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Abstract. Expansion of the fields of application of molybdenum and its compounds of high purity requires the study of 

their various purification methods. The paper considers low-temperature chlorination of technical molybdenum dioxide, purifi-

cation of the gas mixture from impurities in the filter system, condensation and dissolution of purified molybdenum oxychlo-

ride compounds in water. On filters made of tableted sodium chloride, gaseous molybdenum dioxide is purified from alumi-

num, iron, chromium and nickel with the formation of low-volatile compounds. The capture of silicon by this filter was not 

detected. Purification of tungsten on filters of granular molybdenum oxide practically does not occur. Purified molybdenum 

oxychloride compounds are desublimated in the form of compact and fluffy products with an underestimated chlorine content 

relative to the stoichiometric composition of molybdenum dioxide. Compact molybdenum oxychloride compounds dissolve in 

distilled water with little or no precipitation. When dissolving fluffy compounds of molybdenum, a tangible precipitate is 

formed, into which a significant part of the impurities passes. 
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1. Introduction 

In modern technology, the role of molybdenum is quite 

significant. Traditionally, it has been used mainly in the 

creation of heat-resistant alloys [1-2]. However recently, 

molybdenum has begun to be used in such important indus-

tries as: powder metallurgy, electro-vacuum technology, 

semiconductor electronics, nuclear power [3-4]. With the 

discovery of new technologies for the production of high-

purity molybdenum compounds, the areas of their research 

and use have significcantly expanded [5-8]. 

Usually molybdenum is extracted from concentrates at 

pyrometallurgical and hydrometallurgical processing plants. 

Hydrometallurgical conversion is multi-stage and requires 

cumbersome and complex hardware design of the process, 

since solutions must be cleaned in different ways from a 

large number of different impurities in it [9]. Considering the 

high elasticity of vapors of molybdenum and tungsten chlo-

rides and oxychlorides, pyrometallurgical processes of chlo-

rination of compounds of these metals are widely used in 

metallurgy for the production of the pure products [10, 11]. 

On the issues of chlorination of molybdenum raw materials 

and the production of molybdenum oxychlorides, a large 

number of works were carried out by Glukhov with employ-

ees [12, 13]. 

In order to obtain pure molybdenum compounds, a highly 

technological scheme is implemented in this work, including 

low-temperature chlorination of technical molybdenum diox-

ide, purification of the gas mixture from impurities in the 

filter system, condensation and dissolution of purified mo-

lybdenum oxychloride compound in water by the production 

of molybdenum acids. 

2. Materials and methods 

The mechanism for the production of molybdenum diox-

ychloride consists of a nickel chlorinator, a block of active 

filters and a condenser of purified molybdenum oxychlo-

rides. Low-temperature chlorination is carried out at a tem-

perature of 190-220°C and consisted in supplying chlorine 

gas to a chlorinator in which the initial molybdenum dioxide 

concentrate was already heated to the required temperature. 

To purify the products of the chlorination reaction from im-

purities, a gas stream containing a mixture of chlorine deriva-

tives of molybdenum, tungsten, aluminum, iron and other 

impurity chlorides was passed sequentially through heated to 

200-250°C with two filter nozzles.  

The first contained tableted sodium chlorides, the second - 

granular molybdenum trioxide. The purified gas stream from 

the filter system enters the condenser, in which it is desubli-

mated. This chlorination method is highly selective with a 

deep degree of molybdenum extraction from technical raw 

materials [14]. The low temperature of the chlorination reac-

tion makes it possible to manufacture equipment from relative-

ly inexpensive structural materials, and especially-nickel. 

3. Results and discussion 

According to the used technology, the main part of the 

impurities is removed at the chlorination stage. The impuri-

ties contained in the initial molybdenum oxide, with the 

exception of iron, aluminum and tungsten, either do not react 

with chlorine at temperatures up to 220°C, or form non-

volatile chlorides at this temperature. The resulting molyb-

denum dioxide is sublimated at a temperature of 157°C and 

flies away from the reaction zone. Iron and aluminum create 
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chlorides with boiling and ignition temperatures of 315 and 

183°C, respectively, and tungsten forms a mixture of ox-

ychlorides, of which only tungsten oxytetrachloride has a 

high vapor pressure (Temperature of boiling = 224°C) [11]. 

