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Abstract. This article presents the results of research on the sintering of molybdenite concentrate
with magnesium-containing natural additives — brucite (Mg(OH),) and magnesite (MgCOs).
Physical and chemical properties of initial materials were studied. The thermodynamic
assessment of the interaction of molybdenum with hydroxide and magnesium carbonate in an
oxidizing medium is given. The process of thermochemical decomposition of molybdenum was
optimized with usage of cheap magnesium-containing minerals to form molybdate and
magnesium sulfate. The developed method makes it possible to reduce the cost of
thermochemistry, to minimize the release of sulfur dioxide due to its rapid binding to magnesium
sulfate.

1. Introduction

The raw material for the production of ferromolybdenum and chemical compounds based on
molybdenum of different purity are molybdenum concentrates obtained by flotation. Regardless of the
product type, the processing of molybdenum concentrate begins with oxidative roasting, as a result of
which a calcine is obtained, which are consisted of molybdenum oxide (VI) contaminated with
impurities. To obtain pure molybdenum oxide (VI), either the sublimation method or hydrometallurgical
(chemical) processing of calcine is used [1]. The disadvantages of the oxidative roasting process are the
release of sulfur dioxide, the formation of low-valent molybdenum oxide and difficulties with
temperature control.

In addition to roasting, there are various methods for processing molybdenum concentrates:
low-temperature chlorination; sintering with lime, with sulfate, sulfide and sodium chloride; with
calcium-containing additives, followed by leaching [2-6]. Molybdenum concentrates can be
decomposed by pure hydrometallurgical methods, excluding the preliminary oxidizing roasting. These
include: decomposition of nitric acid, oxidation of molybdenum with oxygen under pressure in an
alkaline solution, treatment of the concentrate with an alkaline solution of sodium hypochlorite, bacterial
leaching, electro-oxidative leaching [7-10]. The extraction degree of molybdenum by these methods is
high, but they all have a number of disadvantages, such as high power consumption, chemically pure
reagents and complex equipment.
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The purpose of this study is to improve the efficiency of thermochemical decomposition of
molybdenum concentrates by using magnesite (MgCOs) or brucite (Mg(OH),) as a raw material
additive. Their application will reduce the cost of the sintering process and will lead to effective
interaction of decomposition products to form soluble compounds.

2. Models and Methods

The molybdenum concentrate used in the research (wt. %: 47.20 Mo; 35.18 S) was obtained by selective
flotation of copper-molybdenum ores from the Erdenenetein-Ovoo deposit (Mongolia),
X-ray phase analysis of the concentrate showed that molybdenite is the main phase (Figure 1). Brucite
of the Kuldurskoye deposit (Jewish Autonomous Region) and magnesite of the Savinskoye deposit
(Irkutsk region) were used as additives.
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Figure 1. X-ray phase analysis of molybdenite concentrate.

Thermal analysis of magnesite and brucite was performed by thermogravimetry and differential
scanning calorimetry using synchronous thermal analyzer STA 449 F1 Jupiter (NETZSCH, Germany).
This thermal analysis allows to identify and investigate the phase transformations occurring in the
samples during heating or cooling by thermal effects and mass loss [11].

Decomposition of initial materials and reaction products of oxidative roasting of molybdenum
concentrate was carried out using the microwave decomposition system of MARS 6 samples
(CEM, USA). Chemical analysis of initial materials and reaction products of oxidative roasting of
molybdenum concentrate was determined by atomic absorption spectrometry on the Solaar M6
spectrometer (Thermo Electron, USA) and photocolorimetric method on the PE-5300B
spectrophotometer (ECOCHEM, Russia). Analysis of the sulfur volatilization was carried out by
weighing the solid residue. Experimental studies of the process of roasting molybdenum concentrate
with magnesite and brucite were carried out in the laboratory muffle furnace SNOL 16251/9-14.

3. Results and Discussions

In technological studies, during the sintering of molybdenum concentrate, magnesite (MgO 46.6 %) of
the Savinsky Deposit and brucite (MgO 61.4 %) of the Kuldur Deposit (Figure 2) were used as raw
materials additives.
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Figure 2. X-ray phase analysis magnesite and brucite.

