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ISOLATION OF SOME RARE METALS

The importance of rare metals in scientific and technical progress

has been steadily increasing since the "beginning of this century. At

the present time it is difficult to conceive any field of modern science

which does not, to a more or less extent, make use of rare metals,

their alloys or diverse compounds. Atomic power engineering, radio-

electronics, aviation and rocket engineering, mechanical engineering,

the instrument-making and chemical industries constantly increase the

number of rare metals that they use as well as the requirements for their

purity.

Despite the considerable achievements of organic chemistry and the

rapid advance in the production of polymeric materials, which in a number

of cases are good substitutes for some metals, the role of rare metals in

up-to-date technical progress at present has not diminished, but, on the

contrary, has substantially grown.

We have adopted the following technical classification of rare metals:

light metals (lithium, rubidium, caesium, beryllium); scattered metals

(indium, gallium, thallium); rare-earth metals (lanthanium and all the

lanthanides, scandium, yttrium); refractory metals (titanium, zirconium,

hafnium, vanadium, niobium, tantalum, tungsten, molybdenum, rhenium);

radioactive metals (radium, actinium and all the actinides). Rare non-

metallic chemical elements are included in a separate group of semiconducting

elements (germanium, selenium, tellurium). In the last few years titanium,

tungsten and molybdenum have been singled out and, judging by the scale

of their production, they are no longer typically rare metals. Some

by Dr. T. F. Fedorov (USSR)



E/CNU4/MIN/11
Page 2

scientists include such metals in a group of so-called "less-common"

metals which is a more appropriate term, in some cases, than "rare

metals."

Rare metals occupying different positions in the various groups of

the periodic system display a remarkable variety of physical properties*

for instance, the melting point of gallium is 29°C, while that of

tungsten is 3400 C. The content of rare elements on the earth's crust

also varies greatly: from 0.610% (titanium) to millionths of a per cent

(selenium, rhenium and others).

The specific properties of the rare metals have been gradually

ascertained with the development of the technology of their production.

For example, some metals (titanium, zirconium, niobium, tantalum and others)

were considered for a long time to be very brittle, and only through puri

fication to free them from gaseous impurities (oxygen, nitrogen and

hydrogen) proved t_,at they showed plasticity.

The appearance of atomic power engineering was an important stage in

the industrial development of hignly pure rare metals. However, the

rapidly advancing industry producing semiconducting instruments has further

increased the requirements for purity of the rare metals and" semiconduct

ing elements.

Besides having exceptionally high purity, the materials for semi

conducting instruments must have a definite crystalline structure. The

development of semiconductor engineering has shown that it is necessary to

obtain the semiconducting elements and compounds in the form of mono-

crystals with a minimum amount of defects in the crystal lattice (disloca

tions, vacancies, etc.)

The production of rare metals in the USSR is characterized by the

following features:

steadily growing number of products manufactured;
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considerable increase in the scale of production of rare metals

and their compounds;

higher quality of the products manufactured;

organization of production of extra pure rare metals.

In the period from 1925 to I94I in the Soviet Union were

founded the production of tungsten and molybdenum, hard alloys on

the basis of the carbides of refractory metals, ferrovanadium and

other ferroalloys of rare metals, tantalum, beryllium, lithium,

rubidium and caesium and others. In the years following the war were

organized the industrial output of titanium and its various alloys,

zirconium, niobium, selenium and tellurium, rare earth elements, gallium,

indium and other rare metals. In the years after I956 in the USSR have

been established and are successfully developing the production of semi

conducting materials, such as germanium, silicon and various semiconduct

ing compounds.

■ The difficulties encountered in the manufacture of rare metals,

the variety of raw materials used and the very high requirements for the

ready products make it necessary to employ almost all the principal

technological processes applied in the ferrous and non-ferrous metal

industry and, besides them, a number of inetiiods not n;ade use of in these

branches of industry and which are characteristic for chemical engineer-

in- or even for analytical chemistry and scientific research. At the

present time the rare-metal industry involving the technological

processes used in obtaining the greater part of the elements of the

periodic system is the most diverse and complex branch of the metal

industry.

The technological processes used in the rare-metal industry are

marked by specific characteristics connected with the character of the

initial raw material and the quality requirements for the ready products.
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The specific characteristics include the loir concentration of rare

metals in native ores or in the industrial by-products, "their complex

composition, the chemical stability of most of the.rare metal minerals

and the very high requirements for the purity of the end products.