 During the purification of molybdenum vapor-gas diox-

odichloride, the accompanying impurities in the form of 

aluminum, iron, nickel and chromium chlorides bind to alkali 

metal chlorides into low-volatile, low-melting compounds of 

the NAECLN type by reaction: 

NaCl + МеCln = NaМеCln+1.                                        (1) 

Silicon, which is in a vapor-gas mixture, usually in the 

form of chlorosilane, forms a non-volatile compound of 

Na2SiCl6 when interacting with sodium chloride: 

SiCl4 + 2NaCl = Na2SiCl6                     (2) 

The complex chlorides formed by reaction (1), (2) at a 

temperature of 220°C have low vapor pressure and high 

thermal resistance, therefore it is assumed that the degree of 

purification of the gas stream from iron and aluminum will 

be high. 

Figures 1 and 2 show the type of particles of spent filters 

made of tableted sodium chloride and molybdenum trioxide, 

as well as their characteristic spectrograms obtained on a 

scanning electron microscope (SEM) at different magnifica-

tions. 

 

 
а) 

 
б) 

Figure 1. View of the filter particles from tableted sodium 

chloride (a) and molybdenum trioxide (b) obtained on SEM at 

different magnification 

The obtained data shows that the filter of sodium chloride 

tablets is cleaned of iron, nickel and chromium. The capture of 

aluminum and tungsten is very insignificant, and silicon chlo-

ride compounds are practically not captured by this filter at all. 

 
а) 

 
б) 

Figure 2. Characteristic spectrograms of filter particles from 

tableted sodium chloride (a) and molybdenum trioxide (b) ob-

tained on SEM 

The compositions of the filter particles from tableted so-

dium chloride obtained on SEM are shown in table 1. 

Table 1. Composition of filter particles from tableted sodium 

chloride, % of the mass 

Chemical 

element 
Spectrum 1 Spectrum 2 Spectrum 3 

O 16.77 17.73 22.86 
Al 0.15 0.19 0.22 
Si 0 0.1 0 
Cl 43.25 40.87 41.12 
Cr 0.95 1.04 0.37 
Fe 1.25 1.1 0.45 
Ni 0.33 0.26 0.34 
Na 32.31 35.12 29.63 
Mo 5.13 3.62 4.66 
W 0.17 0.13 0.31 

 

Tungsten is the most undesirable and difficult-to-remove 

impurity in a molybdenum product. For purification from 

volatile tungsten compounds in the vapor-gas phase, a filter 

containing granular molybdenum trioxide was used, which 

also served to purify the vapor-gas stream from other molyb-

denum compounds. The process of purification from tung-

sten is described by the equation: 

WOCl4 + 2MoO3→WO3 + 2MoO2Cl2                         (3) 

As can be seen, as a result of the reaction (3), tungsten 

trioxide should be formed, which has an insignificant vapor 

pressure at a temperature of 220°C and gaseous molybdenum 

dioxide, which is the main product of chlorination. The ele-

ment composition of the spent filter particles from molyb-

denum trioxide obtained after the chlorination and purifica-

tion process is shown in table 2. 
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Table 2. Composition of molybdenum trioxide filter particles 

obtained by SEM, % of the mass 

Chemical 

element 
Spectrum 1 Spectrum 2 Spectrum 3 

O 30.04 32.65 31.17 
Al 0.05 0.10 0.12 
Si 0.09 0.08 0.12 
Cl 0.37 0.59 0.80 
Cr 0 0 0 
Fe 0.10 0.34 0.25 
Ni 0.09 0.26 0.00 
Mo 69.15 65.76 67.16 
W 0.18 0.10 0.51 

 

By analyzing the composition of the particles from the 

molybdenum trioxide filter, it can be noted that the purifica-

tion of the vapor-gas mixture from aluminum, iron and nick-

el continues on it, but it is significantly less than on the pre-

vious sodium chloride filter. It is also possible to note a 

slight purification from silicon. Chromium capture by this 

filter is not detected within the error of the analytical equip-

ment. It is worth noting that the purification from tungsten on 

the molybdenum trioxide filter is insignificant, probably the 

reaction (3) with these parameters goes at a very low speed. 

The purified gas stream from the filter system enters the 

condenser, in which it is desublimated. In the process of 

condensation, two types of molybdenum product were ob-

tained: the first, formed on the walls of the condenser and 

representing a relatively compact yellow-green product, the 

second in the form of a loose powder consisting of fluff-like 

particles. The type of samples of desublimated molybdenum 

dioxychloride obtained on SEM at different magnification is 

shown in Figure 3, and the composition of their various 

fragments in table 3. 

