V™Oo Similar 
alloys formed by co-fusion of tin and zirconium require an alloy
ing addition of 5 per cent tin to decrease the corrosion rate of 
graphite-cast zirconium to this value. 

P. Electrodeposltion of Zirconium (P. Chiotti, R.M. Powers and 
G 7 " Tracy fZ ' ~~ 

Further work has been done on the electrodeposltion of zir
conium from fused salt baths. Work has been discontinued on the 
electrodepositlobi of zirconium from low melting salt baths since 
in each case the major part of the deposit consisted of very 
finely divided metal in a black matrix of unknown composition. 

Several runs have been made at 800 to 1000°C using high 
current densities and a Na,Cl-ZrP2|_ batho Coarse black sponge-like 
deposits were obtained from which fairly coarse particles of zir
conium metal were separated by crushing the deposit and washing 
with watero Approximately 60^ of the metal recovered consisted 
of a very fine black powder which could not be washed free of 
impurities. Much of the impurity is believed to be due to 
hydrolysis of zirconium salts during washing. 

Electrolysis of a NaCl-K2ZrPg bath at about 800°C in the 
equipment shown in Figure 3 also gave a sponge-like deposit. 
Cathodes of metal, water cooled, and of graphite have been used 
in the electrolysis. Considerable reaction usually occurred on 
the graphite cathode giving very poor quality zirconium, while 
the deposits on water cooled metal was much improved (see Figure 
^ ) . 

G, Kroll Process Zirconium (B.A. Rogers and W.N, Miner), 

Further work on making zirconium by the Kroll process of 
reducing ZrClij. with magnesium has resulted in the production of 
a. small amount of zirconium. An ingot of this metal made in 
the tungsten arc furnace had a hardness of Rockwell A 50 and 
could be reduced 90 per cent in thickness by cold-rolling. The 
best fesults were obtained when a maximum charge of 1250 grams 
of ZrClh was allowed to react with 342 grams of magnesium to 

I '7 
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Plgo 3» Electrolytic Zr Deposits 
Zr powder deposited on both one inch graphite (A)^ and on water 
cooled nlokel (B) cathodeso Wide spread interaction with the 
graphite is evident,, A fragment chipped from the deposit on 
the nickel cathode shows the relative amounts of Zr gowder 
(dark) and salt (white) at the outer portions of the deposit* 

Pig« 4o Electrolysis Crucible and Container 
From right to left are shown a nickel crucible holder with its 
anod® conneetions. a 5" I»D. graphite crucible for holding the 
fused salt, and a need for withdrawal and cooling of the cathod© 
deposit under argon» The 3500 gram salt mixture used as th© 
©lectrolyt© Is shown in the foregroundo A resistance pot 
furnac® is ua«d to heat the charge for electrolysis^ 

" 16 
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give 200 grams of recoverable zirconium„ Smaller charges of ZrClij. 
gave zirconium with much higher hardness, usually from Rockwell A 
60 to A 70, This harder metal was also considerably less ductile. 
It was further noted that softer metal was obtained if the sponge 
zirconium was arc melted immediately following the purification 
step of removing magnesium and its salts. Sponge that had been 
allowed to stand in the laboratory for several days before being 
melted gave metal with a hardness of Rockwell A 60 as compared 
with A 50 when melted Immediately, New equipment under construc
tion will permit the operation to be scaled up to about 500 grams 
of zirconium per run. 

H, Corrosion Testing of Zirconium Alloys (B.A. Rogers, and J, T, 
Williams)" — — 

The corrosion testing of zirconium-base alloys has been 
continued on a routine basis. The procedure remains essentially 
the same as that reported in ISC-I28. A number of binary zir
conium alloys containing small percentages of cerium, copper, 
lanthanum, neodymlum and praseodymium were tested and found to 
have very poor corrosion resistance. On the other hand, tests 
on zirconium-antimony alloys have shown indications of good 
corrosion resistance. 

Recent work with some of the zirconium-tin alloys seems to 
show that for each tin content there is a. definite amount of car
bon that can be tolerated without destroying the resistance to 
corrosion. This maximum a.mount probably is of the magnitude of 
a few thousand p„p.m. but the data are still insufficient to 
establish definite limits. Zirconium-tin alloys melted in a 
graphite crucible in a resistance furnace have consistently 
shown considerably greater corrosion resistance, than similar 
alloys melted in graphite in a. high frequency induction furnace. 
Both sets of alloys were made from zirconium produced in the 
Ames Laboratory. The tests extended over a period of 472 hours. 
The difference in corrosion resistance may be due to the lack of 
stirring action in the melt in the resistance furnace and the 
consequent minimizing of carbon contamination from the graphite 
mold. 

Table VI summarizes the recent corrosion information for zir
conium alloys cast in graphite while Table VII summarizes the 
data for arc-melted zirconium alloys. 
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Table VT 

Corrosion of Zirconium Alloys Cast in Graphite 

Alloying 
addition 
wto fo 

Method of Preparation 
Corrosion Duration 

rate of test 
rog/cffl'^/mo hrs. 

complete 
complete 

26 
complete 
106 
56 

complete 
510 
0,5 
14 
6 
2 
0,4 
97 
9 
1.2 
1 
0.3 
0,4 
0,2 

100 
6 
13 
11 
5 
17 
0.2 
16 
20 
15 
22 
10 

lost wt 
0,1 
5 

lost wt 

oxidation 
oxidation 

88 
oxidation 

88 
88 

oxidation 
88 
837 
318 
318 
318 
318 
318 
239 
318 
318 
318 
318 
976 
318 
130 
318 
318 
318 
318 
867 
318 
318 
318 
318 
318 
136 
136 
464 
400 

2 Ce 
2 Ce 
0,76 Cu 
3.25 Cu 
La 
Nd 
Nd 
Pr 
Sn, 
Sn 
5 Sn 
Sn 
Sn 

0 Zn 
0 Sn 
2 Sn 
Sn 
Sn 
Sn 
Sn 

0 Sn 
0 Sn 
2 Sn 
Sn 
Sn 
Sn 
Sn 
Sn 
Sn 

3 Sn 
4 Sn 
5 Sn 
0.5 Sb 
1 Sb 
5 Sb 
10 Sb 

2 
2 
2 
2 
5 
0 
0, 
1 
2 

3 
4 
5 
5 

3 
4 
5 
5 
0 
2 

Bomb reduction 
Co-melted with Ames zirconium 
Bomb reduction 
Bomb reduction 
Co-melted with Ames zirconium 
Bomb reduction 
Co-melted with Ames zirconium 
Bomb reduction 

1 Pb Co-melted with crystal bar zirconium 
Bomb reduction, resistance melted 
Bomb reduction, resistance melted 
Bomb reduction, resistance melted 
Bomb reduction, resistance melted 
Crystal bar zirconium, induction melted 
Crystal bar zirconium, resistance melted 
Co-melted with crystal bar zirconium, induction melted 
Co-melted with crystal bar zirconlura, 
Co-melted with crystal bar zirconium, 
Co-melted with crystal bar zirconium, 
Co-melted with crystal bar zirconium. 
Bureau of Mines zirconium. Induction melted 
Bureau of Mines zirconium, resistance melted 

induction melted 
induction melted 
induction melted 
resistance melted 

Co-melted with Bureau of Mines 
Co-melted with Bureau of Mines 
Co-melted with Bureau of Mines 
Co-melted with Bureau of Mines 
Co-melted with Bureau of Mines 
Ames zirconium, induction melted 

zirconium, 
zirconium, 
zirconium, 
zirconium, 
zirconium. 

induction melted 
induction melted 
induction melted 
induction melted 
resistance melted 

Co-melted with Ames 
Co-melted with Ames 
Co-melted with Ames 
Co-melted with Ames 
Bomb reduction 
Bomb reduction 
Bomb reduction 
Bomb reduction 

zirconium, 
zirconium, 
zirconium, 
zirconium. 

induction melted 
induction melted 
induction melted 
induction melted 



Table YU 

Corrosion of Arc Melted Zirconium Alltj^s 

: ^ 

Alloying 
addi t ion 

wt. ^ 
Method of Preptaratlon 

Corrosion Duration 
r a t e of t e s t 

mg/ciB^^mo hrs» 

