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LEGAL NOTICE

This report was prepared as an account of Govern-
ment sponsored work. Neither the United States,
nor the Commission, nor the Air Force, nor any
person acting on behalf of the Commission or the
Air Force:

A. Makes any warranty or representation, express
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained in this report, or that the use of any
information, apparatus, method, or prccess
disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the
use of, or for damages resulting from the use
of any information, apparatus, method, or
process disclosed in this report.

As used in the above ‘‘person acting on behalf of
the Commission or Air Foree'' includes any em-
ployee or contractor of the Commission or Air
Force to the extent that such employee or con-
tractor prepares, handles, or distributes, or pro-
vides access to, any information pursuant to his
employment or contract with the Commission or
Air Force.
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REFINING AND PURIFICATION OF RARE~EARTH METALS

Introduction

The rare earth metals currently available, whether produced metallothermi-
cally or by electrolytic means, may generally be characterized as being of

no better than "commercial" purity. Most have been prepared with 1% to 2%
total impurities, and a number of produceré will guarantee this level (1).

By scrupulous control of processing variables and raw material purity,
particularly in the metallothermic reduction process, most of the metals

can be prepared with 0,5% or less total impurities. Suéh processing care
greatly increases tge cost of an‘already expensive product, however, and thus
far few of the metais have had sufficient purity requirements to justify the

added cost,.

t

In the case of yttrium, relatively high purity was found to be a requirement

for workability, and it may be presumed that this will also be the case with

other members of the group as uses develop which require metal fabricability.
Of more immediate importance, however, is the full characterization of the
metals through adcurate determination of their properties. The need for
high purity is paramount here; but relatively small quantities of metal are
required, and as a consequence, it may be more feasible to consider means of
beneficiating a relatively impure metal than to attemptlultra refinement.of
the reduc£ion technique,

Advances in the field of "reactive" metals and semiconductors, where rigid
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control of impuritieé‘ieevital, ﬁééekpééﬁbieébiié”aé%éiaﬁméﬁ%*iﬁ recent

years of a number of techniques of metal purification, all of which employ

an imﬁﬁre metal rather than a compound as the starting material., Among these
are zone reflning, vacuum processing, deposition by the van Arkel = de Boer e
process, and solid state electrolys:Ls° In general, puriflcatlon of only a

few of the rare earth metals has been attempted by any one of these teche
niques, but these trlals give at least some indicatlon of what may be ex-

pected with other members of the group.

Nature of Impurities

Before discussion of the purification processes themselves, it is advisable
to discuss briefly the nature of the impurities which are found in the rare

earth metals. These, of course, are dependent on the source .and purity of

the raw materials used in the reduction, and the nature of the reduction itself.

In general, present-day separation techniques make feasible the isolation of
a single member of the rare earth groupéfrom its neighbors to any desired
degree. Thus the remaining rare earth impurities in a "commercisl" metal of
the group would not normally exceed O.1%. None of the purification techniques
to be described is particularly effective in removing these impurities; and

they will, therefore, remain essentially unchanged in the purified metal,

Of much greater importance are the other mefallicvimpurities vwhich may be
found in the metals as initially produced. Principal offenders in metallo~
thermic reduction products will be the reductant and any metal added to the

charge for producing a low melting alloy. In the,usuai case these will be
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caleium and magnesium respectively, thoggh litﬁiuﬁnand zinc have been used.
Despite the subsequent vacuum treétment‘fdr rembvai of the alloy constituent,
as much as 1% of these metals may remsin in the sponéé; Consequently, the pro-
cessing of the commerical metals is almost always completed by melting and -
casfing under the highest possible Vacuumo By this means; the Ca and Mg con-
tent can be lowered to a maximum of 150 ppm each (2), and may be furtherArew

duced to a considerable extent if multiple’melting.is employed. j

Other metallic impurities result from attack on containers in various stéges
of preparation of the raw materials, or in the reduction itself, These include
iron, tantalum, titanium and zirconium, though all are not generally associated

as major impurities with one process or pr'bduct°

When the reduction is parried out in tantaiﬁm, the level of this contaminant
averages 0,05% in the resulting metal; but may be much higher if long times
or high temperatures are employed. When an alloying element is added to