 

 
а) 

 
б) 

Figure 3. Electronic photos of compact (a) and spider-like (b) 

particles of molybdenum dioxide, obtained on SEM, at different 

magnification 

Table 3. Composition of compact and fluff-like particles of molybdenum dioxychloride obtained by SEM 

Chemical 

element 

Content, % 

Compact particles Fluff-like particles 

Spectrum 1 Spectrum 2 Spectrum 3 Spectrum 1 Spectrum 2 Spectrum 3 

O 33.53 18.11 22.32 31.60 28.51 26.83 

Cl 0.65 26.69 23.21 0 11.02 10.05 

Al 0 0.1 0 0 0 0 

Cr 0 0 0 0 0 0.05 

Si 0.1 0 0 0.1 0 0 

Fe 0.10 0.21 0.12 0 0.10 0 

Ni 0.05 0 0.1 0 0 0 

Mo 64.49 50.51 53.21 68.40 59.62 61.17 

W 1.13 0.40 0.95 0.40 0.30 0.25 

 

In all the samples studied, it is possible to note an insig-

nificant content of iron and tungsten. Moreover, unlike com-

pact ones, the content of iron and tungsten in fluff-like sam-

ples is less, which can be explained by higher desublimation 

temperatures of iron trichloride and tungsten oxytetrachlo-

ride, which are easily deposited on the hotter walls of the 

condenser.  

The presence of iron and tungsten in almost all fragments 

of the samples suggests that the reaction (1) of the formation 

of non-volatile iron compounds on tableted sodium chloride 

and the reaction (3) of the formation of non-volatile tungsten 

trioxide compounds on granular molybdenum trioxide, with 

these parameters, has limited application and does not pro-

vide high selectivity of the process. It is possible to note only 

a slight capture of tungsten on filters made of both tableted 

sodium chloride and filters made of granular molybdenum 

trioxide.  

Aluminum, nickel, chromium and other elements in both 

samples were not detected within the detection error, which 

gives reason to believe that with these parameters, reaction 

(1) can be used to purify molybdenum chloroxide com-

pounds from these elements. The absence of silicon in desub-

limated samples of molybdenum oxychloride compounds 

suggests that the reaction (2) can be quite workable.  

Analyzing the stoichiometric composition of compact and 

downy samples of molybdenum dioxide, it can be noted that 
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they do not correspond to the stoichiometric formula 

MoO2Cl2, but are much closer to the formulas MoO(2.25-

2.4)Cl(1-0.8) for compact and MoO(2.6-2.8)Cl (0.2-0.1) for 

downy samples. This behavior is explained by the fact that 

atmospheric oxygen easily displaces chlorine from molyb-

denum dioxide, and since the bulk density of freshly pre-

pared fluff-like samples of molybdenum dioxide is usually 

about 50 kg/m3, and they have a very large free surface, even 

in freshly prepared samples there is a noticeable shortage of 

chlorine. 

Many works have been devoted to the problem of study-

ing the dissolution of molybdenum-containing products [15, 

16]. In our case, the dissolution of the molybdenum product 

was carried out in distilled water by reaction: 

MoO2Cl2 + 2H2O= H2MoO4 + 2HCl                        (4) 

According to equation (4), during hydrolysis, molyb-

denum and hydrochloric acids are formed. The reaction is 

exothermic, the dissolution takes place with the release of 

heat (the temperature of the solution increases by 20°C). At 

the same time, depending on the parameters of the experi-

ment, the place of removal of the desublimate and the meth-

od of dissolution, solutions of different colors and with dif-

ferent amounts of sediment are formed.  

The dissolution of compact samples of molybdenum ox-

ychloride compounds in water at any temperature occurs 

almost completely with the formation of an insignificant, less 

than 0.5%, precipitate. The resulting productive solution has 

a blue color due to the presence in the solution of para-

molybdate ions Mo4O13-2, formed during the hydrolysis of 

various oxychloride compounds of molybdenum [17]. 

When the fluff-like samples of molybdenum compounds 

are dissolved in water, a pulp is formed, probably due to the 

formation of metamamolybdate ions Mo7O24-2 in solution, 

which have low solubility. The filtration rate of such pulp is 

good, the filtrate is transparent, about 30% of molybdenum 

acids pass into the precipitate. The element composition of 

molybdenum products: pulp, filtrate and cake are shown in 

Table 4. 