0,5 Gu Borah rediuctlon 
0,5 !?b oeMBettfe^iritit Bateau, of Mines zlroenlfflH 
1 N¥ CeHselted. with Bureau x>f Mines zire-enlum 
1,5 Bb Co-melted with Bureau of Mines zirconium 
2 Nb Co-welted with Bureau of Jfines zlreenium 
2,5 Hb e-o-meltect with "Bureau of Mines zlTCOnium 
3 Nb Co-^melted with Bureau of Mines ^iFoonlwm 
4 Nb Co-melted Tdth Bureau of W.nes zlroonium 
5 Nb Co-melted with Bureau of ^ Ines 2lroDnliH!) 
5 Sn Co-melted with Bureau of Mines zirconium 
IQ S« CoHBselted with Bureau o^-Mines zirconium 
15 in Co-welted with Bureau ©f Mines zirconium 
25 Sn co-melted with Bureau of Mines izlrconlum 
30 Sn Go-arelted with Bureau of Mines zti^cenlia 
0,2 Nh,5 S» C0*»eltM irttfr*BHrea» of iB:»e» slro®iitt» 
0 ,5 Mh,5 Sn Go-welted with Bureau of Mines zirconium 
15 Ta Go-melted with Bureau of Mines zirconium 

38 
2 
7 
11 
2 
2 
2 
4 
2 
0,1 

lost wt 
tost wt 

35 
complete 
lt>st wt 

0,2 
0,5 

T8 
264 
130 
130 
264 
264-
264 
264 
264 
737 
272 
272 
432 

oxldatlcm 
500" 
737 
556 
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No significant differences have yet been found between the 
corrosion rates obtained in crevice corrosion tests and those 
obtained in the standard tests on similar material. However, the 
crevice corrosion tests should be more fully investigated before 
conclusions are drawn. 

The bombs used in corrosion testing have been modified with 
a view toward making them safe for tests at 400°C. The minimum 
effective wall thickness has been increased from about 1/4 inch 
to about 1/2 inch thus roughly doubling the strength of the bomb. 
It is expected that corrosion tests at higher temperatures will 
show up poor metal much faster and will accelerate the tests 
so that the amount of information made available over a period 
of time will be considerably increased. 

I. Tin-Zirconium Alloy System (O.N. Carlson, J.M. Dickinson, P. 
Armstrong and Do J. Kennefy, 

A study of the tin-zirconium binary system has been made as 
part of the program being carried out on the above alloy. This 
has been investigated extensively and an equilibrium diagram pro
posed on the basis of existing data. The results will be sum
marized in a. paper to be presented at the Materials and Metallurgy 
information meeting at Oak Ridge in April, 

The phase diagram has now been revised somewhat from the 
tentative one postulated in the previous semi-annual report and 
now appears in the modified form shown in Figure 5o There is 
still some uncertainty as to the exact limits of solid solubility 
in alpha zirconium, otherwise that portion of the system is 
believed to be well confirmed. The tin-rich end of the system 
has also been studied quite extensively although the exact compo
sition of a compound lying at around 72^ tin has not been estab
lished conclusively. The possibility of a compound associated 
with the peritectoid for zirconium rich alloys has been considered 
but Investigations to date have revealed no supporting evidence. 

Alloys were prepared from crystal bar zirconium and pure bar 
tin in graphite crucibles and melted In an induction furnace. Prom 
0,15 to 0,2^ carbon is introduced by the graphite crucible but 
this amount does not noticeably affect the alpha-beta transition 
temperature in zirconium and prooably has only very minor effects 
on liquldus and solidus positions. Arc melting and resistance 
furnace heating were also tried in alloy preparation but a 
strong tendency toward segregation was frequently observed in 
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such alloys. The zirconium solidus curve was determined by 
employing the method of Pirani and Alterthum on bars of various 
alloy compositions. The solidus temperatures were taken as the 
temperature at which liquid was first observed upon heating. 

The alpha-beta transition points were determined from cool
ing curves in which a differential thermocouple technique was 
employed measuring the temperature difference between the alloy 
and a reference specimen or so called "neutral body". Tem
perature versus differential temperature were plotted on a Leeds 
and Northrup X-Y recorder» 

The tin-rich liquldus points were obtained from the chemical 
analysis of the liquid which was formed by maintaining molten tin 
in contact with an excess of pure zirconium) at various tempera
tures, 750°, 850°, 950° and 1100^0 for about one-half hour. 
Longer annealing periods tended only toward the formation of 
more solid compound while the tin rich liquid phase decreased 
but maintained constant composition. 

The melting point of the assumed compound, ZrpSn was approxi
mated from casting data. The alloy corresponding to ZrSn2, how
ever, seems to decompose rather vigorously at about 1500°C when 
heated in a vacuum. 

The location of the eutectlc at about 21^ Sn is based on 
microscopic evidence (Figure 7) as is the location of the compound 
at about 40^ Sn which corresponds most closely to the composition 
Zr2Sn, The mierostructure of a 30^ Sn alloy (Figure 8) reveals 
the presence of a primary compound phase plus eutectlc. From X-
ray powder data on annealed samples of l4, 21 and 30^ Sn alloys 
the two phases present were Identified as alpha solid solution 
and the assumed ZrpSn. 

The limits of solid solubility were assigned from the micro-
structures of quenched alloys. The results of a series of quenches 
are represented in Figure 6. The 800°, 970°, 1050° and 1135°C 
series were annealed for periods of 24 hours prior to quenching 
in water. In quenching from the higher temperatures, the alloys 
were annealed for about one hour at temperature in an induction 
furnace and then quenched in molten Wood's metal, the entire 
operation being carried out under vacuum. 

The solid solubility of tin in beta zirconium was found to 
increase sharply with increasing temperature reaching a maximum 
of approximately l^f, Sn at the eutectlc temperature (Figure 9 and 
10). The limit of this solubility decreases to less than l4^ Sn 

••̂" 6Z^ 
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Plgo 7o Tln-Zirconixiia Alloy^ 
20,9 per cent tino Eutectic, 
All samples etched with 1% HP 
4- HNO30 250X0. 

Pigo 80 Tin=Zirconium Alloy* 
29o4 per cent tin« As caste 
Eutectle plus Gompound„ 150X. 

Pigo 9o Tin-Zirconium Alloy, 
18.5 per cent tino Two phases 
quenched from 1500°Co 150Xo 

Plgo lOo Tin-Zirconium Alloy. 
13o9 per cent tino. Quenched 
from 15000co One phase alloy, 
150X» 
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at 1445 (Figure 11 and 12), and to less than 12„5^ at 1275°C 
(Figure 13 and l4)„ At the peritectold temperature, 1010 Ĉ  the 
maximum beta solubility is more difficult to assign from quenching 
data. Since the alpha-beta transformation has been raised how
ever, the solubility in alpha must be greater than in beta which 
fact along with the thermal data tend to place the solubility of 
tin In beta zirconium at about 8^ at the peritectold„ 

The alpha solid solution region has also been Investigated 
by quenching and by X-ray studies. Prom a maximum of approximately 
10^ Sn at the peritectold the solubility decreases slightly lying 
close to 10^ Sn at 800°C (Figures 15 and l6) and at 7 to 8^ at 
room temperature. These limits are subject to considerable error 
however; the presence of the carbide phase makes differentiation 
between one and two phase structures somewhat difficult,, There 
is also the question of whether complete equilibrium has been 
attained since precipitation of the compound phase from solid 
solution does not take place unless the alloy has been cooled 
very slowly. In the alloys as cast^ one phase structures are 
retained in alloys containing as high as 12,7^ Sn but upon cool
ing from lOOO^C to room temperature over a 36 hour period preci
pitation has been observed in the 9.7^ alloy (Figure 17 and I8). 

X-ray studies made in the alpha region support the above con-
claslonso A series of alloys prepared by identical procedures 
differing only in tin content were examined to establish the 
effect of tin upon the lattice constants of zirconium. Preci
sion pictures were taken with a self focusing back reflection 
camera on this series which had been prepared from Hafnium free 
grade A crystal bar and contained carbon as the major impurity. 
The results of these measurements are given in Table VIII, The 
calculations of the lattice constants from sln^ 0 values were 
refined by means of Cohen's analytical extrapolation method. 