lower the melting point, as in the case of magnesium in the yttrium reduction,

- titanium and zirconium may be used as reaction vessels. In comparable re-

ductions of yttrium, titanium pickup averaged 0.15% while that of zirconium
averaged 0.,58%

v ! ‘ .
In the electrolytic reduction, extensive corrosion of the cell may occur and

products of this process may be very highly contaminated with iron, carbon,

silicon, and other metallic impurities,

Probably of greater significance in their effects on properties of the metals

are the nonmetallic and interstitial impurities, oxygen, nitrogen, carbon,




hydrogen, and the halogens. Though(}ittle study of the systems of these
elements with thexmetals has been maae, it is belived that they‘generally.
exhibit low solubilities (at least at the lower'temperatures)g and consequently
are present in the metals primarily as compound inclusions, éogo oxides, ni-

trides, halides, oxyhalides, etc. Their presence results from contact of the

ar

reactants or the products with impure atmosphere§ or from incomplete reactions
or separations in initial preparation steps. Since they generally appear as
compounds, their volume concentration in the metal is great and their effect

on metal properties extensive. In yttrium, for example, oxygen comtent of about
0.3% and fluorine content of 0.,08% result in approximately 5 volume per cent of

inclusions as estimated from metallographic examination,

In Table I is shown a fairly compiete and typical analysis of routinely pro-
duced yttrium metal as prepared by the Ames process of fluoride reduction with
calcium and magnesium in a zirconium reaction vessel followed by vacuum "demag-
ging" and déuble arc melting by the consumable electrode process; While the
ytitrium reduction is more difficult than some others and purity may therefore
be somewhat lower than the Qverage, this material is probably not too dis-
similar in analysis from other metallothermically reduced rare earth metals,
Figure I shows the microstructure of this material. The many inclusions are

evident, and the structure can only be described as "dirty".

Determination'of Purity

The analysis of impurities in the rare earth metals has been the subject of
some study (3, 4). There are no clear-cut and undisputed techniqués, however, "

and this is particularly true for low impurity levels; For direct chemical




analysis, the most widely used techniques are spectrographic detérmination
of the metallic elements, vacuum fusion for O, Ny and H, combustion in
oxygen for carbon, and pyro~hydrolysis for the halogens., An assay for total

rare earth content is usually performed by oxalate precipitation.,

In each case, there are existent but ill defined lower limits of sensiti-
vity, and several of the impurities fall below these limits, even in the

“commercial® metals. When purity is increased to the 99,9% level and higher,

it is evident that only the most abundant impurities will be detectable, and

these with questionable quantitative accuracy,

Alternate analytical techniques have been developed for some impurity ele-
ments, as for example, the spectroscopic technique of Fassel and coworkers

(5) for oxygen, but these do not in genéral extend the sensitivity limits

to any significant degree,(f possibly gréater value is the technique of radio-
activation analysis (6,7), which, though complex and expensive, offers the
possibility of detection of exceedingly small amounts of impurities., This
technique has thus far only been employed for determination of specific rare

earths as impurities in a single member of the group, however.

Consequently, as purity is increased, its measurement becomes less quanti-
tative and more a matter of indirect surmise from observed properties. One
very important area is metallographic examination, Since, as ncted earlier,
many non-metallic impurities occur as compound inclusions, a fair idea of
purit& may bé obtained from the cleanliness of the microstrucfureo The "tech-
niques for metallographic specimen preparation have been degcribed for the

rare earth metals (8).



Other properties commonly used for estimation of purity are hardness, work=-
ability, and electrical conductivity. These are of comparative value only,
however, and in some cases are quite sensitive to structure and thermal

. history.

Zone Refining

The techpique‘of zone refining is of very recent origin, aﬁd has been the
key to sﬁccessful préduction of ultra-pure metals for semiconductor use. The
technique has been comprehen51vely described by Pfann, its discoverer (9).