Therefore the production of rare metals from ores oar other kinds

of raw material always bears a many-stage character and usually consists

of the following main processes:

1. Concentration of ores or by-products

2. Decomposition (disintegration) of the concentrates

3. Isolation of pure chemical compounds of the individual elements

4* Their reduction to the metal

5. Refining of the metal

6» Production of compact ingots of the metal or alloy

7. Mechanical treatment for obtaining intermediate products and

ready products.

Soviet scientists and engineers have studied all these stages in

great detail for most of the rare metals and have devised efficient

apparatus for the technological processes involved.,

Without dwelling on ore concentration that is directly related to

the mineral composition and other peculiarities of the initial raw

material for rare metalss we will pass to the decomposition (disintegra

tion) of the concentrates.

Decomposition of concentrates of rare metals is carried out by

pyrometallurgical3 as well as hydrometallurgical methods.

The decomposition of ilmenite concentrates by means of. smelting to

reduce them to iron and a titanium slag in electric furnaces was checked

in the Institute of Metallurgy of the Academy of Sciences of the USSR.

Numerous studies have been made in various institutes and laboratories

to ascertain the applicability of chlorination methods for reprocessing

rare metal concentrateso These methods, in the last few years, have been

very extensively developed in the rare-metal industry of the USSR.



Page

The following specific features of the chlorination methods explain

their rapid development.

1. The high degree of decomposition of ore concentrates or other

kinds of initial raw material (for example, titanium slags). In most

cases due to the high reactivity of chlorine, the decomposition of the

concentrates exceeds 9&fo and instances of practically complete decomposi

tion of the concentrates are not rare.

2. Relatively simple separation of the elements included in the

composition of the concentrates by taking advantage of the difference in

vapour tension of different chlorides. This is especially important for

reprocessing ores of complex mineralogical composition, which include most

of the ores and concentrates of rare metals.

Loparite concentrates are typical examples as they include more than

20 metallic compounds; so are titanium slags containing more than 10

different elements.

3= The chlorination products obtained are in the form of compounds

that are readily subjected to further treatment: for instance, titanium

tetrachloride, zirconium tetrachloride, niobium chloride, the chlorides of

rare earths, etc.

A- The metals obtained from the chlorides are plastic because they

contain a minimum amount of oxygen impurities. This can be illustrated

by commercial titanium and zirconium obtained by means of metallothermic

reduction of chlorides.

5« The possibility of high purification of chlorides (for instance,

by repeated distillation) to obtain ul-fcrapure metals and semiconducting

materials.

6. Construction of excellent apparatus (designing of chlorinators

and development of resistant linings) ; the difficulties encountered in

solving this problem., for many years, uas the main obstacle that retarded

the wide use of chlorination methods.
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7. The possibility of making use of the chlorine obtained as a

by-product when magnesium5 sodium hydroxide and other products are

manufactured.

Of the large number of chlorinating substances (chlorine, phosgene,

carbon tetrachloride7 sulphur diohloride, sodium and calcium chlorides

and others) gaseous chlorine has become the most widely spread in the

rare-metal industry, Ona of the most serious obstacles to the develop

ment of chlorination methods was the construction of the apparatus for

the process and., especially, tho absence of a material for lining

chlorators; that was resistant to the action of chlorine* At the present

time an available, economical material has been found - firebrick of a

minimum porosity adequately resistant to the action of chlorine at a

temperature of 8OO-9OO°C. The use of alectric shaft furnaces lined with

such firebrick has made it possible to apply the methods of chlorinating

rare metal concentrates on an industrial scale.