According to the results of the thermal analysis of magnesite and brucite natural compounds, it was
revealed that the decomposition of magnesite occurs in the temperature range of 540-640 °C.
Endo-effect, which is shown on the thermogram, corresponds to the decomposition of magnesium
carbonate with the formation of magnesium oxide (Figure 3). According to the thermogram, the process
of decomposition of brucite with the formation of magnesium oxide occurs in the temperature range
325-450 °C, and the second endothermic maximum in the temperature range 550-750 °C corresponds
to the decomposition of a small amount of impurity dolomite (Figure 4). The obtained thermograms of
magnesite and brucite are consistent with the literature data [11].
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Figure 3. Thermogram of Figure 4. Thermogram of
decomposition magnesite. decomposition brucite.

The possibility of the molybdates formation by heating a number of oxides and carbonates with
molybdenum oxide (VI) was established by Tamman and others, according to the heating thermograms
of their mixtures. Magnesium oxides and carbonates actively react with molybdenum (VI) oxide,
forming magnesium molybdates. The high chemical activity of molybdenum oxide (VI) in the reactions
under consideration is explained by two circumstances:

e the low temperature of the beginning of sintering of MoOs (550-600 °C), in which the atoms
acquire sufficient mobility to exchange places;

o relatively high vapor elasticity at temperatures above 500 °C, causing the possibility of
reactions involving the gas phase [1].

It is known that in the temperature range of 400-600 °C, molybdenite interacts with atmospheric
oxygen to form MoOj; and to release sulfur dioxide SO,. Hydroxide and magnesium carbonate react
with molybdenum oxide (VI) takes place at temperatures of 500-700 °C to form magnesium molybdate.
Both reactions are endothermic, due to the endothermic effect of the dissociation of carbonate and
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magnesium hydroxide. Thus, magnesite and brucite can be used as additives during thermochemical
decomposition of molybdenum concentrate.

3.1. Thermodynamic analysis of the reactions of the interaction

of molybdenite with magnesite and brucite in an oxidative medium

The probability of any chemical reaction is determined by the change of Isobaric-isothermal potential
(Gibbs energy). Thermodynamic assessment of the reaction probability was carried out according to the
method of Temkin and Schwartzman, according to which the isobaric-isothermal potential is determined
by the formula (1).

AG) /T =AHy, | T—ASy —(MyAa+ M,Ab+ M,Ac) (1)
Values of M0, M1, M2 for different temperatures are calculated by Temkin and Schwarzman. Values
ASZO98 , AH2098 ,Aa ,Ab,Ac are given in the literature [12].

Table 1. The results of calculating the values of the
Gibbs free energy for reactions depending on the temperature.

AGg, kJ / mol

Possible reactions

673 773 873 973 1073 1173

1 MoS; + 3MgCO3 +4,50, —

MgMoO4 + 2MgSO4 + 3CO, -1403.6 -1379.80 -1355.9 -1332.1 -1308.2 -1259.8
2 MoS;+ 3 Mg(OH),+ 4.50, — ) ; ) ) : )

MgMoO4 + 2MgSOs+ 3H,0 1395.7 1365.40 1334.5 1302.8 1270.2 1236.5
3 MoS;+ 3.50;, — MoOs+ 250, -884.9 -864.80 -844.8 -824.8 -804.9 -785.1
4 MgCO; — MgO + CO, 1.13 -16.01 -32.9 -49.7 -66.1 -82.3
5 Mg(OH); — MgO + H,0 206 3510 -49.2 -62.8 75.8 -88.3
6 MgO + MoO3; — MgMoO, -62.7 -64.60 -66.9 -69.4 -72.2 -75.4
7 2MgO +2S0;+ Oy — 2MgS04 -460.8 -404.80 -349.3 -294 .4 -240.1 -186.1

The negative values of the Gibbs free energy change, which were obtained in the calculations in the
investigated temperature range, confirm the possibility of reactions with the formation of molybdenum
and magnesium sulfate in the studied systems.

3.2. Experimental part

The study of the sintering process of molybdenite concentrate using magnesite and brucite as additives
were performed under laboratory conditions. The molybdenum concentrate was mixed with magnesite
or brucite, then the charge of the batch was placed in an electric muffle furnace.