Table VIII 

Sample 

Literature 
Crystal bar Zr 
1,94^ Sn 
5.0^ 

ao (A) 

3.228 i ,001 
3,2264 1 ,0001 
3,2239 
3o2l39 

Co (A) 

5>140 4 
5ol39 i 
5ol4l 
5ol40 

,001 
,001 

Impurity 

Hf 
2400 ppm C 
1300 ppm C 
2000 ppm C 
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Pig, llo Tin-Zirconium Alloyo. 
13.,9 per cent tino Quenched 
slowly from 1445°Co Undissolved 
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25QX« 
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Pig, 13, Tin-Zirconium Alloy, 
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Pig, 15o Tln~Zirconium Alloy» 
11o4 per cent tino Quenched 
from 800^0o. A Second phase 
appears as fine preclpltateo. 
25 OX. 

Pigo 17„ Tln-Zlrconlum Alloys 
12,7 per cent tin. As cast 
alloy showing single phase 
appearanceo 250Xo 

Pigo 16o Tln»Zirconium Alloy« 
9o7 per cent tino Quenched 
from 800°Go One phase except 
for presence of carbide 
structiiTOo 150Xo 

Plgo 18o. Tin-Zirconium Alloy^ 
9o7 per cent tin„. Annealed 
and cooled very slowly. Small 
compound needles have precipi
tated during annealing, 250Xo. 
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The B.Q value. It can be seen, is decreased by o0'15 Sngstroros 
whereas the z parameter, c^, is almost unchanged. The cell con
traction on addition of tin points to a substitutional type solu
bility m which the smaller radius tin atoms replace the some
what larger zirconium atoms. 

Future work will Include determination of the structures of 
the compounds by X-ray diffraction studies and refinement of the 
solid solubility limits, 

Jo Zirconium-Niobium Alloys (B,A„ Rogers, E,So Hodge, G,E. Faulkner, 
RTlT'Klelnt, D,lT Harrington, J.E, Ross and G«Lo Stocking), 

A tentative phase diagram, shown as "Figure 19^ has been con
structed for the zirconium-niobium alloy system up to 25 per cent 
niobium. Alloys up to 35 per cent niobium have been heat treated^ 
and alloys from 40 to 100 per cent niobium have been .prepared 
but not yet studied. 

Bureau of Mines zirconium sponge was heated to about 1500°C 
for a period of from 3 to 4 hours, depending on the amount of sponge, 
under a vacuum of about 0,2 micron in order to distill off some 
of the impurities. The purified sponge resulting from this treat
ment was pressed together with small pieces of sheet niobium 
obtained from the Pansteel Metallurgical Corporation, The tablet 
thus obtained was melted in a tungsten electrode arc furnace 
under atmospheric pressure of purified helium. In the early 
stages of the investigation, niobium powder, obtained from the 
Pansteel Metallurgical Corporation, was used in making alloy 
specimens. However, the powder contained about 0„5 per cent 
impurities, mainly tantalum and carbon. Therefore, niobium 
sheet, which contained only traces of impurities according to 
analyses supplied by the company, was used subsequently. Usually, 
button-shaped ingots weighing about 70 grams were prepared. As 
a means of improving their homogeneity, the buttons were remelted 
after being Inverted, 

The solidus line has been established up to 40 per cent 
niobium by means of melting-point data, A small-diameter, shal
low hole was drilled at the mid-point of and at right angles to 
the longitudinal axis of a ̂  inch diameter by Ss inch long, 
swaged alloy rod„ A high current passed through the rod caused 
it to heat. When molten material appeared in the hole the tem
perature was determined with an optical pyrometer. 
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One method of determining transformation points was by 
microscopic study of specimens quenched from successively lower 
temperatures. Quenching temperatures of 1200, 930, 900, 850, 
750, 700, 650, 600, 550, 500, 450, 400°G were used. The specimens 
which were quenched at 900^0 or lower were all heated to between 
925 and 950°C, slowly cooled to the quenching temperature and 
then quenched in oil. Those quenched from above 900°C were beated 
to about 1500^0 and slowly cooled to the quenching temperature 
before being plunged into the oil bath. The heating and quenching 
were carried out at pressures between 0,02 and 0„04 micron. 

Photomicrographs showing the structure of the 1 and 2,5 per 
cent niobium alloys quenched from 650°C, the 5 per cent alloy 
quenched from 550 C and the 10 per cent alloy quenched from 1000°C 
are shown as Figures 20^ 21, 22, and 23 respectively. 

Thermal arrests were found from curves obtained with a dif
ferential thermocouple connected to a Leeds and Northrup X-Y 
recorder. In this procedure a nickel standard specimen and an 
alloy specimen of equal volume, were placed in a 1-|- Inch 0, D, 
silica tube, and the assembly placed in an electrical resistance 
furnace. Plotting of the heating and cooling differential curves 
between the two specimens was enabled by the following circuit. 
The differential thermocouple was connected so that Alumel wires 
extended from the alloy specimen ahd the nickel standard to the 
Y terminals of the recorder and a Chromel of wire connected the 
two specimens. In order for the null point to come midway on 
the vertical axis of the strip chart of the recorder a.n external 
EMP of 5 millivolts was Impressed on the circuit. This gave an 
effective range-of 10 millivolts, 5 millivolts on either side of 
the neutral position on the chart. At the same time another 
thermocouple enabled the temperature inside of the silica tube to 
be plotted along the X axis of the recorder. The thermal data 
were obtained under a. vacuum of from 0,04 to 0,1 micron, 

Some X-ray data and hardness tests were also used to check 
the data obtained from the thermal studies and from the micro-
structure of the alloys. Some of the results of the hardness 
tests are listed In Table IX and Table X, In Table IX the abrupt 
change in hardness between the specimens quenched from 700°C and 
those quenched from 65O C presumably is a result of the alloy 
transformation at 680^C, In Table X the limit of solid solubility 
at about 600°C Is evidenced by the change In hardness between 
the 4 and 5 per cent niobium alloys. 

In general the alloys can be swaged, rolled, drilled and 
otherwise machined readily. Total reductions in thickness of 96 
per cent have been obtained with the 1 and 2 per cent niobium 
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Plgo 20o Zircon!um=WicbiuBi 
Al loyo 1 p e r c e n t Niobiiamo. 
Quenched i n o i l from eSQOCo. 
250Xo E t c h e d w i t h HffHCltH20< 

Plgo 21o Z i r c o n i u m - F l o b i u m 
Al loyo 80.5 p e r c e n t nlobiuHi« 
Quenched I n o i l from 650°Go 
250X0 E tched w i t h Hf+HGl+HgOc 

P lgo 22o Zirconl \ jm»Nloblum 
Al loy , . 5 p e r c e n t nloblimio. 
Quenched i n o i l from 550^0„ 
250X0 E t c h e d w i t h Hf-fHNOj^ 
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Plgo 23« ZlrconluBi^Nlobiim 
Alloyo 10 per cent nioblum«. 
Quenched In oil from 1000°Co 
750X0. Etched with Hff-HNOr̂ fHCl-f 
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Table IX 

Hardness of Two Zirconium-Niobium Alloys Quenched 
from Different Temperatures 

6 per cent niobium alloy 
Quenching Hardness 
temperature Rockwell A 

°C scale 

10 per cent niobium alloy 
Quenching Hardness 
temperature Rockwell A 

°G scale 

930 
900 
750 
700 
650 
600 
500 
450 

o5 

o5 
o5 

o5 

Table X 

1200 
930 
900 
850 
750 
700 
650 
600 
550 
500 
400 

66,5 
62 
62,5 
63 
63o5 
63 
57.5 
57 
56,5 
54,5 
55 

Hardness of Several Zirconium-Niobium Alloys 
Quenched from 600^0 

Niobium, per cent Hardness, Rockwell A scale 

1 
2 
3 
4 
5 
6 

48 
48,5 
49 
48,5 
54,5 
55o5 
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alloys by a combination of hot and cold-rolling. The steel-jacketed 
specimen can be hot-rolled to about 40 per cent reduction, the 
Jacket removed, and the slab reduced over 50 per cent more by cold-
rolling. Gold reduction of about 80 per cent in area has been ob
tained by swaging the 1 and 2 per cent niobium alloys, ¥ire 0,031 
inch in diameter has been made from these alloys. 