Table 4. Element composition of the dissolution products of fluff-like samples of molybdenum oxychloride compounds 

Product 
Content, ppm 

Li Na Mg Al Si P S K 

pulp 0.237 40.02 10.43 44.60 150.53 0.02 0.01 13.42 

filtrate 0.11 31.00 3.93 4.07 18.46 0.01 0.01 3.99 

кек 0.41 108.52 22.73 141.88 194.23 0.03 0.03 33.05 

Product 
Content, ppm 

Ca Sc Ti V Cr Mn Fe Co 

pulp 85.73 0.11 5.60 6.38 38.81 4.16 180.66 0.72 

filtrate 14.97 0.17 0.58 0.54 26.36 2.25 107.43 0.54 

кек 247.87 0.23 17.68 21.05 43.64 6.39 256.35 0.86 

Product 
Content, ppm 

Ni Cu Zn Ga Ge As Se Rb 

pulp 27.88 3.92 5.71 0.13 0.08 2.35 1.85 0.22 

filtrate 19.30 0.84 0.49 0.01 0.04 0.02 0.01 0.03 

кек 30.03 10.93 18.55 0.34 0.09 8.23 6.15 0.18 

Product 
Content, ppm 

Sr Zr Nb Ag Cd Sn Sb Te 

pulp 3.02 3.84 0.06 22.17 2.41 0.38 1.26 0.07 

filtrate 0.15 0.02 0.02 0.35 1.28 0.08 0.63 0.04 

кек 10.10 13.24 0.18 76.84 2.69 1.20 2.06 0.22 

Product 
Content, ppm 

Cs Ba La Ce Pr Nd Sm Pb 

pulp 0.07 11.25 0.03 0.30 0.09 0.24 0.41 1.49 

filtrate 0.01 1.71 0.01 0.19 0.05 0.20 0.14 0.27 

кек 0.09 33.55 0.16 0.45 0.88 0.62 0.45 4.23 

 

For almost all impurity elements, a significant decrease in 

their content occurs during the transition from pulp to fil-

trate. For 3d metals such as iron, chromium, manganese, 

cobalt, copper, the reduction is one and a half to two times. 

For alkaline and alkaline earth elements, such as calcium, 

magnesium, potassium, it is three to five times, and for many 

elements, such as aluminum, silicon, zinc, silver and others, 

it is a decrease of more than ten times, that is, almost an 

order of magnitude. The mechanism of formation and for-

mation of this sediment can be represented as follows.  

Molybdenum acid is able to attach a different number of 

MoO3 molecules to form polyacids, the derivatives of which 

are polymolybdates. Unlike normal molybdates, polymolyb-

dates have a molar ratio of Me2O: MoO3 (where Ме- Na+, 

К+, NH4+) less than one and varies widely. For the most 

part, they are isolated from solutions in the form of crystallo-

hydrates with a different number of water molecules [17, 18].  

Polymolybdates are obtained by neutralizing acidic solu-

tions of polymolybdenic acids with alkali metal or ammoni-

um ions in a certain range of pH values. At the same time, 

MoO-ions transform into polymer anions by attaching pro-

tons to polyions to form water molecules according to a 

simplified scheme [19]: 

n·МоО4
2- + 2(n-1)·Н+ ↔ МоnО2x-

3n+x + (n-x)·Н2О 

In our case, when an oxychloride product with a signifi-

cant deficiency of chlorine ions is dissolved, a large number 

of MoO3 molecules are formed.For example, when dissolv-
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ing compact samples of molybdenum oxychloride com-

pounds with a formula close to к MoO(2.25- 2.4)Cl(1-0.8), 

the formation of the paramolybdate ion Мо4О13-2 occurs, 

and for fluff-like ones with the formula MoO(2.6-2.8)Cl 

(0.2-0.1) less soluble metamamolybdate-ion Мо7О242-. 

Their formation can be represented by the following reac-

tions: 

4МоО4
2- + 6Н+ ↔ Мо4О13

2- +3Н2О, 

7МоО4
2- + 8Н+ ↔ Мо7О24

2- +4Н2О 

In equilibrium with these polyanions in solution, there 

may also be anions of the type НМо4О13-, НМо7О24- or 

others formed as a result of the addition of protons to polyi-

ons [20]. The area of existence of various polymer forms in 

equilibrium with the MoO42- nones at which polyions are 

formed varies widely and depends on the pH value and the 

concentration of molybdenum in solution, which complicates 

the predictive power of the results obtained.  

Thus, low-temperature chlorination of technical molyb-

denum dioxide, purification of the gas mixture from impuri-

ties in the filter system, condensation and dissolution of 

purified molybdenum oxychloride compounds in water are 

considered.  