The principle is simply that most impurities have a different equilibrium

- solubility in the solid and liquid phases of a freezing system, and that a
transfer of the impurity can consequently be obtained by passage of a short
molten zone through a relafively long solid section. Obviously the determi-
nation of the ultimate purification obtainable in this way requires knowledge
of the phase diagraﬁ for the iPpurity - metal system, particu}arly in the low
impuritj concentration range; Such daia are rarely available, and this is
particularly true in the case of the rare earths. Thus, the determination

of feasibility of zone refining for a particular metal is usually approached

experimentally.,

.Two basic techniques are employed for the passage of molten zones. In the sim-
pler case, the metal is contained in a long trough or crucible and the zone

is passed in a horizontal direction. Many metals, and many of the rare earth
metals in-particular, are so reactive that they reduce ceramic container ma-
terials and interdiffuse with metallic containers at their melting points with

subsequent contamination. Some attempts have been made to wercome this



problem by use of a water cooled container in which an unmolten skin of the
metal being purified is maintained and acts as the true container of the
molten metal, Of greater importance, however, has been the develobment of
the vertical “floating'zone“ techniqﬁe in which the ﬁetal is supported ver- .
tically from the ends without contact wifﬁ a container, the narrow molten

zone being maintained by virtue of the surface tension of the metal.

Heating in either case is usually done by induction and the refining is com=-
monly performed inAan inert atmosphere. Better control and narrower zones
are claimed for electron beam heating, however, and this technique, which
requires very high vacﬁﬁm, gives the added advantége of purification through

decomposition and vaporization of some impurities.,

Zone refining has been reported on only two metaislof the rare earthigroup°
Gadolinium was burified bf'Kendall (10)'using thevconventional horizontal inm
duction heating technique with é tantalum crucible in a.purifiéd argon atmos=
phere. Ten passes of a 1 3/4" wide zone at a{nate of 1.5 inches pér hour were
employed. Evaluation of the product was solely by metallographic examination.
This showed substantial concentration of impurities at the ingot ends with cor=
r§Sponding purification of the center of the ingot. . Indications were that
fufther refining by the technique would provide a pure metal, at least from

the standpoint of microstructure.

Extensive effort has been expended by General Electric's Aircraft Nuclear
Propulsion Department and General Engineering Laboratory, Battelle Memorial

Institute, and Union Carbide's Oak Ridge National Laboratory on the zone



refining of yttrium. This work has only recenflyibeen declassified, and no
references are as-yet available, The results in all cases, hpwever, were

in good agreement and may generaliy be represented by the. experiments made

at GE=ANPD, The "floating zone" technique was emplofed with induction heat;ngé
and a 3/8" diameter rod was processed in a continuously pumped vacwum. It

was necessary to make three heating passes below the melting point in order

to remove sufficient volatile impurities to prévént arcing to the heating coil.
The deposit on the coil after this treatment was pyrophoric and was found t;”.‘
be mainly magnesium. That on the walls of the vessel was identified as yt-

trium oxyfluoride. Six zone passes were made at a rate of 2%% per hour,

Table II gives the results of analysis of theAzone refined and original mate-
rial, It is evident that no significant change in oxygen and nitrogen‘con-
tent was effected. - There is some evidence of movement of a few of the metallic
impurities, but this' is not striking ana may -be quéstioﬁed on fhe basis of
reliability of the analytical techniques, Figure II shows the microstructure
of the metal at three locatioﬁs after the treatment. While structural changes

are evident, none of the material can be classed as "clean". Hardness of the

metal was measured at these same locations but showed no significant variatiom..

The general conclusion from these data and the similar results of other lab-
oratories is that zone refining is nét a practical purification process for
yttrium, The indicated movement of metallic impurities; if real, is very

slight; and excessive processing'would be required for significant overall |

improvement,

Vacuum Processing for Refinement

The refining of metals by melting or vaporizing in vacuum is one of the oldest
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processes and has been the subject of much study (11, 12). The techniques
employed range from simple melting in a crucible under vacuum t§ the more
sophisticated methods of melting by electron bomﬁardment and fractional dis-~
tillation. The purification which results in any pfocess is a function of

the total pressure maintained and of the thermédynamic properties of the
metal and the impurities themselveso. Metallic impurities may; in theoryg‘

be separated by fractional distillation so long és their volatilities are dif-
ferent from that of the base metal, Non-metallic impurities, as noted earliér,
are found in solution or more commonly as compounds, The former may be re-
moved through volatilization, often at temperatures below the melting point,
The latter may.be“removed by direct volatilization, by dissociation (either

to an element which vaporizes or to a subcompound which is more volatile than
the metal)g or, where the compound is.extremely stable and has low volatili-

ty, by distilling the metal away from the compound.