Of the numerous technological processes (more than 20) chlorination

proved to be the most rational process for treating a rare element raw

material with such a complex composition as laporite. Laporite concentrates

obtained by ore dressing have the following chemical composition, per cents

Wo20 -Ta2Or ....... 8-9 CaO ........... 5-8

R20 .oaoo.OOOODO,. 28-32 SrO ........... 2-3

ThO2 . o ., o ,«..... 0. 0.4-0.5 Ha 0 .......... 7-9

TiO2 .............. 33-37 Si 0 ......... 1-2.5

Fe2O3 ,..,...<„.... 1-3 pn .......... 0.1-0,2

Besides, the concentrate, in addition to loparite, contains such

impurities as etyrine, apatite? nepheline and feldspar-

When chlorinating the loparite concentrate (at 8OO~9OO°C) the complex

molecule of the mineral i& Jeoo^posed and chlorides are formed of the

individual elements included in the composition of loparite and the admix

tures of other minerals. Ovring to the great difference in the vapour
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tension of the chlorides of the rare earth elements, thorium, calcium

and sodiums the intermediate product consists of a melt of rare earth

chlorides, solid niobium and tantalum chlorides and liquid titanium

te trachloride.

During chlorination, one of the most difficult technological problems

is solved comparatively simply and effectively namely, the separation of

niobium, tantalum and titanium from the mixture of their compounds. All

three intermediate products of chlorination are readily subjected to

further treatment, particularly the melt of rare earth chlorides and

titanium tetrachloride,.

At the.present time industrial methods for converting the chloride

melt to Polirit and compounds of the individual rare earth elements have

been worked out and put into use on an industrial scale, as well as for

the conversion of the solid chlorides to ferroniobium and metallic

niobium and tantalum, and of titanium tetrachloride to metallic titanium.

The chlorination process has been extensively applied in the titanium

industry and for chlorination of titanium slags to obtain titanium

tetrachloride used in magnesiumthermic reduction and production of titanium

sponge»

The chemical composition of titanium slags obtained from various

ferrotitanium concentrates are given below:

Component

TiO2**

FeO

SiO2

CaO

of ilmenite

alluvial river

deposits*

90.30

2.20

2.50

4.10

Composition of slag

of ilmenite of

magmatic origin

82.10

2.61

5.06

3.00

of ferrotitanium-

"bearing seaside

deposits

85.20

3.00

3.80

0.62

Quoted from the book "Development of rare metals and semi—conductor

industry in the USSR" by Academician N. P. Sazhe'n 1967.

*

Melt of ilmenite concentrate to which limestone flux has been added.

** The TiO content is arbitrary because part of the titanium is contained

in lower oxides.
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MgO

MnO

A12°3

1-70

1.05

1.10

3 = 40

1-47

3.50

...

2.60

0.80

4.60

1.68

Total 102.95 101.14 102.30

Investigations are being made of chlorination in the melt and

in the boiling layer.

The third above-mentioned principal stage in the reprocessing of

concentrates of rare metals - the isolation of pure chemical compounds of

the individual elements is sometimes carried out by means of the common

hydrometallurgical methods used for nonferrous metals, but in a number of

cases for many rare metals these methods proved to be unsatisfactory. The

greatest difficulties were encountered in isolating individual elements

and obtaining pure chemical compounds for the lanthanide group. It is

also very difficult to achieve the separation of the elements in mixtures

of hiobium and tantalum, the separation of these metals from titanium,

the separation of zirconium from hafnium, of rhenium from molybdenum.

Absorption and extraction processes have been widely used in hydro-

metallurgy of rare metals. The development of these processes involves

the use of new types of synthetic sorbents possessing high selective

absorption ability. Liquid-liquid extraction processes with the aid of

organic solvents initially used in the atomic industry have been extensively

applied in the last ten years in the technological processes of rare-metals

and semiconducting-materials engineering. Extraction methods have essential

advantages over precipitation procedures! the two liquid phases are easily

separated, many extraction agents display considerable selectivity and

yield a high purity coefficient at minimum concentrations, and the process

can easily be made automatic. As concerns efficiency of separation, ex

traction approximates ion-exchange chromatography, while in production
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capacity of the apparatus, it considerably surpasses the latter process.

Extraction processes have "been studied for the separation of some rare

earth elements, zirconium from hafnium, niobium from tantalum, tungsten

from molybdenum, rhenium from molybdenum.

For the purpose of isolating individual rare earths from a mixture

of materials, old classical methods of fractional crystallization and

fractional precipitation have been investigated and modernized and new

methods have been worked out (isolation by means of ion-exchange processes,

extraction with the aid of organic solvents, processes taking advantage

of variable valency, etc.).

Various methods of reducing compounds to metals have been studied

in detail for most of the rare elements, which has made it possible to

choose the mest rational methods for industrial purposes.