It has been shown that low-temperature chlorination of 

molybdenum oxide compounds is a selective process. It was 

revealed that the filter of granular sodium chloride purifies 

the gas stream of molybdenum dioxide from the accompany-

ing impurities of aluminum, iron, chromium and nickel, 

which bind to it in low-volatile fusible compounds. Silicon 

and tungsten are almost not captured by this filter and the 

filter of granular molybdenum oxide.  

It is noted that the condensation of molybdenum dioxide 

dichloride occurs with the formation of compact and downy 

products, the chlorine content of which is close to the formu-

las MoO(2.25-2.4)Cl(1-0.8) for compact and MoO(2.6-

2.8)Cl(0.2-0.1)  for downy samples. 

It was found that the newly obtained molybdenum desub-

limate is well soluble in water with the formation of molyb-

denum and various polymolybdenic acids. The dissolution of 

the compact product occurs with the formation of para-

molybdates with almost no sediment, and when the downy 

purge is dissolved, metamolybdates are formed with the 

formation of a precipitate, into which a significant part of the 

impurities passes. 
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Молибденнің оксихлоридті қосылыстарын суда алу, тазарту және 

еріту 

П.А. Осипов*, Р.А. Шаяхметова, А.Б. Сагындыков  

Минералдық шикізатты кешенді қайта өңдеу жөніндегі ұлттық орталығы, Алматы, Қазақстан 
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Аңдатпа. Молибденнің және оның жоғары тазалықтағы қосылыстарының қолдану өрістерін кеңейту оларды 

әртүрлі тазарту әдістерін зерттеуді талап етеді. Жұмыста техникалық молибден диоксидін төмен температурада 

хлорлау, газ қоспасын сүзгі жүйесіндегі қоспалардан тазарту, тазартылған молибден оксихлоридінің қосылыстарының 

суда конденсациялануы және еруі қарастырылған. Таблеткаланған натрий хлоридінен жасалған сүзгілерде газ тәріздес 

молибден диоксиді алюминийден, темірден, хромнан және никельден төмен ұшқыш қосылыстар түзе отырып 

тазартылады. Бұл сүзгі арқылы кремнийді ұстау анықталмады. Түйіршікті молибден оксидінің сүзгілерінде 

вольфрамнан тазарту іс жүзінде жоқ. Тазартылған молибден оксихлоридінің қосылыстары молибден диоксидінің 

стехиометриялық құрамына қатысты хлор мөлшері төмен бағаланған ықшам және үлпілдек өнімдер түрінде 

десублимацияланады. Ықшам молибден оксихлоридті қосылыстар дистилденген суда аз немесе жауын-шашынсыз 

ериді. Молибденнің үлпілдек қосылыстарын еріткен кезде қоспалардың едәуір бөлігі өтетін нақты тұнба пайда 

болады. 

Негізгі сөздер: молибден, оксихлоридті қосылыстар, сублимация, конденсация, еріту, полимолиб қышқылдар. 

Получение, очистка и растворение оксихлоридных соединений 

молибдена в воде 
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Национальный центр по комплексной переработке минерального сырья, Алматы, Казахстан 

*Автор для корреспонденции: osipovapi@mail.ru 

Аннотация. Расширение областей применения молибдена и его соединений повышенной чистоты требует изуче-

ния их различных способов очистки. В работе рассмотрено низкотемпературное хлорирование технического диоксида 

молибдена, очистка газовой смеси от примеси в системе фильтров, конденсация и растворение в воде очищенных 

оксихлоридных соединений молибдена. На фильтрах из таблетированного хлорида натрия происходит очистка газо-

образного диоксидихлорида молибдена от алюминия, железа, хрома и никеля с образованием в малолетучих соедине-

ний. Захвата кремния этим фильтром не обнаружено. Очистки от вольфрама фильтрами из гранулированного оксида 

молибдена практически не происходит. Очищенные оксихлоридные соединения молибдена десублимируются в виде 

компактных и пухообразных продуктов, имеющих заниженное содержание хлора относительно стехиометрического 

состава диоксидихлорида молибдена. Компактные оксихлоридные соединения молибдена растворяются в дистилиро-

ваной воде практически без осадка. При растворении пухообразных соединений молибдена образуется ощутимый 

осадок, в который переходит значительная часть примесей. 

Ключевые слова: молибден, оксихлоридные соединения, сублимация, конденсация, растворение, полимолибденовые 

кислоты. 
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