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HYDROMETALLURGICAL METHOD OF PROCESSING
OF CRUDE TELLURIUM DIOXIDE TO PRODUCE PURE TELLURIUM
DIOXIDE IN ORDER TO PREPARE PURE TELLURIUM DIOXIDE
FOR REFINING

Abstract. The paper presents the results of investigations on the subsequent processing of the tellurium dioxide
to produce pure tellurium dioxide and the subsequent refining of pure tellurium dioxide to produce metallic high
purity tellurium. On the basis of the studies carried out, the following can be concluded: the depth of purification of
tellurium dioxide from lead and copper impurities is much higher in comparison with the available methods. In
addition, replacing the energy-intensive and prolonged (usually several hours) operation of cooling the solution to
0 °C with a simpler solution processing operation performed by adding a small amount of cheap and affordable
reagent, iron chloride (IIT) for several minutes, greatly simplifies and accelerates process, and also reduces the cost of
its implementation.
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The refining and hydrometallurgical manufactory of lead production in Southern Kazakhstan have
significant reserves to increase the production of tellurium. The task of this work was to develop methods
for high extraction of tellurium with minimal costs. The production of tellurium dioxide by a hydrome-
tallurgical method usually does not require complicated equipment, high temperatures and pressures, but
causes certain difficulties in removing heavy metal impurities, especially copper, silver, plumbum,
antimony, tin, hydrargyrum, and nickel. These difficulties increase with the production of high purity
tellurium dioxide, when deep purification from these impurities is required.

Due to the fact that from the dust of agglomeration, the tellurium is not extracted from tellurium, and
all the dust and lees of the hydrometallurgical manufactory are set in the head of the process, then in the
end all the tellurium coming in with the raw material is in the agglomerate and enters the mine reduction
melting. Similarly, tellurium is distributed and selenium. In the raw materials that are deposited on the
lead plant, 12-15 tons of tellurium and 3.5 tons of selenium are contained per year.

The production of tellurium dioxide by hydrometallurgical method usually does not require com-
plicated equipment, high temperatures and pressures, but it also causes known difficulties in removing
impurities of heavy metals, first of all, such as copper, silver, plumbum, antimony, tin, hydrargyrum,
nickel. These difficulties increase with the production of high purity tellurium dioxide, when deep
purification from these impurities is required.

Previously known works [1-5] on the purification of tellurium dioxide from copper and lead
impurities include the interaction of the tellurium dioxide produced by processing telluric slurry from the
neutralization of selenium solutions with sodium hydroxide solution, the treatment of the resulting sodium
tellurite solution with sodium sulfide, the separation of the precipitated into a precipitate of copper sulfides
and lead by filtration, and treatment of the remaining solution with sulfuric acid to precipitate tellurium
dioxide. After separation of the precipitate by decantation, its dehydration on the nutch filter, drying,
grinding and testing, a commercial tellurium dioxide is obtained. A typical analysis of the product, %:
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77.0 tellurium, 0.03 selenium, 0.02 silicic acid, lead is absent. But the product obtained is of poor quality,
and the technological processes for cleaning working solutions are very complex and do not give a
positive quality to the raw materials.

A method for purification from impurities [6] has been developed to produce high purity tellurium
dioxide, used in the production of tellurite glasses for fiber optics, for the growth of paratellurite single
crystals. The initial tellurium dioxide is calcined in a vacuum at a temperature of at least 550 °C. in a
crucible made of inert material to tellurium dioxide, the calcined tellurium dioxide is melted, the resulting
melt is vacuum distilled at a temperature of not more than 780 °C. The purified product is deposited on a
substrate whose temperature is 450-650 © C. The invention makes it possible to increase the purity of tel-
lurium dioxide from metal impurities and residual moisture. The lack of technology lies in the high-
temperature range of the process.

Scientists [7] have developed a method for purifying tellurium dioxide from copper and lead im-
puritics. The method is based on the interaction of the tellurium dioxide produced by processing the
tellurium sludge from the neutralization of selenium solutions, with a solution of sodium hydroxide. In
this case, the obtained sodium tellurite solution is treated with sodium sulfide, followed by separation of
precipitated copper and lead sulphides by filtration. After that, the filtrate is deoxidized with sulfuric acid
to precipitate the dioxide of tellurium. After separation of the precipitate by decantation, its dehydration
on the nutch filter, dryving, pulverization and testing, a commercial tellurium dioxide is obtained. A typical
analysis of the product,%: 77.0 tellurium, 0.03 selenium, 0.02 silicic acid, lead is absent. This method was
not viable, as it had the following drawbacks: low purity of the product obtained; the difficulty of cleaning
the solution of tellurite natrium from the impurities of copper and lead by means of sodium sulfide in
production conditions where it is difficult to ensure the accuracy of the dosage of the reagent; the dif-
ficulty of cleaning the solution of tellurite natrium from the impurities of copper and lead by means of
sodium sulfide in production conditions where it is difficult to ensure the accuracy of the dosage of the
reagent; the use of sodium sulfide as a reagent does not allow to purify the solution from the impurities of
tin, antimony and arsenic.