Some of the tensile properties have been determined on the 
annealed 1 and 2 per cent niobium alloys, It was noted that the 
ultimate strength increased greatly as the rate of stressing the 
specimen Increased, The data shown In Table XI were obtained at 
a rate of stressing of 0,01 inch per minute, A rather low capacity 

Table XI 

Tensile Properties of Two Zirconium-Niobium Alloys 

Niobium Yield strength ' Ultimate strength Elongation Modulus of 
per cent psi psi per cent Elasticity 

1 45,000 5^,000 62 15,000,000 
2 61,000 66,000 62 15,000,000 

*for 0,2 per cent total elongation 

for work hardening is evidenced by the relatively small difference 
between the yield strength and the ultimate strength. Hardness 
tests on the specimens in the hot worked condition compared with 
similar tests on the same specimen after being cold worked seem 
to verify this. 

Some data, regarding the corrosion resistance of these alloys 
In slngly-dlstllled, air-saturated water at 315°C are included in 
Table XII, These data were obtained from alloy specimens made 
from Bureau of Mines zirconium sponge and Pansteel Metallurgical 
Corporation niobium powder. 
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Table XII 

Corrosion Rates for Some Zirconium-Niobium Alloys 
In Distilled Water at 315°C 

Niobium Time of Run Corrosion Rate 
per cent hours mg/cm^/mo 

5 
5 
4 
3 
2,5 
2,5 
2,0 
1,0 
»5 

224,5 
263 0 8 
263 o 8 
263 o 8 
263o8 
130,2 
263 08 
130,2 
263.8 

3o0 
2,1 
3o5 
2,0 
1,9 
3oO 
3o6 
7.4 
2,0 

K, Antimony-Zirconium Alloys (D, Peterson, R„ Russl), 

Because of the relatively low neutron capture cross section 
of antimony, about two per cent can be alloyed with zirconium 
without contributing unduly to the total cross section of the 
alloy. The effects of antimony additions on the corrosion be
havior of zirconium are being investigated. 

The alloys could not be prepared by ordinary co-melting of the 
two metals because of the low boiling point (1380°G) of antimony. 
Even under atmospheric pressure at temperatures slightly above 
800°C diffusion experiments were difficult to perform because 
of the high volalillty of the antimony. 

Alloys made by bomb reduction proved to yield a. much lower 
per cent of Sb than that added to the charge. The alloys formed 
in graphite lined bombs showed a relatively higher percentage of 
antimony than alloys formed in oxide liners, but this difference 
could be due to the lower metal yields obtained in the graphite 
liners, 

It was found that by sealing a charge of sponge zirconium 
and antimony in a stainless steel pipe, raising the temperature 
to 900°C, and allowing the antimony to diffuse into the zirconium 
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for about 24 hours that the resultant alloy could be melted with 
a low loss of Sb, provided the Sb content was below that of the 
compound. 

The compound was Isolated in this manner. An excess of Sb 
was added to the Zr and allowed to react. Then the mixture was 
cast under vacuum and the Sb in excess of the compound was boiled 
off. By the initial weight of metal added and loss in weight due 
to evaporlzatlon of Sb it was found that the compound is about the 
composition of ZrgSb, The analytical results are not yet avail
able so this stoichiometric formula has not yet been definitely 
established. Investigation of the crystal structure of the com
pound is now being done. 

By running ordinary cooling curves no transformations are 
evident in this system. However by the use of a differential 
cooling curve run on an X-Y-recorder a break was picked up around 
900 to 925°C on the 1,6^ antimony in zirconium. 

Corrosion 
No, 

A-224 
A-223 
A-249 
A-249 
A-250 
A-250 
A-251 
A-251 
A-252 
A-252 

Adde 

5 
10 
0,5 
0,5 
0,5 
0,5 
5oO 
5«0 
1,0 
1,0 

Table XIII 

d ^Sb 

(as reduced) 
(as reduced) 
fas cast) 
fas cast) 
(as cast) 
(as cast) 
fas cast) 
(as cast) 

Actual ̂ Sb 

not known 
1,6 
,07 
,07 
,07 
,07 
,44 
,44 

Hrs. of Corr, 

501 
501 
136 
274 
136 
274 
136 
274 
136 
274 

Rate 
mg/cmV'̂ o'̂ th 

4,7 
0,32 
high 
high 
4,4 
5oO 
0,21 
0,21 
0,12 
0,29 

Corrosion tests on several samples show that the addition of 
antimony in small amounts reduces the corrosive tendencies in 600°P 
water markedly (Table XIII)„ It is not known whether the small 
a.mount of Sb that gets into the Zr is responsible for the Increase 
in corrosion resistance of whether the Sb acts as a. scavenger to 
take undesirable impurities from the Zr, 
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Quenching experiments and mlcrostudles are also being made 
on the high zirconium end of the binary system in order to obtain 
data, for the phase diagram, 

L, Zirconium-Carbon System (P, Chlottl), 

An attempt has been made to determine the llquidus curve for 
the zirconium-carbon system , Bureau of Mines zirconium sponge 
metal was heated to various temperatures in a graphite crucible 
and held at temperature for approximately 25 minutes. The sam
ples thus prepared were then cooled to room temperature and the 
center portion of the charge analysed for carbon content. The 
results obtained are given in Table XIV, 

Table XIV 

Carbon Content of Zirconium Heated in 
Contact with Carbon 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

The mlcrostructure of sample (10) heated to above 2800°C shows 
a very definite eutectle structure. Sample (9) heated at 2790-
2800°C showed a. structure of carbide dendrites in a metal matrlxj 
the region in direct contact with the graphite crucible showed 
that a small amount of eutectle had formed indicating that the 
eutectle temperature Is approximately 2800°Co On the basis of 
these observations the eutectle temperature has been approximated 

Temperature 
°C 

1820-1830 
1920-1935 
1950-1970 
2070-2100 
2135-2145 
2330-2370 
2545-2565 
2690-2710 
2790-2800 
2845-2855 

Time at 
Temp „ Minutes 

25 
25 
25 
25 
25 
25 
26 
25 
15 
14 

Weight % 
Carbon 

0,35 
0,48 
0,47 
0,56 
0,78 
1,98 
2,81 
3o70 
4.40 
19ol5 

iS 
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at 2800 1 50°C. The sample heated to l820-l830°C had definitely 
melted and chemical analysis gave a carbon content of 0=35 weight 
per cent. This would Indicate that small amounts of carbon 
lowers the solldus temperature» Further work will be done to 
determine whether this lowering of the melting point of zirconium 
is actually due to carbon. All the other alloys listed in Table 
XIV have a dendritic structure. 

Table XV 

Thermal Analyses of Zirconium-Carbon Alloys 

Sample 

Sponge 
Crystal Bar 

3 
4 
7 
8 
9 

Composition wto ^ 
Carbon Nitrogen 

0o47 0OO5 
Oo56 oOll 
2o8l oOl4 
3o70 oOl4 
4o40 0O37 

Thermal 
Heating 

862-882 
878-896 
862-890 

874-894 

Arrest °C 
Cooling 

900-855 
878-852 
900-862 
896-862 
881-862 
890-865 
880-861 

Differential thermal analyses show no definite change in the 
transition temperature. The data obtained is shown in Table XVo 
The heating and cooling rate was approximately 10°C/mln„ and the 
system was maintained at a pressure of Ool to 0o02 microns of 
mercury. The temperature difference between the specimen and a 
neutral body of nickel was measured. 