Methods have been developed and adopted for reducing the oxides of

tungsten, molybdenum, germanium and rhenium to the corresponding metals

by means of hydrogen. A method for reducing niobium oxide to niobium

by heating with carbon has been investigated.

Metallothermic processes for reducing to the metals the oxides, chlorides

and fluorides of rubidium and caesium, beryllium, titanium, zirconium

and hafnium have been developed. The magnesiumtfcsraie process used for

obtaining beryllium from its fluoride is used likewise to obtain commercial

rubidium and caesium.

Several institutes have used calcium hydride for reducing titanium

dioxide, however, most of the research and designing work was carried

out using the magnesiumthermic and sodiumthermic methods for reducing

titanium tetrachloride to titanium.

. Extensive research has been carried out using electrolytic methods

of obtaining rare metals. Electrolysis of aqueous solutions has been

developed for gallium, indium and rhenium. Electrolysis in fused media
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has been studied for lithium, beryllium, cerium, lanthanum, neodymium,

praseodymium, zirconium, thorium and tantalum. The isolation of

beryllium by electrolysis from a mixture of beryllium and sodium

chlorides has been studied and tested in pilot plants. This method yields

metallic beryllium of high purity. The electrolysis of mixtures of

chlorides of rare e---h..el*E^3 and chlorides of the alkali metals is used for

obtaining the rare earth metals cerium, lanthanum and praseodymium.

Electrolysis methods with the use of liquid cathodes have been developed

for isolating neodymi$m, samarium and yttrium. A fusion of rare earth

elements with zinc is further separated in vacuum.

Refininff of metals. The rare metals are usually obtained in the form

of powders of varying fineness. The continuously growing industrial require

ments for high quality rare metals as well as the need, in most cases, of

compact metals have made it necessary that extensive research in refining,

powder metallurgy and smelting of rare metals be conducted' In contrast
to nonferrous metallurgy the oxidation-refining methods are" almost never

used, while oxidation-refining methods by electrolysis with the use of a

soluble anode are seldom used for purification of rare metals. The thermal

dissociation of titanium, rdrconium and hafnium iodides has been considera

bly developed in the rare-metal industry-

Vacuum distillation methods have also been developed and extensively

used, particularly.,:^..the light metals and rare earth elements. Investi

gations have been made of purification of beryllium by means of sub

limation in a vacuum of 1O~4-1(T5 mm Hg. We have patented a method of

purification of lithium by fractional distillation under vacuum in a

special fractionating column (rectification).

But unusually rapid progress has been achieved in purification processes

by means of smelting under high vacuum-in electro-beam furnaces. Besides the

theoretical studies of the smelting process, intensive studies were carried out

in developing the most expedient design for the electron-beam furnaces.

The requirements of the semiconducting products industry have given rise

to progress in investigations of crystallophysical methods of refining rare

metals and semiconducting elements.
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Many investigations of zonal smelting and extraction of monocrystals

(according to Chokhrilsky) have been conducted, including designing of

apparatus. There are now furnaces for zonal smelting without using crucibles,

Crystallophysical methods of refining are widely used for high purifica

tion not only of semiconducting elements and compounds. Each year the number

of rare, valuable and precious metals for which these methods are used is

steadily increasing, particularly the different variations of zonal smelting.

In recent years methods of high purification of semiconducting

materials by means of gas-transportation reactions are rapidly developing.

Production of compact ingots of metals and alloys and their mechanical

treatment. In the manufacture of rare metals and their alloys (for instance,

by electrolysis) they are often obtained in the form of powders of various

fineness. Such powders of rare metals are comparatively seldom used as

such. In most cases compact ingots are required or products made of

compact metals with a minimum residual porosity. The methods of powder

metallurgy (metal ceramics) as well as methods of smelting and casting

are made use of for obtaining compact metals.

An efficient technological process exists for the metalloceramic

production of tungsten, molybdenum and various alloys on the basis of these

metals. There is also a metalloceramic method for manufacture of products

from calcium-hydride titanium. Metalloceramic methods for obtaining compact

ingots and diverse intermediate products from zirconium, niobium, tantalum

and rhenium have also been developed.