Melting Undef Vacuum

The metallothermic reduction of the rare earth metals is customarily com-
pleted by a vacuum remelt which serves pfimarily to remove the retained re-
ductant, usually calcium. Melting at pressures of 10""3 mm Hg is adequate for
this purpose and reduction of Ca from about 1% to less than 150 ppm is

obtained (2).

Similer purification is obtained in the case of yttrium by consumable elec-
trode arc melting in vacuum, The pressufés which can be maintained in this
operation are not particularly low since it is difficult to stabilize an arc
with low pressures, and since the considerable evolution of volatile material

effectively increases the pressure in the vicinity of the molten material,
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Table III gives comparative analyses for calcium and magnesium of yttrium
metal arc melted in an argon atmosphere and in a nominal 10~3 mm Hg vacuﬁxiio
The volatile metals have been effectively removed, but liftle significant.

change in other impurities was observed from this treatment .,

Very significant improvements in the vacuum melting process have resulted

from thé’developmeht by Temescal Metallurgical Corporation of electron bom-
5ardment heating (13). Chief among these, from the standpoint.of purifica-
tion, is the ability to maintain pressures of the order of 10~4 mm Hg in the
immediate vicinity of the melting metal. With such pressures, all volatilie
zation reactions pfoceed more rapidly and to & greater degree of completion,
Further, since the melting metal drips off the feed stock, a large amount of

surface is exposed, and this also enhances purification reactions.

A theory has been proposed for the deoxidation of metals.under high vécuum, in
wﬁich the primary factor is the evolution of & volatile metal suboxide., The
results observed on columbium,; tungsten, titanium, and zirconium tend to subm‘
stantiate this theory. With adequate thermodynamic data, the tehdency for a
metal to deoxidize should be predictéble, but such data are generally lacking
for tﬁe rare earth metals. It has been estimated that yttrium should de-

oxidize, however, and several attempts have been made by the Temescal Metal-

lurgical Corporation to verify this, In no case has any significant deoxi-
dation taken place, and in‘a‘few cases an increase in oxygen content was ob;
served. Results of a t&pical melting are shown in Table IV, This failure to
deoxidize may result from a breakdown of one of the basic assumptions in the
case of ytﬁrium,'pr from the.tying ué of oxygen by an impurity which is not

itself deoxidizable,
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Melting of other rare earth metals by this process.ihas not been.reporteds.is; p:

= -

Purification by Distillation ‘ I B S
As many of the rare earth metals have fairly high vépor pfessu;es (14), fﬁdil“
should be possible to purify them by distillation, - In a,féw cases, €o.Le
samarium, europium, and ytterbium, where the usual metallothermic fluoride
reduction was not feasible, the primary preparation was made at Ames by reduc-
tion of the metal oxide with lanthanum or misch metal in tantalum apparatus
with simultaneous distillation of the volatile metal product. Dysprosium,
erbium, thulium, and scandium have also been prepared in this way. The vola-
tilities thus aeménstrated suggest the direct distillation of the impure metals

and this has also been reported by Ames (2), with a "considerable® reduction -,

in oxygen'content°

Trombe (15) describes the distillation of dysprosium us1ng a- tungsten condenser
and a molybdenum crucible,. the whole being enclosed in a pyrex -evacuation
chamber and heated by induction., A compact deposit .®well freed from its im=
purities" was obtained, while a blackish residue of. oxide containiﬁg silica .
and iron remained in the crucible., He indicates that 1anthanﬁm has been puri-
fied in the same manner, which is surprising in view of its low vapor pressure.
No data are given on the ahalysis of these metals, but they are noted as being

more malleable than the unrefined reduction products.

Petru (16) prepared scandium by metallothermic reduction and indicated further
purification by distillation at 1500°a1600°C and 10”4 mm Hg., An identical

preparation and purification of scandium was reported by Iya a7).