The zirconium sponge used shows a transformation range of 
approximately 45 C. This is believed to be due to oxygen and 
nitrogen in the sponge as received and to small amounts picked 
up during thermal analysis» 

X-ray analyses of sample (10) gave a lattice constant for 
ZrC of 4.6958A and sample (8) which consisted of carbide dendrites 
in a zirconium matrix gave a lattice constant of 4„709A for the 
carbideo This variation may be due to solid solubility of either 
carbon or zirconium in the monocarbideo Further work will be 
done to determine the limits of solid solubility» Further work 
will be done on this systemo 
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M, Zirconium-Oxygen System (P, Chlottl) 

Some preliminary work has been done on this system. The 
change in electrical resistance with temperature of a number 
of samples of crystal bar containing varying amounts of impurities 
was measured in order to determine their probable effect on sub
sequent studies of the zirconium-oxygen system, and in particular 
the effect of these impurities on the zirconium transformation 
temperature, 

The method used in measuring the change in electrical resistance 
with temperature is described in ISC-IO3, During these measurements 
a vacuum of 0,003 to .02 microns of mercury was maintained in the 
system, with the exception of runs with samples 2 and J, Table XVI, 

Table XVI 

Transformation In Zirconium 
Crystal Bar 

Sample Chemical Analysis, ppm 
N Fe 

Transformation Temp, ̂ C 
Heating cooling 

Start Finish Start Finish 

1 
2 
3 
4 
5 
6 
7 

75 
89 
446 
61 
76 
165 
363 

4540 
3370 
1434 
300 
242 
125 
83 

780 
800 
830 
790 
865 
830 
855 

870 
900 
930 
880 
890 
885 
960 

860 
890 
890 
870 
880 
872 
940 

760 
790 
800 
800 
850 
825 
855 

in which case the pressure varied from 0,02 to 0,1 and 0,04 to 0,1 
microns respectively. The average heating or cooling rate through 
the transformation range was maintained at approximately 1°C per 
minute. The results obtained are given in Table XVI. 

Chemical analyses shows varying amounts of nitrogen and iron 
which in part explain the variation observed. These same samples 
are also to be analysed for oxygen content. Sample 1 was also 
checked by thermal analysis and the results obtained agree very 
closely with those given In the Table, 
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It Is evident that the lowering of the transformation tem
perature Is definitely related to the amount of iron in the 
samples and that even very small amounts produce an appreciable 
effect. 

An attempt was also made to obtain diffusion bands between 
zirconium dioxide and. zirconium by heating the metal in centact 
with the oxide, A small piece of massive metal was tightly packed 
In zlrconla powder and then heated In a graphite crucible by 
means of an Induction furnace. The diffusion bands obtained in
dicated the existence of a eutectle with a melting point of about 
1700°C as previously reported. However, X-ray powder diffraction 
patterns taken on material from the surface of the zirconium 
showed considerable conta.mlnatlon by ZrC, An alloy containing 
approximately 50 atomic per cent oxygen was then prepared by the 
arc fusion method. In this case the alloy obtained consisted of 
well formed dendrites in a. Zr-0 solid solution and no evidence 
for eutectle formation could be observed. 

Work on this sytem will also be continued. 

No Germanium-Zirconium Alloys (0,N, Carlson, and P,E. Armstrong), 

The Ge-Zr system has been investigated by preparing alloys 
from Belmont powdered germanium and massive grade III reject 
crystal bar by induction and arc melting. Thermal, microscopic, 
and X-ray data, have been taken, A tentative diagram Is In Figure 
24, Two compounds are indicated from X-ray data obtained from 
the 20, 40, 60 and 80 per cent germanium alloys. The solid solu
bility limit of Ge in alpha Zr is less than 1/2 per cent, Eutectle 
and compound compositions have not been checked by chemical 
analysis and their melting points have not been determined accurately. 
Alloys containing more than 20 weight per cent germanium appear to 
be exceedingly hard and brittle. 
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THOBIUM 

A, Experimental Bomb Reductions of Thorium Fluoride (K.A. Walsh), 

Modifications of the Ames reduction process for thorium metal 
are being tested. These changes are adaptations from the methods 
developed for zirconium, since the latter is quite susceptible 
to oxide contamination from the charge components or from the 
atmosphere. The usual process for thorium metal consists of a 
reduction of thorium fluoride by calcium in steel bombs lined 
with electrically fused dolomitic oxide. Zinc chloride Is added 
to the reduction charge as a booster reagent and to supply an 
alloying addition of zinc. 

Substitution of zinc metal and iodine would Increase the cost 
over that determined with the 
use of zinc chloride assuming no recovery of the iodine. This 
substitution would avoid oxide contamination resulting from the 
hygroscopic property of zinc chloride. Preliminary work on the 
experimental scale has emphasized the determination of the con
ditions giving a satisfactory yield of thorium metal. The quantity 
of iodine added to the experimental reduction charge has been 
varied and a maximum yield of thorium of 82 per cent was ob-
tained%. A small scale reduction using the 
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C„ Welding of Thorium (D Peterson) 

A preliminary investigation was made of the problem of join
ing thorium metal to Itself and to other metals. The use of 
silver solder was unsatisfactory because of the formation of a 
brittle phase In the joined area. Thorium sheet was successfully 
spot welded to itself and to tantalum and molybdenum sheet with
out tHe use of a protective atmosphere. Thorium sheet, l/8 Inch 
thick, was butt welded to Itself using an A,C, Heliarc welder 
with argon as a protecxive atmosphere, Tne welds were smooth 
and sound, A specimen was given a bend test over a radius of 
one and one half times the xhickness of the sheet and did not 
fracture when bent l80 degrees. Samples of the welded sheet 
were tested in tension. The welded area showed considerable 
elongation and the fracture occurred in the base metal outside 
the heat affected zone One sample of this welded sheet was 
cold rolled to 0,0l6 inch thick foil with no observed cracking 
in the welded area In a few cases cracking was observed in the 
weld during the first stages of cooling This was not a common 
occurrence and no reason for this behavior was found, Thoriura 
sheets were also welded by the same technique to sheets of zir
conium, titanium and tantalum. The weld in these cases did not 
appear to be as ductile as the parent mexals but was sound and 
free from, cracks or holes, 
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Do Physical Properties of Thorium (B,A. Rogers, Go Murphy, C Eo 
Faulkner, To !» Jones, W, No Miner and Jo Eo Ross)» 

During recent weeks an investigation was started in order to 
collect data on a number of the physical and mechanical properties 
of thorium. Some of the tensile properties of thorium have been 
obtained at room temperature and at 600°C. The yielc3 strength 
for an offset of .002 inch drops from about 24,600 psi at room 
temperature to about 4400 psi at 600°Co Wlthlng the same tem
perature limit the modulus of elasticity drops from about 10,900,000 
to 7^^00,000. Polsson's ratio at room temperature has been 
determined at 0o24„ An average value of 11 x 10~6 tias been obtained 
for the coefficient of thermal expansion from room temperature to 
600°Co Creep tests at room temperature and at 300°C are in progress 
but have not been run for a sufficient.length of time to obtain 
conclusive 6a.ta. 

A characteristic of thorium seems to be its ability to adhere 
to other metals. Evidence of this was obtained in a swaging test. 
In this test a 17/64 inch diameter hole was drilled along the 
longitudinal axis of a 5/8 inch diameter thorium rod, A short 
length of 1/4 inch O.D, soft, annealed, seamless steel tubing, 
with 0O35 Inch thick walls, was Inserted into the hole and the 
assembly swaged through a ,425 inch die. Following the swaging 
operation an unsuccessful attempt was made to pull the steel tubing 
out of the thorium rod, The tubing ruptured at a point about 
1/4 inch from the end of the thorium instead of coming outo Fur
ther evidence of this characteristic of thorium to stick to steel 
was obtained in the swaging operation Itself» Considerable 
trouble was encountered during swaging when the thorium rod often 
seized in the dies. It appears, however, that the seizing may 
be alleviated by designing the dies with a relatively large amount 
of relief at the edges of the blade section. 