In the last ten years the smelting and casting methods have been

extensively used in rare metal engineering. The great affinity of the

melted metals for oxygen and nitrogen makes it necessary to conduct the

smelting in the atmosphere of an inert gas or under high vacuum. The

smelting of rare metals, especially the refractory metals is carried out

in electric furnaces of different construction - induction, arc and electron-

beam furnaces.
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The titanium industry uses vacuum arc electric furnaces provided

with, a consumed electrode and a copper water-cooled crucible. Methods of

smelting niobium, tantalum, tungsten and molybdenum in furnaces with

electron-beam heating have been put into use- The great advantage of

electron-beam furnaces over other furnaces for smelting rare metals is

the high, purity attained, and consequently the high quality of the metal

ingot. The high vacuum, the high temperature and the possibility of

maintaining the metals at this temperature for the required period of

time makes it possible to free the refractory metals from considerable

amounts of impurities. Of especial importance is the possibility of

removal of dissolved gases, chlorides and other volatile compounds.

In order to avoid the adverse effects of the material from which

the crucible is made, besides using the water-cooled copper crucible, a

furnace has been designed in which the melted metal does not come in

contact with the walls of the crucible or apparatus, for example furnaces

for induction smelting in suspension, furnaces for zonal smelting without

crucibles, etc.

The high quality requirements set forth by some industries of the

Soviet Union for intermediate products and end products nade of rare

metalshave given rise to :.iany investigations into methods of treatment

of rare metals. Studies have boon made of methods of protection against

oxidation and gas-saturation of refractory rare metals, by heating them

in a reducing atmosphere, in the atmosphere of inert gases, in salt baths

with subsequent straining and cooling, and some of these methods have

been put to practical use. To protect refractory metals against oxidation,

welded sheaths made of steel, nickel and other metals were used in all

the stages of the process - heating, straining, cooling- Sometimes use

was made of special paints and putties which were applied by various

means, such as sizing by means of a plasmic stream, precipitation from

the gaseous phase and other methods.

In recent years, abroad as well as in the USSR? extensive investiga

tions are being carried out to solve the cardinal problem of hot treatment

of rare metals by pressure in vacuum or in inert gases.
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Of great importance are the investigations applying analytical

chemistry. At first they were aimed, principally, at determining the

content of rare metals in the mineral ore deposits and the intermediate

products of the chemical and metallurgical industries. Later when the

purity requirements grew higher, it became of utmost importance to

determine the microimpurities in the purified rare metals, their compounds

and in a number of semiconducting materials. In some cases the develop

ment of methods of determining microimpurities in ultrapure materials

was no less difficult than the development of the production of such

materials.

Thanks to the adoption of accelerated colorimetric methods of

analysis instead of the laborious gravimetrical and volumetric methods

that require a long time to perform, a fundamental revolution was

achieved in the analytical analysis of many rare metals, particularly

niobium, tantalum, titanium and tungsten Further development of

colorimetry, especially, spectrophotometry (in its differential variant)

has made it possible to effectively determine high contents of tantalum,

niobium, titanium, rare earth elements and other rare metals in

concentrates, intermediate products, melts and other materials of

complex composition with a great degree of precision (within O.2-C13$),

Despite the advances in physical analysis, the chemical methods of

analysis have as yet not lost their significance for controlling the

purity of metals; nonmetallic impurities (sulphur, selenium, tellurium,

phosphorus, chlorine) are determined in plant laboratories practically

only by these methods.

For checking the composition of rav materials, intermediate

products and end products, the plants of the rare-metal and semi

conducting materials industries have also made use of polarographic

methods of analysis which are characterized by high selectivity and . . .

comparatively high precision. Polarography is used for determining

the content of rare earth elements, titanium and niobium in ores and

concentrates, and nonmetallic impurities in semiconducting materials.
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Spectral analysis and X-ray diffraction analysis are of particular

importance. These methods are used for performing more tnan 50 per cent

of all the analyses made in the rare-metal industry.

A special place is occupied by the analysis of gaseous impurities

(hydrogen, carbon, nitrogen and oxygen) in metals. This analysis requires

special procedure including vacuum smelting with gasanalyzers and activa

tion analysis.

An achievement of great significance is the adoption of mass-spectrum

analysis for determining impurities(comprising almost all the elements of

the periodic system) in pure metals and semiconducting materials with a

sensitivity of 10 -10 per cent (with the exception of determinations of

carbon, nitrogen and oxygen which are performed with a lesser sensitivity).