The optimal conditions for the thermochemical decomposition of molybdenite concentrate with each
of the mineral additives, in which molybdenum transforms into soluble forms, are established.
If molybdenum is sintered with magnesite, the temperature should be 600 °C and the roasting
time - 60 minutes, consumption of magnesite 110 % of the stoichiometrically required quantity for
binding to molybdenum oxide (VI) and sulfur (IV). If molybdenum concentrate is sintered with brucite,
the temperature should be 600 °C, duration 60 minutes, consumption of brucite 105% of the
stoichiometric amount required. The resulting calcines were subjected to x-ray phase
and chemical analyses.
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Figure 5. XRD patterns of molybdenum concentrate after roasting
with magnesite 1 — MgMoQOs, 2 — MoOs3, 3 — MgSO,,

As can be seen from X-ray patterns (Figure 5) as a result of sintering with magnesite and brucite, the
final products are molybdate, magnesium sulfate and molybdenum oxide (VI). According to chemical
analysis during roasting with brucite, sulfur losses in the form of sulfur dioxide about 0.8% and
molybdenum losses with exhaust gases less than 0.5%, that is less in comparison with sulfur losses -
1.4%, molybdenum is less than 1% using magnesite. Thus, the lower temperature range of
decomposition of brucite (325-450 °C) and the high content of pure MgO in comparison with magnesite
provided the most effective interaction of decomposition products with minimal loss of molybdenum
and sulfur oxides in the gas phase. In addition, carbon dioxide is not released into the atmosphere during
application of brucite.

4. Conclusion

Thermodynamic analysis of the interaction of molybdenite with carbonate and magnesium hydroxide in
an oxidizing medium showed the possibility of using brucite and magnesite as raw material additives in
the thermochemical decomposition of molybdenite with the formation of magnesium molybdate
(MgMoO4). Experiments have shown that the use of natural magnesium-containing additives
significantly reduces the emission of sulfur dioxide into the atmosphere. Based on the results of the
work, it was found that the use of brucite as an additive for the decomposition of resistant mineral
molybdenite is more preferable due to the lower consumption of the additive and lower losses of sulfur
(1.4 %) and molybdenum (less than 1%) with the gas phase.

References

[1]  Zelikman A N and Meerson G A 1973 Metallurgy of rare metals (Moscow: Metallurgy) p 608

[2] Kharin E I, Khalezov B D and Zelenin E A 2015 Development of environmentally clean
complex technology for processing molybdenum concentrate from the South Shameisky
deposit Izvestiya Vuzov. Mountain Journal 5 129-34

[3] Singh S, Chetty M K, Jineja J M, Sehra J S and Gupta C K 1988 Studies on the processing of
low grade molybdenite concentrate by lime roasting Minerals Engineering 4 337-42

[4] Aleksandrov P V, Medvedev A S, Milavanov M F, Imideev V A, Kotova S A and
Moskvitin D O 2017 Molybdenum recovery from molybdenite concentrates by low-
temperature roasting with sodium chloride /nt. J. of Mineral Processing 161 13-20

[5] Kar B B, Murthy B V R and Misra V N 2005 Extraction molybdenum from spent catalyst by
salt-roasting Int. J. of Mineral Processing 76 143-7

[6] Khomoksonova D P, Alekseeva E N, Budaeva A D and Antropova I G 2018 Comparative
analysis of roasting molybdenum concentrate with dolomite and magnesite
Modern high technologies 11 237-42



Problems of Sustainable Regional Development 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 320 (2019) 012033  doi:10.1088/1755-1315/320/1/012033

[7] Weiping Liu, Hui Xu, Xiyun Yang and Xichang Shi 2011 Extraction of molybdenum from low-
grade Ni-Mo ore in sodium hypochlorite solution under mechanical activation
Minerals Engineering 24 (14) 1580-5

[8] Norris P R, Burton N P and Clark D A 2013 Mineral sulfide concentrate leaching in high
temperature bioreactors Minerals Engineering 48 10-9

[9] Hadi Abdollahi, Mohammad Noaparast, Sied Ziaedin Shafaei, Ata Akcil, Sandeep Panda,
Mohammad Hazrati Kashi and Pouya Karimi 2019 Prediction and optimization studies for
bioleaching of molybdenite concentrate using artificial neural networks and genetic
algorithm Minerals Engineering 130 24-35

[10] Du-chao Zhang, Tian-zu Yang, Wei-feng Liu and Jiang-hua Wu 2012 Pressure leaching of
bismuth sulfide concentrate containing molybdenum and tungsten in alkaline solution J. of
Central South University 19 (12) 3390-5

[11] Habas T A, Kulinovich E A and Egorova E Yu 2007 Thermogravimetric method for the
analysis of silicate materials (Tomsk: TPU) p 20

[12] Binnewies M and Milke E 2002 Thermochemical Data of Elements and Compounds
(Weinheim: Wiley-VCH) p 928




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