Eo Corrosion of Thorium (BOA, Rogers, J.T, Williams and L.O. 
Uhlenhopp), 

Studies of five specimens of thorium melted in beryllia and 
cast in graphite in the usual manner have shown excessive cor
rosion rates. Relatively large amounts of material flaked off the 
specimens during the test. The tests were conducted for a period 
of 88 hours in singly-distilled, air saturated water at 315 Co 
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All specimens were rough ground and then given a final grinding 
with No, 000 emergy paper followed in some cases with an etching 
treatment. Results of the tests are listed in Table XIX, 

Table XIX 

Corrosion of Thorium in Water at 315 C 

Number Condition of Specimen Corrosion rate. 
Weight loss in 88 hr. 

rag/cm 

1 
2 
3 
4 

As cast 
Cold-rolled to 80^ reduction 
Same as 2 
Same as 2 but etched with 50^ HNO..̂  and 
trace of HP 
Same as 4 

62,1 
54,6 
83.3 

102, 
208, 

P, Thorium Alloys (B,A, Rogers, D, Peterson, G,E, Faulkner and 
w:N7~MTiT^rT7~ 

Several binary alloys of thorium with various other metals 
have been prepared in a heHum-filled, tungsten electrode arc 
furnace as part of a. prelimlnai'y survey of this field In order 
to determine which alloys show sufficient promise to merit 
further investigation. Hardness values and some information 
regarding their ductility have been obtained. Generally, Ingots 
weighing about 70 grams have been made, although 30 gram Ingots 
were made of those alloys containing rare earths , 

The alloys, their hardness values, and some information re
garding their ductility are listed in Table XX, 

Alloys of thorium with lead, tin, and molybdenum that had 
been prepared by arc melting were polished, etched and examined 
microscopically. The five per cent lead alloy appeared to be a 
one phase alloy. The five per cent tin, five per cent molybdenum 
and two per cent molybdenum alloys appeared to be two phase alloys 
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JL 3. D LS Aiv 

Properties of Some Thorium-Rich Alloys 

Element Weight Brlnell 
Per Hardness 
Cent 

Ag 
Al 

Ba 
Ce 
Co 
Cr 
Cu 

Cu 

La 
Mn 
Mo 

Mo 

Nb 
Ni 
Ni 
Pb 

Pb 
Pb 
Si 
Sn 
Sn 

ia 
Tl 
W 
Zr 

2 
5 

5 
4 
2 
2 
5 

10 

5 
3 
2 

5 

2 
3 
10 
5 
10 
15 
5 
2 
5 
3 
5 
3 
5 

96 

70 
73 
109 
78 

142,76 

99 
74"̂  
74 

91 

66 
133 

83 

103 
109 
210 
106 
102 

55-
80 
77 
82 

Degree of 
cold-Working, 
per cent 

Remarks 

50 

94 

94 

15 

94 

25 

Too brittle for a satis
factory hardness test 

Two layers formed which may 
Indicate two immiscible liquids 
Alloy disintegrated on 
standing in air 

^ Inch 
rolled 
"ul JL t i O O 

rolled 

Too 
^ Inch 
rolled 

thick specimen cold 
to ,015 inch thickness 
thick specimen cold 
to ,015 inch thickness 

for a hardness test 
thick specimen cold 
to ,015 inch thickness 

•5- inch thick specimen did 
not cold roll 

Hardness values were determined on the Rockwell A, B or E scales 
and converted to Brlnell hardness readings for comparison. The 
hardness of the unalloyed thorium was Brlnell 69 (500 Kg, load). 
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III. MISCELLANEOUS METALLURGY 

Ao Uranium-Molybdenum Alloys (B.A. Rogers, G.E. Faulkner, and 
WoN. Miner), 

Several alloys containing uranium and molybdenum were pre
pared in the tungsten-electrode arc furnace. Alloys containing 
from 15 to 25 atomic per cent molybdenum could be cold-rolled to 
about 75 per cent reduction in thickness without intermediate 
annealingjthose containing 5 and 10 atomic per cent molybdenum 
were less ductile. However, by alternately annealing and cold-
rolling the 10 per cent alloy, it could be reduced also, 

A satisfactory annealing procedure has been worked out in 
which the specimens to be annealed are placed in a clear, fused 
silica tube which is evacuated to less than one micron of pres
sure and then flushed several times with purified helium. Be
tween each flush the tube is evacuated to less than one micron. 
Following the last flush the tube is evacuated and then sealed 
off from the rest of the system by closing a stop cock. The 
tube and specimens are heated to 800°C, held for 10 minutes and 
then cooled rapidly by plunging the tube into water, or by wrapping 
it with wet cloths. This appears to be a satisfactory method of 
'retaining the gamma phase of uranium in the 10 per cent molybdenum 
alloy. The hardness of the annealed specimens is about Rockwell 
A 51o After annealing, the alloys may be cold-worked safely 
until their hardness reaches Rockwell A 64 when further annealing 
is necessary to prevent cracking. 

Bo Uranium-Zirconium Alloys (D, Peterson), 

A series of uranium-zirconium alloys were prepared by arc 
melting Bureau of Mines Sponge zirconium with uranium metal. 
These alloys were studied by thermal analysis and by microscopic 
examination. The results obtained on these alloys agreed with 
those found on alloys prepared by other methods. 

The experimental work on this alloy system was discontinued 
and the results of the Investigation will be distributed as a 
project report. 

^:s 
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C, Molybdenum-Rhenium Alloys (B„A, Rogers and H,M, Maynor), 

During the early part of the period covered in this report 
work continued on the investigation of the molybdenum-rhenium 
alloy system. This investigation was originally started In 
order to find which alloys might be suitable for use as thermo
couple elements. Later in the period work was temporarily 
halted on this project in favor of more urgent work. However, 
it is planned to resume the study as soon as time and personnel 
again become available. 

To the present time, wires containing 5> 10, 25 and 35 per 
cent rhenium have been made. Two alloys, containing 15 and 50 
per cent rhenium respectively have been compacted but need to 
be sintered and swaged into wire form. It appears that rhenium 
is soluble up to 35 per cent by weight in molybdenum. The 
specific resistance of the 25 per cent rhenium alloy has been 
determined to be within the range from 73.9 to 83o45 rolcrohm-cm. 

D„ Titanium-Vanadium Alloys (R,M, Powers), 

When a study of this system was begunj no commercial source 
of high purity vanadium was available, although Kroll process 
titanium sponge of good quality could be obtained. Even the 
vanadium from the bomb reduction of V2OC by calclumx was not of 
remarkable ductility or uniformity. 

While a number of methods are possible for the preparation 
of Ti-V alloys, it was decided in view of the high degree of 
reactivity of these metals with both crucible materials and 
gases to employ powder metallurgical methods, sintering the 
compacts under vacuum. It was felt that a convenient source 
of pure powdered Tl and V could be obtained from an analogous 
process to that used for preparation of Zr powder, that is, 
from the electrolysis of the fused salt baths. Also, the 
apparatus used for carrying out Zr electrolysis was available. 
Considerable time was spent In investigating the possibility of 
preparing powders of Ti and V by electrolytic means. 

Since the beginning of this work, however, J, Long has 
developed a, process for rather consistently producing 50 gram 
lots of relatively pure V by the calcium reduction of VgOc using 
a sulfur booster. Studies have recently begun on the pna.se 
system Ti-V using vanadium produced in this manner together with 
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sponge titanium that has been "de~gunked" by heating at 1050°C 
under a ,01 micron vacuum. The metals are arc melted together 
several times In a water-cooled copper crucible under an argon 
atmosphere, to produce homogeneous biscuits, 

A number of small scale tests was made to determine con
ditions under which vanadium could be deposited electrolytically, 
For these test runs the baths varied in composition. Salt mix
tures of K2VPK and 3 NaCl, or K2VPn and 3 KCl, or K2VFC- and 1,5 
NaCl and lt5 KCl were used in most cases. The advantage of KCl 
In Increasing the water solubility of the cathode deposit salt 
matrix, was offset by the initially higher melting point of the 
salt bath 1,6, 735°C instead of 680°C, The vanadium salt is 
prepared by first reducing the air dried pentoxlde to the trl-
oxlde under hydrogen at 800°G, The oxide In Pluorethene beakers 
is then dissolved In 48^ hydrofluoric acid, and the green solu
tion decanted Into another fluorethene heaker where apple green 
K2VFc°H20 is dropped out of solution by addition of KP-2H20 crystals. 