Along with this method, the following scientists developed [8] a method for purification of tellurium
dioxide from mixtures of heavy metals. Dioxide of tellurium, obtained by oxidation of technical tellurium
with nitric acid, interacts with sodium hydroxide solution, and precipitates of heavy metal impurities are
separated, followed by separation of tellurium dioxide from the resulting solution of tellurite sodium by
treating the solution with hydrochloric acid to pH 3 , 0-3.5. This method is simpler than the previous one,
since it does not require the use of a special reagent, sodium sulfide, the interaction of which not only with
the solution but also with the impurity sediment can cause the dissolution of some of them (possible con-
tamination with sulfur) and make it difficult to purify the solution. The advantages of this method are as
follows: after dissolution of tellurium dioxide in the deposit, gold and selenium completely leave, which
can be used in hydrometallurgy of gold. When neutralizing the solution with hydrochloric acid, additional
purification of tellurium takes place from copper, lead, silver, manganese, nickel and other impurities. But
despite the perfect methods of solving the problem, there are the following disadvantages:

— the need to use as raw material only a material that is fairly pure in tellurium (technical tellurium
with a purity of at least 98.5%);

— a low degree of purification of tellurium dioxide from iron (34.5%) and silicon (51.5%) in the
alkaline solution stage;

— impossibility of deep purification of tellurium dioxide from lead and copper impurities in the stage
of treatment (neutralization) of an alkaline solution with hydrochloric acid, because of their precipitation
from the solution together with tellurium dioxide [9, 10].

The most perfect technical essence is the method of purifying tellurium dioxide from copper and lead
impurities [11]. The method involves interaction of tellurium dioxide with a solution of sodium hydroxide
and a two-stage treatment of the resulting solution of sodium tellurite with a mineral acid separating the
precipitate of metal impurities after the first stage while cooling the solution to 0 °C and separating the
precipitate of the dioxide of the tellur after the second stage of treatment. The first stage of treatment of
the sodium telluride solution with a mineral acid (for example, sulfuric acid) is usually carried out to a pH
of 9-10. At the same time, tellurides of copper, lead and other heavy metals fall into the precipitate, as
well as a certain amount of tellurium dioxide itself (5-10% of the original quantity). The solution is cooled
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to 0 °C to reduce it to the lowest possible concentration of copper and lead tellurites, since the solubility of
the latter decreases with decreasing temperature. The second stage of treatment is, as a rule, up to pH = 3-4.
In this case practically all the tellurium dioxide contained in the solution falls into the precipitate, as well
as part of the impurities that are soluble in it. The method makes it possible to obtain tellurium dioxide
with a lead content of 4-107 % and copper 1-10” % even at high concentrations (up to 5%) of these metals
in primary tellurium dioxide. The following nuances are not taken into account:

— low depth of purification of tellurium dioxide from lead, copper and other heavy metals;

— the need to cool the sodium tellurium solution to 0 °C after the first stage of treatment with acid,
which requires special refrigerating equipment, an increase in production areas, additional energy and
labor costs.

On the basis of the foregoing, our task is to improve the purity of the final product.

A characteristic feature of modern metallurgical production is the integrated use of raw materials.
Increasing the extraction of basic and associated metals is the main task of metallurgists in the modern
world of growing innovative technologies.

Along with the available methods, foreign scientists [ 12-15] have developed a method for obtaining
tellurium of high purity. Purity (99.9995%) can be achieved by repeated distillation technique under a
dynamic vacuum of ~5-107 Torr, using a research setup made of quartz tube. The analysis of the impurity
of purified tellurium made inductively by double plasma optical emission spectrometry (ICP-OES)
confirmed the reduction of the total impurity content from 87 to 4 ppm for three consecutive distillations
in a single experimental process. The main impurities in tellurium, such as Al, Ag, Pb, Cu, Bi, Ni, Fe, Mn
and Mg, are effectively removed after purification. Analytical results are discussed with regard to vapor
pressures (pv) of impurities. The evaporation level (We) and the permeability line (1) are calculated under
experimental vacuum conditions, distillation temperature (T) and system measurements. But the economic
value using high-tech devices is higher than the cost price of tellurium, and does not provide for the
industrial introduction of technology.