It

Dasne (18) has prepared yttrium by direct distillation at approximately 1900°C




in tantalum apparatus. Distillation proceeded readily, but the high tem-

perature resulted in considerable contamination with tantalum at the condenser

surface. Other impurities have not as yet been evaluated.

van Arkel - de Boer Deposition

‘The ®iodide® or "hot wire™ deposition process developed by van Arkel and de Boer

in 1925 (19), 'has been appliéd with success to the purification of several of

the "reactive’ metals, the prime example being zirconium. The basic technique

consists of heating the impure metal in a closed system with iodine, The metal

reacts forming a volatile iodide which is decomposed on contacting a hot wire
or surface, depositing purified metal and liberating the iodine for further re-

action,

Loonam, in a recent review (20), defines two basic requirements for a metal
which determine its applicability for refinement by this technique. The metal"
must: (1) be capable of existing as a solid or liquid at some temperature and

pressure in equilibrium with a gas of high atomic ratio of iodine to metal,

and (2) be capable of reacting readily with the gaseous products of the depo-

sition reaction at the same pressure but a different temperature to yield a

gaseous product of low atomic ratio of iodine to metal,

In addition, it is desirable that the metal have a high melting point and a

“low vapor pressure, but these aid in deposition as a solid and are not essential

factors., -

Ideally, the iodide of the metal should have a low heat of formation, but the
process is feasible for many metals with high values if they form tetra or

tri-iodides, since the 1afée positive entropy changes on dissociation in such

-13 -
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cases result in an .overall decrease in free energy of dissociation with in-
creasing température. On this basis, the metals least likely to be amenable

to refining are those which form mono-iodides which remain monomeric and stable
in the vapor state. Loonam predicts that the mono-iodides of the rare earth
metals will be sufficiently stable to prevent dissociation, and this conclusion
is coﬁfirmed by the excellent colle;tion of thermodynamic data presented by

Scaife and Wylie (21),

The generally high volatilities of the rare earth metals also work against
their purification by deposition, since the high temperatures necessary for

dissociation of the iodide will also result in vaporization of any metal deposited,

Deposition of lanthanum, the least volatile metal of the group, was attempted
by Foster and coworkers (22) in a modified‘van Arkel - de Boer depositionin
which the iodide was formed by reaction of iodine and aluminum on lanthanum
oxide. Dissociation provéd to be negligible at 1000°¢ andAwas only slightly
imprgyed at 1800°C, The ﬁetal was appreciably volatile at the latter tempera-
ture, aﬁd only small -amounts of lanthénum were detected on the wire, The de-

posit was contaminated with aluminum from the iodide preparation,

Frazier (23) has attempted the deposition of yttrium from both bromide and
iodide at bulb, temperatures from 300° to 520°C and molybdenum filament tem-
perature from 600°C to 1600°C. No deposit was obtained in'any of the experi-

ments, >

Trombe (15) mentions that it has not been possible to deposit the rare earth

metals by the van Arkel - de Boer technique, but gives no details of any trials.

Formation and decomposition of metal carbonyls has been utilized as a
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purification.technique. Though similar in principle to the van Arkel -

de Boer process, the reactions are usually carried out in separate chambers
at different pressﬁres, Data are entirely lacking on carbonyls of the rare
earth metals, but one patent (24) claims purification of crude cerium by for-
mation of the heptécarbonyl with CO under heat and pressure, followed by dis-

tillation and dissociation to metal and CO. This technique, if confirmed, would

appear to be worthy of investigation for other metals of the group.

Solid State FElectrolysis
The mobility of foreigh ions within a metal lattice subjected to a DC field

has been recognized for‘many years,(25), but little study of the phenomenon has
been made. The effect is most pronounced for the non-metallic atoms which can
presumably migrate interstitially in the metal, but transport of metal impuri-
ties has also been observed (26). The remarkable mobility of oxygen in zir-
conium was reported by de Boer and Fast (27), and this led to the consideration
by General Electric's Aircraft Nﬁqlear P}opuléion bepartment of the technique
as a purification method for'yttrium (28). lThere is no indication in the
literature of any prior use of the method for purifying metals, though Joffé

(29) described the removal of metallic impurities from quartz in this way.

Yttrium bars of 3/8" and 3/4"™ diameters were electfolyzed in static argon by
GE-ANPD at 2500°F and 2200°F respectively for 200 hour periods using the vacuum
chamber of an arc melting furnace. Water cooled electrodes were éitached to
the bars, which were heated by the passage of direct currents of some BOO.to
700 amperes. Figure III shows one of the bars at the completion of the elec-
trolysis., A number of slight offsets or "kinks“_are evident, and these were

subsequently shown to be transverse grain boundaries between large single
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crystals of yttrium.