Pure refractory metals (titanium,, zirconium,, hafnium, niobium, tantalum

and others) containing impurities within 10 -10 per cent are most suited

for this type of analysis.

Zirconium and Hafnium

The similarity of the chemical properties of the corresponding compounds

of zirconium and hafnium is quite remarkable and can be compared only to

the similarity of properties of the compounds of the rare earth elements.

Many of .the most important fields of up-to-date engineering demand ever

increasing amounts of pure zirconium and hafnium and alloys based on them.

The capacity of the plants all over the world, producing zirconium, totals

to several thousand tons, while those producing hafnium, to several hundred

tons ■

Zirconium is characterised by a rather low heat-neutron-capture cross

section (0.18 *■ 0.02 barn). However, when used in nuclear power engineer

ing it must be thoroughly freed from hafnium (with a great capture cross

section). The most widely spread reactor alloys on the basis of zirconium

are the so-called Zircalloys. The principal alloy of this type is Sircalloy

2 (1.3-1.6 io Sn, 0.07-0.204 io Fe? 0.05-0. 16 f Gr, 0.05-0.08^ Ni) possessing

the highest strength and corrosion resistance. Other alloys are also known.

Metals ceramics (cermets) are known, in the form of coatings on the basis of

zirconium boride and dioxide. Many refractory products are manufactured on

the basis of zirconium oxide.
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Up to the presen.t time over 90 % of the hafnium produced has been

used in nuclear engineering as inhibitors in regulating devices of nuclear

reactors, especially ship and aircraft nuclear engines, owing to its

adequately high heat-neutron-capture cross section (115 barn),'and also

to its considerable corrosion resistance and high melting point. Hafnium

has the advantage over other elements (boron, rare elements of the yttrium

group) in that it is a long-life absorber (since among its many isotopes

there are those with similar characteristics and it displays considerable

resonance absorption in the above-thermal region).

Another important new field for the employment of hafnium is its

utilization as a component of ultrarefractory .alloys for spac.ecra.ft and

other engineering fields. The oxide, carbide, boride and silicide of

hafnium occupy one of the first places among high-temperature compounds.

This information is based on the reports of the principal research carried

out in recent'years. For instance, the hafnium - tantalum carbide (1:4)

possesses metal-like properties and is considered to be the most refractory

material (melting point is 393O-394O°C; the melting point of HfC and TaC

individually is 3890 C). We have investigated (a series of papers have been

published, which I can present) ternary Ti-Zr-Hf systems and also other

metals in the fifth, sixth and seventh group of the Mendeleev periodic

system, as well as iron, nickel, cobalt with carbon, silicon and boron.

Many .of the alloys on the basis of thesesystems have been put to industrial

use. a. long time ago, but a number of them-, not utilized'as yet, are definitely

of great interest.

Zirconium and hafnium may play a decisive role in the electro-

vacuum Industry. .

The chief ore-forming zj^ooTTtbaa-b^aringmineral is zircon containing

49-5% Zr. Baddelite (ZrO2) is of less industrial importance. The reserves

of these minerals all over the world (not counting USSR) exceed 25-27

million, tons. . ■
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The occurrence of the third mineral, eudialite, despite its large

deposits is only potentially valuable for the zirconium industry inasmuch

as the content of zirconium in eudialite is from 5 to 7 times less than in

the first two minerals.

In the USSR seaside and alluvial zirconium deposits are feeing worked.

The content of hafnium on the earth's crust is 150 times less than

zirconium. Hafnium does not form individual minerals, but in the form of

isomorphic impurities always accompanies zirconium. For instance, the content

of hafnium dioxide in zircon varies within 0.6-8$; in badde.lite, within

O.1-3.5& in eudialite, within 0.1-1$. It is obvious that the production

of hafnium can be organized only with the rational utilization of all the

important components of zirconium-hafnium ores.

Zircon is a refractory mineral that is subjected to disintegration

with great difficulty. Because of this there is a large number of methods

for the initial treatment of zirconium concentrates but only a very few have

found extensive industrial use as an integral part of the technological

process of production of zirconium dioxide and metallic zirconium.

The best known methods of disintegrating zircon (baddelite) can be

classified in the following- groups: treatment with alkali reagents, treatment

with fluorine-containing reagents, treatment of minerals with acids and their

salts, high-temperature processes, chlorination-sublimation-condensation.