In the process of mine melting, tellurium practically completely passes into the verteble. 600 kg of
tellurium is lost with the waste slag, the average tellurium content in the slag is 0.0003%, i.e. make up -
5% of the loaded with raw materials. The distribution of selenium is somewhat worse, losses with slags
reach 2 tons, more than 55 percent of the total amount, the selenium content in BPC slags averages
0.001 percent. This situation is natural from a comparison of the propertics of sulfur, selenium and
tellurium. Sulfur, contained in the agglomerate by 70-80%, passes into the dump slag (the sulfur content in
the slag is 2-2.3%), selenium, as an element more "metallic" than sulfur, goes about half to the slag, the
rest to the vertices, and tellurium is the most "metallic” of the elements of Group 6 passes almost entirely
into crude lead.

Rough lead is fed to continuous de-laying, part of the slurries that the reflecting furnace could not
pass, enter the smelting furnace in a small smelting furnace. In the matte of the reflector furnace, the
tellurium content is 0.023%; within a year, 1,200 kg of tellurium and 575 kg of selenium are sent with the
product of the matte of the reflecting furnace (the content of the mud in matte is 0.011%), which is about
10% of tellurium, with raw materials and 15% selenium. With the commodity matte of a small smelting
furnace, 0.9 t of tellurium (its content is 0.015%) is sent for the year, which is 7% of the raw material and
0.3 t of selenium - 8% of the raw material.

Therefore, under the normal conduct of the process of continuous de-identification, i.e. with an
optimal amount of sulfur, arsenic dissolves in the matte in the form of CusAs, Fe,As, in the absence of
sulfur, spieses may appear, in this case arsenic practically completely disappears from the ground lead and
significant losses of antimony begin.

When loading the sulphidizer - PbS, the matte is washed out and there is practically no loss of
antimony with matte, the content of antimony in matte does not exceed 0.1%, while the arsenic content is
2-3%.

In Cu,S, 14% of metallic lead dissolves at T = 1100 °C; in matte containing 20-22% lead, the
sulphide content accounts for 6-8%, which dissolves PbSe and PbTe, the content of Te in matte depends
on some degree of lead content in matte.

The arsenic content in the lead was at a level of 0.02-0.004%; 94-90% of arsenic was converted into
matte and 6-10% into lead-depleted lead, and tellurium by 75-80% passed into de-ground lead.
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In the process of fine-tuning matte in a small reflecting furnace, the content of tellurium, as well as
silver, is somewhat lower [16].

Thus, 75-80% of tellurium passes into de-leaded lead and a high extraction of tellurium through the
plant is possible only with a high degree of obscuration of the ground lead.

In factory conditions, 3 tons of tellurium is dispatched for a year with sodium antimonate, 0.57 tons
of tellurium is sent to the storage facility with calcium arsenate, and 0.8 tons is extracted into the gray
foam. Thus, in lead after distellellurization there are 4.37 tons of tellurium. During the same time, 102.8 tons
of alkaline telluric melts with a content of 8.67% of the body are obtained, i.c. 8.9 t of tellurium were
recovered. The degree of distellellurization is an average of 67% per vear.

Therefore, the goal of this project is the development of an integrated technology for producing
tellurium of high purity of TV-4 brand from tellurium concentrate.

The conducted studies of obtaining tellurium dioxide from alkali melts of lead production were
successfully crowned, as evidenced by the results obtained and samples of products of laboratory and
experimental-industrial tests, which were presented in other works of the authors of this article.

Therefore, in this paper we present the results of studies on the subsequent processing of crude
tellurium dioxide to produce pure tellurium dioxide and the subsequent refining of pure tellurium dioxide
to produce metallic high purity tellurium.

Purification of tellurium dioxide from impurities of lead, copper and other heavy metals, including
the reaction of the initial tellurium dioxide with a solution of sodium hydroxide and two-stage treatment of
the resulting solution of sodium tellurite with mineral acid, separating the precipitate of the impurity
metals after the first stage of treatment and precipitating the tellurium dioxide after the second stage,
solution sodium tellurite before separating the precipitate of impurity metals, according to theoretical
assumptions, is treated with iron (III) chloride. This makes it possible to obtain tellurium dioxide with lead
content (1-2)-107 and copper 1-107 %. At the same time, the content of impurities of other heavy metals,
for example, such as silver, gold, bismuth, selenium, mercury, nickel is not more than 1-107 %.