Results of the electrolysis were similar at the two temperatures employed,
though greater overall transport of iﬁpuriﬁies‘was observed at the higher,teﬁa
perature, as would be expected for a diffusional process. ResUlts.of enalysis
at three locations on the 2200°F specimen are shown in Table V ahd are compared
with the original bar. Marked movement of oxygen toward the anode was obsérved9
with less pronounced movement of nitrogen in the same direction. . A number of

metallic impurities were also moved toward the anode.,

Figure;IV shows the microstructure at different locations in the bar. The in-
».clusio;s of the original have been almost completely remqvéd near the’cathodeo
-Figure V shows a diametric section through the. anode end of the bar. The strikiné
accumulation of inclusion material offers further evidence of the cléansing ef-

i fect of the electrolysis. Diffraction patterné of this material indicate both..
Y203 and YOF, Hafdness and eleétrical condﬁctivity showed no signifiéant vafiu.

" ation over the bar except in this region of high inclusion concentration.

The pronounced transport of oxygen was surppising in view of its low solubility
in yttrium, It must be concluded that the mobility of that which does dissolve
is quite high, and that the process continues until the insoluble inclusion is
all removed. ' Thus, it seems probable tﬁat similar purification of the other
rare eérth metals mighf be obtained by this technique,‘whatever their apparent

'solubilities for oxygen.

Miscellaneéous Purification Techniques

A few purification techniques have been described which potentially are appli-

cable to the rare earth metals, and which have been attempted with one or more

=16 =
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metals of the group. One of these is the flotation of insoluble impurities
from an amalgam either of the metal or its hydridef Schumacher (30) and
Audrieth (31) reported direct am;lgamation of the rare earth ﬁétalsa As
oxides, éarbides, halides, etc., were insoluble in mercury, these impurities

floated on the amalgam and could be separated by under-pouring or filtration,

Efficient use of this technique»requires_fine division of the metais and this
can be accomplished by forming the brittle hydride and grinding. Warf and
coworkers (32, 33) have shown that mercury wets the hydrides of lanthanum,
cerium, and ytterbium, and they mention that oxide and oﬁher impurity in--
clusions floated on the’'amalgam. Frazier (23) tried to wet YH3 with mercury
without success; however. Assuming the flotation to be successful? further
processing by vacuum distillation would remove boﬁh mercury and hydrogen,

leaving a purified metal powder.

The readiness with which the rare earth metals form relatively stable hydrides
suggests purification by hydride.precipitation from a low melting alloy through-
introduction of hydrogen. The hydride wéuld then be separated from the melt |
by filtering or decantation and further treated by vacuum distillation to re= .
move hydrogen and mércury and produce metal powder., This technique has been‘
employed by Woerner and Chiotti for thorium (34). Frazier bubbled hydrogen
through a low melting alloy of yttrium, aluminum and magnesium (23). The
results were inconclusive due éo excessive frothing of the melt, but indicated

that extreme difficulty would be encountered with this system in the separation

14}

step, and no further work was done.

An electrorefining technique déveloped by the Bureau of Mines Electfometaln »

‘ 1urgicalAExperiment'Staﬁion has been used with success for purification;of a
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number of reactive metals (35). The impure metal is made the anode in a molten
salt bath, and purified metal is deposited as.dendritic crystals on the cathode,
Fxperiments are currently in progress at the Station on the refining of yttrium
in this manner, and early results show encouraging reductioh of oxygen content
of the metal (36). It seems reasonable to assume that this process might be

used to advantage with other metals of the rare earth group.