In order to prepare usable powdered metal by electrolysis, 
it is necessary to first dehydrate the above salt under HP at 
350°C, then to cool in a stream of argon. The subsequent opera
tions, weighing, mixing with the proper amounts of NaCl or KCl 
and preheating, should be carried out in as anhydrous a manner 
as possible since the presence of oxygen in the bath in any of 
Its forms, whether from the air* directly or resulting from 
hydrolysis of the fluovanadate, appears to have a, deleterious 
effect upon the character of the powdered metal deposit. Some 
Interaction occurs at the graphite cathode. Because of this, the 
electrolyses were not continued for long enough times to produce 
sizeable amounts of product. The fines were found to be in 
considerable excess of the usable Intermediate fraction, in
dicating too low a current density ( "^375 amps/dm^ at 800°C) 
was employed to effect adequate sintering. To correct this it 
will be necessary to use a. water-cooled nickel cathode. 

An analogous bath to that employed for Zr electrolysis was 
used to prepare titanium powder. The bath was composed of K2TiFg 
and 4 NaCl or 4 KCl, The Pluotitanate was prepared by dissolving 
titanium dioxide in 48^ HF, then treating the decanted supernate 
vfith KP''2H20 to precipitate pure white K2TiPg»H20„ Average yields 
of 95^ theoretical were obtained In preparation of approximately 
;45# of this salt. In an intermediate scale run in which the 
charge was 900 g, K2TlFg, 56O g, KCl and 438,5 g. NaCl, the bath 
was electrolyzed four times. After each electrolysis, the m.etal -
salt deposit was knocked from the end of the 5/8ths inch water-
cooled Nickel cathode, which was then re-inserted into the bath. 



53 

This procedure was adopted in or^er to maintain a higher average 
current density (520-840 amps/dm. ) than could be obtained by 
Collecting a single deposit. The run was carried out at 735-
755^0, The bright, irregular metal powder (+ 325 mesh) was 
liberated from the salt by placing the deposit, broken to pea 
sized lumps in a. mortar, in a. Waring Blendor filled with dis
tilled water. The action of the rotating knives on the deposit, 
rapidly reduced It to powder. By repeated decantatlon of the 
salt solution together with the black metal fines, till no more 
salt was detected in the wash water, powder of the proper size 
for compacting was obtained. The yield of coarse powder was 
49^, of fine 39^ of theoretical. That this powder was not all 
m.etal was Indicated when 39.6 grams of it compacted at 10 tons/in. 
and carefully sintered for 1 hour at 1050^0 in a vacuum less 
than ,22 microns at all times, lost 5 gram*s of a fluffy black 
deposit that analyzed 27„5^ Ti, A photomicrograph of one of 
these compacts that had been further heated Is shown In Figure 
25.. It had been subjected to a rapid sinter that occurred when 
a large current was passed through a pressed bar compact of it 
under vacuum, causing it to melt In two. 

An attempt was made to prepare two Tl-V alloys by co-reduc
tion. It was hoped that by starting with the oxides in the 
desired mol ratio, a similar ratio would be approached In the 
resulting alloy. In the case of the 90 mol per cent vanadium 
alloy, 147 grams of 89^ black fused VpO^ was combined with 12,8 
grams of pure air dried TiOo (Elmer and Amend)„ To this was 
added 3OO grams of re-distilled calcium (Ames) which represented 
a 60 mol per cent excess, and 24 grams of pure sublimed sulfur. 
The charge was tamped into the dolomite liner of a. 2-| " bomb 
and placed in a, gas fired barrel-type furnace. The charge 
fired after three minutes, the outside of the bomb reaching a 
maximum temperature of 905°C, The yield, 53=5 grams of a 
bright biscuit, was 54,8^ of theoretical, 

A similar charge was made up for an 80-20 V-Tl alloy. Less 
than the calculated amount of S was used out of caution so that 
the maximum temperature reached was only 835°C and the yield 
46,9^. Prom a comparison of the powder patterns of the co-
rfeduced alloys and those of known Tl and V content, the present 
indications are that considerably less than the 10 or 20 mol 
per cent of Tl have found their way into the alloys In these 
two cases„ 
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Pig, 25,, Electrolytic Titanium 250Xo Powder pressed at 
10 tons/in^s vacuum presintered at 1050°C for 1 hr,, followed 
by vacuum melting of compact by passage of current» Area 
shown lies in vicinity of melted regiono. 

EtcbantJ Glycerol̂ , conco HNOji, 48^ HP in ratio by 
volume of Ssltl* 
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E, Vanadium Reductions (J„R. Long). 

Experimentation on the calcium reductions VgO^ p̂̂ -̂ ^ "̂ •̂ 3-' 
and VpSo to vanadium metal have been successful o -̂ Por these 
reductions, the preparations of the trloxide, trifluoride and 
trlsulfide were carried out in this Laboratory from technical 
grade ¥90^ available commercially» 

Fused technical grade V2O5 was successfully reduced to 
metalo However, sulfur was the only booster which would give an 
appreciable yield (50-70^) on the small scale reductions employed, 
A typical charge consisted of fused tech, vanadium pentoxide 
(89^ V205)-l80 g,̂  Ca ~ 333 g.j S ~ 20 g. Hardness values 
(Tickers) ranged from I50 to I90 on the biscuit metal„ An iodine 
booster In varying proportions never gave over a 20^ yield on 
this scale. Potassium chlorate gave better yields, up to ^3^, 
but the Tickers hardness values ran over 300, Further reductions 
were made using a sulfur booster In an attempt to Increase the 
yield and lower the hardness value of the metal, but were with
out success, 

Thermodynamic calculations indicate the feasibility of the 
reduction of V2O3 to a vanadium biscuit, provided enough heat 
can be added to melt the metal, A sulfur booster was decided 
on using a weight ratio of sulfur to tech, V2OQ of 0.3 to 1, 
whereas an iodine booster would require a prohxbitive weight 
or ten times as much iodine, A typical charge using 60^ excess 
Ca is made up of tech, V2O3 I50 g,, Ca 293 g„, and S 50 g. 
The tech, V2O3 was reduced from air-dried technical grade 
vanadium pentoxide (8l^ "̂ 2̂ 5) ̂ ^ hydrogen at a temperature of 
650^0 for a period of 8 hours. The results of the calcium 
reductions to the metal were very encouraging. Yields eventually 
reached 80^ with Vickers hardness values ranging fi*om l40 to 
160„ A small portion of one of these biscuits was successfully 
cold rolled from a thickness of 1/4 Inch to 0.011 inch. 

Technical grade VPo had been previously prepared from the 
tech, V2O3 described above, by the reaction with anhydrous HP 
atmosphere. Reduction employing the use of a sulfur booster 
and 60^ excess Ca produced a good biscuit of metal with yields 
around 85^, Usual charges employed tech, VPo 2l6 g,, Ca 206 g,, 
S 7 g. Hardness values of this metal (175 - 225 Vickers) ranged 
considerably higher than those reduced from the oxide. 

Since vanadium metal could be reduced from tech, VOOQ using 
a large quantity of sulfur as booster, the possibility or ob
taining the metal from a vanadium sulfide seemed feasible. The 
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heat of re!e,ction of the'sulfide with calcium was calculated 
(using certain assumptions) and was found to approach that of 
the fluoride with calcium. 