The depth of purification of tellurium dioxide from the admixtures of lead and copper is much higher
in comparison with the available methods. In addition, replacing the energy-intensive and prolonged
(usually several hours) operation of cooling the solution to 0 °C with a simpler solution processing ope-
ration performed by adding a small amount of cheap and affordable iron (III) ferment for a few minutes
greatly simplifies and accelerates process as well.
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TEJUTYPAEIH TA3A KOCTOTEIFBIH PAOUHAIASATIAYFA JAMBIHIAY MAKCATEIHAA
TEJLIYPJbIH KOCIIAJIBI KOCTOTBIFBIH I'HAPOMETAJLTYPTUSJIBIK OAICIEH
KAITA OHJIEY

Annoranusa. Makanaga >KOFapFel Ta3aIBIKTAFBl MCTAIBl TCILTYPABI ajIyabl HETi3i OOJNATHIH TCILTYyPABIH Ta3a
KOCTOTBIFBIH pa(HHALMAIAYFA JAHBIHIAY MAKCATBIHAA TEJLTYPABIH KOCHATBI KOCTOTBIFBIH THAPOMETAJLIY PIHAIBIK
QICTICH KaliTa 6HACY >KOIIAPHI KAPACTHIPBLIFAH. 3CPTTCYICP HOTIKCCIHAC KEIICCiAC TYKBIPBIMAAP JKacayFa OOTaIbl;
Ka3ipri Ke3A¢ KOJIAHBLIBIN JKATKAH ONICTEPMCH CAJBICTBIPFAHIAA TA3ajbIFbl QNICKAHAA IKOFAphl KYPaMBIHIA
KOPFACHIHHBIH YKOHEC MBICTHIH KOCTIACBIHAH TA3aPTBUIFAH TEJUTYP KOCTOTHIFBIH any Oonaxbl. CoHmaii-ak, SHCPTHAHBI
KOTI JKYMCAHTBIH JKOHS Y3aK VAKBITKA (9ACTTC OipHEIIC CAFaT) CPITIHAIHI CATKBIHAATY OTCPALMACEIHA KapaFraHaa Oip-
HEIe MUHYTTA OPBIHAANATHIH ap3aH opi Ko xeTimMal Temip (III)xmopuainiy a3 MeImEpiH KOCY apKbLIbI KapanmanbM
OHZICY OTCPALMACHIHA AIMACTBIPY AHTAPIBIKTAM >KCHITACTEAL JKOHE JKEICTICTE I, OTICPALMHBIH, JKY3€Te aChIpy AbIH
KYHbIH TOMCHICTEI].

Tyiiin ce3aep: TeaIyp, Kocna, pahuHaNmAIAY, YaHARK maimanay, Temip (111) xmopuni.
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THAPOMETAJLTYPTHUECKHAA CIIOCOB IEPEPABOTKH YEPHOBOM JIBYOKHCH TEJLTYPA
AJTA MOJYYEHUA YACTOH ABYOKHUCH TEJLIYPA C HEJABIO NOATI'OTOBKH
YUCTOU ABYOKHCH TEJLTYPA PAOUHUPOBAHHUIO

Annotanmusa. B crarbe mpeacTaBicHBI Pe3yIbTATHI MCCICAOBAHWI MO TOCICAYIOMCH 00pPadOTKE UCPHOBOH
JBYOKHCH TEJUIypa C NOJyYCHHEM YHCTOH IBYOKHCH TEIIypa M TOCIEAYIOmAs paduHAIMs IUCTOH IBYOKHCH
TEJUTypa M1 TOJYHYCHHS TEJLTypa METAILTMYECKOTO BBHICOKOHW YMCTOTHL. Ha OCHOBE NMPOBEIACHHBIX HCCICIOBAHHH
MOJKHO 3aKJIFOYUTH CIACAYIOIICS. TAyOMHA OMHUCTKH ABYOKHCH TCILIYpa OT MPHUMECCH CBHHIA M MCIH 3HAYUTCIHHO
BBIIIC TI0 CPABHCHHIO ¢ MMCIOIMMHCS crioco0amu. Kpome ToTo, 3aMCHA SHCPTOCMKOH H JTHTCIFHOH (KaK MPABHIIO,
HCCKOJIPKO HAacOB) Omepanmu OXJIakaAcHHA pacteopa a0 0 °C Oosee mpocToii omepamuci oOpabOTKH PacTBOpa,
BBITOJTHACMOM myTEM Z[O621BJ'I€HI/I}I B TCUCHHUC HCCKOJIBKUX MUHYT HeOOJIBIIOT0 KOJIHYECTBA ACTICBOTO U JOCTYITHOTO
pearenTa — xmopuaa sxenesa (1) 3HaumMTenbHO YIPOIIACT W YCKOPSET MPOLECC, a TAKKE CHIYKACT 3aTPaThl HA €T
OCYIIECCTBJICHHE.

Kmouerbie ¢j1oBa: TCIyp, MpUMECH, paQHHAPOBAHKS, YAHOBOC pacTBOpeHHE, Xaopux skexesa (111).
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