Conclusions

Behavioral differences within the rareearth metal group are sufficiently pro-
nounced to make generalizations in regard to purification of questionable value.
In the few cases where the same technique has been applied to two members of

the group, the results as often as not have been contradictory. Nevertheless,

it would appear that those techniques which are generally most promising for
purification of the rare earth metals are distiliation_and solid state electrol- -
ysis. Zone refining may be of value for some 1mpur1ties, but the van Arkel -

de Boer dep051t10n technlque appears to hold 11tt1e promise. None of the tech-
nlques with the p0531ble exception of amalgamation is partlcularly attractlve

as a production process, and it must be concluded that reflnement of the reductim
itself is the optimum method fdr obtaihing a pure metal in quantity. A similar -
coﬁclusion was reached by Richardson (37) in a recent théoretical survey of

metal refining techniques.
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TABLE T

#

Iypical Analysis of Yttrium Metal Ingot

Element

Carbon
Nitrogen
Oxygen
Hydrogen
Fluorine
Iron
Nickel
Calcium
Magnesium
Silicon
‘Copper -
Aluminum
Chromium
Boron
Zirconium

Wi,

0,011

.019

0275

.009 .

075

062

«030

.0005

.002

.002
- 004 . .
0006 ’

0013 :
<,001

0580

Total Rare Earths 98,.87%

. o . _
Produced by Ca-Mg reduction of YF, in zirconium vessel; followed by

vacuum "demagging" and consumable”electrode arc melting in argon with

remelt in vacuum.
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nﬁésﬁi%é‘Of>20hé'Réfining'of Yﬁﬁfﬁﬁ@ by GE-ANPD

Impurity

Oxygen "

Nitrogen
Iron
Chromium
Copper
Nickel .
Titanium

Zirconium

TABLE II

Content in
Metal:-Before

Content_in :
- Metal After Processing, ppm.

Processing,

L Near Beginning Center  Near End
ppm. " of Zone of Zone
5800 . 7600 6170 5310
270 280 250 250
500- : '500 .- 300 . 100
0 10 <1 <1
10 2. 0.5 5
50 50 50 50
100 100 100 100
4700 4300 3100 2750
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TABLE 111

~ Comparative Removal of Calcium and Magnesium from

Yttrium Metal by Consumable Arc Me;ting in Argon and Vacuum

Melting . Analyzed Impurity Content, ppm
Procedure : o
: Calcium Magnesium
Max. Min. Avg. Max, Min, Avg,

Two melt§ 800 50 350 800 100 300 -
in Argon
First melt in 6 1 5 30 6 23
Argon, secopd .
melt in 10~

mm Hg vacuum

Average of results on 17 ingots.

*¥. Average of results on 25 ingots.
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TABLE IV .

Eggglts of Electron Bombardment Meltlng Yttrlum Metal

bv Temescal Metallurglcal Corporatlon*

Impurity Content_in Content_in Processed Metal Ingot, ppm
; Original Metal, _ B . o
ppm . Top Center Bottom y
Oxygen 3250 v 3500 3115 3470
Nitrogen 200 . 200 210 310
Zirconium C 5000 . 6000 5000 . 4000
Chromium ‘150 : 300 200, 100
Iron 1000 ‘ 620 450" 190"
Nickel 2000 g 2000 2000 2000
Copper 35 : . 300 160 100

* Analyses made by General Electric - Aircraft Nuclear Propulsion
Department.




TABLE ¥

Results of Solid State Electrolysis of Yttrium Bar

2200°F for 200 Hours

urit '- Content in Metal Content_in MetalAAfter Processing, ppm.
Before Processing, '
ppm. Near Cathode Center Near Anode
Oxygen 13330 665 3100 10900
Nitrogen 510 366 570 700
Silicon 55 ’ 100 10 140
Iron 150 . 60 50 600
Manganese 9 ‘ <1 <1 6
Magnesium 5 10 <5 6
Zirconium 9000 | 9000 19000 7000
Nickel 250 | , ) - .50 : 100 1000
Chromium g0 20 20 30
Boron 7 3 6 15
Titanium 9 <3 <3 30
Cobalt 1 <1 <1 6

M :
Other impurities showed no change as a result of theelectrolysis..
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Fig. I - Microstructure of typical yttrium
metal from Ames Process.
Etched with HyPOy in glycerin
and ethylene glycol. (X250)
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Fig. II - Microstructure of zone - refined yttrium
metal at three locations. Etched with
H3;PO;, HNO;, and CH3COOH. (X500)
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Fig. II - Yttrium metal bar after 200 hour
electrolysis at 2200°F. (U37026A)
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Fig. IV - Microstructure of electrolyzed
yttrium bar at three locations.
Unetched. (X250)
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Fig. V - Diametric section of anode end
of electrolyzed yttrium bar.
Unetched. (X5)
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