In literature the following alkali methods of decomposing zircon are

described: fusion with sodium hydroxide, treatment with solutions of sodium

hydroxide with heating in autoclaves, caking with sodium carbonate, caking

with lime or limestone in the presence of additions that lower the temperature

of the process.

Smelting of zirconium concentrates with thrice the theoretical amount

of sodium hydroxide at 5OO-55O°C ensures complete decomposition of the

raw material according to the reaction:

ZrSi04 + 4 Na0H = Wa2Zr03 + Na2Si0 + 2 HO.
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However, such smelting results in the formation, as a rule, of a very-

hard mass that is difficult to crush. This can "be overcome if ground

concentrate mixed with 50 % sodium hydroxide solution is preliminarily

calcined at 250-300 C and the resulting porous material is then heated to

600 C and maintained at that temperature during 1 hour..

The melt is then leached. Zirconium hydroxide remains in the residue

together with sodium zirconate. All these are ordinary processes similar

to those used for other rare metals.

Separation of zirconium from hafnium

In connection with the development of nuclear engineering the demand

for zirconium free from hafnium has substantially increased. In its turn

the demand for hafnium has also appeared. This has given rise to the

necessity of considerable improvement of existing industrial methods of

separation of zirconium from hafnium and the origination of new efficient

methods.

The following well-known groups of methods for separating zirconium

from hafnium can be enumerated: fractional crystallization of various compounds,

such as oxychlorides, double oxilates, sulphates or fluorides with ammonium

or potassium, as well as complex citrates; fractional precipitation of double

and basic sulphates? hydroxides, basic chlorides, peroxides, phosphates and

ethylphosphates, ferrocyanides, complex fluorides and carbonates, organic

compounds; fractional sublimation and distillation of halides and their

molecular compounds; selective reduction of halides; chromatographic separa

tion; extraction by dissolving in organic solvents. The last two procedures

are, in all probability, the most up-to-date methods (they have been tested

by academician B.I. Lascorin and his associates).

The extraction methods are principally used for the industrial separation

of zirconium from hafnium. At the present time two processes are important:
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(1) Separation of zirconium from hafnium "by extraction from hydro

chloric acid solutions containing thiocyaniies "by dissolving in methylis-

obutyl ketone (hexono) with extraction of hafnium, mainly, in the organic

medium.

(2) Separation of zirconium from hafnium "by extraction from nitrate

solutions, using a solution of tritutyiphosphate in an inert diluent with

extraction of zirconium, mainly, in the organic phase-

Besides these methods there are descriptions of extraction processes

using many other extracting agsnts; acid esters of orthophosphoric acid,

trioctyl amine, long-chain amines, diethyl ether a solution of salicylic

acid in an inert diluent, diketones and other extractants.

As has "been pointed out the most widely distributed methods of

processing zirconium ores is chlorination where anhydrous zirconium

(hafnium) tetrachloride is obtained. To obtain metallic zirconium and

hafnium use is made of metallothermic reduction of their chlorides (in the

case of hafnium this is followed "by iodide purification).

The industrially adopted extraction method for separating zirconium

from hafnium considerably complicates the production process because it

requires rechlorination of the,oxides obtained as a result of extraction.

Therefore the separation of the zirconium and hafnium chlorides without

their decomposition is a very interesting problem that can be solved by

taking advantage of the difference in volatility of the tetrachlorides and

the properties of higher and lover chlorides.

One of the methods of separating zirconium from hafnium without

decomposition is the fractional distillation of the chlorides of these

elements. Extensive studies of this process have been made by L.A*

Nisselson and his coworkers. But up to now there are no published data

concerning the use of this method in industrial plants.
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It is very difficult to obtain metallic zirconium and hafnium due

to the high stability of their compounds (as is the case for most of the

rare metals: Ti, Nb, Ta and others), the ability of the metals to actively

absorb gases, as well as the interaction of zirconium and hafnium at the

temperature of reduction with many of the materials used in making

crucibles. A great number of diverse abstracts are devoted to the

problem of zirconium and hafnium metallothermics. Owing to the high

melting points of zirconium and hafnium, as a rule, they are obtained

as a result of reduction in the form of a powder or sponge. In order

to obtain compact metals, additional operations must be carried out.