The simplest method of preparing a technical grade vanadium 
sulfide appeared to be the solid-gas reaction of H2S on tech, V2O0 
About 90^ conversion to V2S3 was obtained at a reaction tempera
ture of 850°C for a period of 24 hours. Reduction to the metal 
could be obtained without a booster but 5 g. of sulfur to I98 g, 
of tech, V2SQ was necessary with I98 g, of Ca (60^ excess) to 
produce a satisfactory biscuit. The best yield was 78^ with a 
Vickers hardness number of 175» However, all of the biscuits 
were pitted and possessed a greyish color. The preparation of 
V2S2 hy the action of S on V2OK in a CO2 atmosphere at 400°C 
as described by Geraslroov and Chunlkhina, was not confirmed. 
The product obtained was V2O3 as stated by Berzelius and by Ditto, 

A comparison of the various reduction processes employing 
present data on technical grade materials Indicates that the 
softest metal was obtained from V2OQ while the best yields were 
obtained from VPQ, The ratios of calcium metal employed to 
vanadium metal produced ran around 2,5 for the fluoride reduc
tions as compared to the values of 3,0 for the sulfide reductions 
and 4,0 for the oxide reductions. It is probable, however, that 
the labor costs involved In the preparation of the sulfide and 
fluoride would offset the cost of the larger amounts of calcium 
employed in the oxide reductions. 
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IV. EQUIPMENT AND MISCELLANEOUS ITEMS 

A, Tungsten Electrode Arc Furnace (B,A. Rogers and G, E, Faulkner), 

The tungsten electrode arc furnace, previously described in 
ISC-I28, has been modified to produce a better vacuum, to allow 
the operator better visibility for small melts, and to introduce 
a method for getterlng the atmosphere to remove traces of con
taminating gases, A brass sylphon tube replaces the rubber 
sleeve surrounding the electrode, the vacuum lines have been 
shortened and shorter lengths of rubber vacuum hose are used, 
A spacer, containing two sight glasses at I80 degrees, separates 
the head and the crucible. This spacer, used with a large 
diameter^ shortened crucible, allows the operator full visibility 
over the bottom of the crucible. There are two shallow depres
sions In the crucible bottom. The smaller one contains a charge 
of zirconium, usually about 25 grams, which is melted first to 
getter the atmosphere. The larger depression holds the main 
charge which is melted into the form of a flat button. After 
becoming solid, the button may be flipped over with the electrode, 
when the power is off, and remelted to obtain better homogeneity. 
Generally the getter is harder by 6 or 7 points on the Rockwell A 
scale than the ingot, which is some Indication of the getter's 
scavenging power. 

Arc furnace experlm.ents in which a |-" diameter tungsten tip 
was substituted for the f' diameter tip have shown that melting 
of 100 gram charges Is obtained with lower currents, 200 to 3OO 
amperes, and that the arc Is more easily controlled. 

During the past six months the arc furnace has been in 
daily use for alloy preparation , Some of these alloys include 
binary ones of zirconium with aluminum, copper, germanium, niobium, 
tin, tantalum and uranium. Alloys of uranium and molybdenum, 
zirconium-tin and niobium and several binary alloys of thorium 
with various percentages of other metals have been prepared and 
are discussed elsewhere in this reports 

B, Consumable Electrodes (B,A. Rogers and W.N, Miner), 

An unsuccessful attempt was made to form consumable electrodes 
of zirconium by hot forging for use in an AC arc melting furnace. 
The work was attempted by a commercial forging shop but in each 
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trial the steel jackets cracked after repeated hammering. There 
.is no doubt that with further study electrodes may be made in 
this manner or in a similar way such as by extrusion. However, 
this project has been postponed in favor of more urgent work and 
no immediate further investigation is contemplated. 

C, Tungsten Crucibles (B.A. Rogers and M.N. Miner), 

Because tungsten crucibles of a size needed in certain chemi
cal engineering work were unavailable commercially, a process was 
worked out for making them in the metallurgical laboratory. 
Type 427 tungsten powder, obtained from the Pansteel Metallurgical 
Corporation, was mixed with a small amount of Carbowax, as a 
binder, and pressed at about 60,000 psl Into a fragile crucible. 
The crucible was about if inches high, 1 Inch Inside diameter 
arid had ^ inch thick walls with a -J- inch thick rounded bottom. 
The green crucible was heated slowly in an electrical resistance 
furnace, under a vacuum of from 1 to 10 microns, to SOQOC where 
it was held for three hours. Following this treatment the fur
nace and crucible were allowed to cool to room temperature. The 
crucible was then sintered In a graphite crucible by induction 
heating under a vacuum of from 15 to 40 microns to a temperature 
of from 2000 to 2100°C for 30 minutes. The resulting product was 
a hard, dense, bright crucible which has had considerable use and 
seems to be performing satisfactorily. 

D, Vacuum Fusion Equipment (B,A, Rogers and A.J. Carlson), 

Equipment has been designed and is now under construction 
that will enable the quantitative determination of several gases 
by the vacuum fusion method. The main objective in setting up 
this equipment, however, is the determination of oxygen In metals. 

E° Dilatometer (B,A. Rogers and R.E. Kleint). 

A dilatometer which will automatically record dimensional 
changes is being constructed and will be used in thermal studies 
on alloys. The apparatus is based on the use of linear dif
ferential transformers. 
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F, Helium Densitometer (R.M. Powers). 

A helium densitometer (Figure 26) was built to enable a 
rapid estimation of density to be made of metal powders and alloys 
of the Tl-V system. The He displacement volume of a substance 
is measured in this apparatus, A modification Included a blank 
volume in parallel with the system to compensate for any change 
in surrounding pressure or temperature during a run. 

After calibrating weights used with the triple beam balance 
the apparatus was checked against pure powdered zinc (20 mesh) 
giving a value of 7ol5 i o07 max, dev, g/cc in contrast to the 
Metals Handbook value of 7,13 g/cc. 

The usual type of helium densitometer has been modified by 
the inclusion of a parallel blank volume above stopcock 2 (Figure 
26) to compensate for any change in pressure or temperature in 
the surroundings during a measurement, Mlth the powder placed in 
the sam.ple holder, and mercury levels held above stopcocks 5 and 
6j the entire system above stopcock 8 is evacuated for ten minutes 
or so During this time, the weight of mercury in the weighing 
bottle on the right is determined on a balance. The bulb con
taining the sample Is then isolated from the rest of the system 
by closing stopcock 4 and helium is admitted to the entire system 
including the blank volume at an arbitrary pressure (usually near 
atmospheric). Stopcocks 2 and 3 are then closed. By opening 
stopcock 4 thus Introducing additional volume to the system, the 
pressure drops It may be restored by opening 6 and forcing 
mercury up into the system by compressed air. Equalization of 
pressure is indicated by bringing mercury levels in the measuring 
and blank systems to the same height. The volume of mercury added 
in this manner is equal to the free volume of the sample bulb. 
It is determined from the change in weight of the mercury in the 
weighing bottle and Its temperature. Prom the difference in 
volume of the sample bulb when empty and when full of a weighed 
powder sample, the powder volume, and consequently its density 
may be obtained, A run requires approximately 20 minutes. The 
method Is especially useful for determination of powder densities 
where the pycnometrlc method with Incomplete wetting of the powder 
by the fluid would lead to too low densities. 
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G, Hafnium Oxide Crucibles (B.A. Rogers and E.S. Hodge), 

Hafnium oxide crucibles containing 90 per cent hafnium oxide 
and 10 per cent zirconium oxide have been prepared in the labora
tory. The hafnium oxide powder was Jolt-packed and fired suc
cessively in graphite at 1750°C, in magnesium oxide at l850°C and 
in thorium oxide at 2100°C, The sintered crucible resulting from 
this procedure was hard and dense. In one test, a charge of 
crystal bar zirconium was melted in the crucible which showed 
little evidence of attack. Crucibles containing 98 and 99«6 per 
cent hafnium oxide will be made In the near future. 

H. Elutrlatlon Grinder (R.M. Powers), 

The elutrlatlon grinder pictured in Figure 27 has been used 
successfully to liberate powdered metal from salt in electrolytic 
deposits. The stainless steel Waring Blender shown in the figure 
is the heart of the apparatus. It is fitted with a screw-on cap 
which is topped with a cone and overflow launder, an inlet tube 
also being an integral part of this cap. 

In operation, lumps of the cathode deposit are placed in the 
water filled Blender and the cap screwed on. When the Blender is 
turned on, the combined action of the blades and accelerated 
solution of the salt, rapidly breaks up the deposit. Water flows 
into the apparatus from the inlet tube while salt solution to
gether with unusable fines run out the overflow launder and are 
collected in a. beaker. Eddying that occurred in the grinder was 
largely prevented by placing a 10 mesh screen at the base of the 
cone and a baffle half way across it. By varying flow rates, the 
particle size of the residual metal may be controlled. 

Less water is used when the Blender is operated batch wise, 
minus its cap, Decantation of the salt and fines, and addition 
of more distilled water follow each break-up operation until no 
salt can be detected in the water. 
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