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of the abstract of the dissertation work of Rahimzoda Khaet Shifokulovich on the
topic: "Development of an effective technology for the production of antimony from
antimony-sulfide concentrates”, submitted for defense for the degree of candidate of
technical sciences in the specialty 05.17.00 - Chemical technology (05.17.01 -
Technology of inorganic substances).
Given the abundance of reserves of metallic antimony in the territory of the Republic
of Tajikistan, their extraction, processing, and practical use are of great importance
for developing the economy of the Republic. More than 100 antimony minerals are
found in nature. However, from the point of view of industrial production, antimonite
ore is of primary interest, as it is processed into metallic antimony and antimony
oxide (Sh203). About 20% of the world's antimony production comes from
secondary raw materials, mainly from spent lead-acid car batteries and, to a lesser
extent, from the enrichment of antimony-containing waste from producing copper,
lead, and gold. According to the US Geological Survey for 2022, Tajikistan ranks
third in the world in antimony production. Of the total volume of 110 thousand tons,
Tajikistan accounts for 13 thousand tons. World antimony reserves vary between 1.87
and 5.33 million tons; at the moment, Tajikistan occupies a leading position in the
world and the Asian region.
The development of an effective technology for processing antimony concentrates of
minerals, meeting the needs of the Republic for non-ferrous metals and their import
substitution, is of increased interest, especially when the necessary reagent for
antimony processing is sodium chloride, there is a large reserve in Tajikistan. This
work studied the effects of sodium chloride and calcium chloride on antimony
concentrate sulfide compounds for the first time. Optimum points of physicochemical
parameters influencing the chlorination roasting process were established.
Physicochemical patterns were revealed.
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The advantage of the technology proposed by the author in mining technology is has
many advantages.

The task of roasting is to isolate antimony from the roasted raw material in the form
of volatile trioxide, which is captured from furnace gases, with subsequent metal
production during the reducing smelting of sublimates. The resulting cinders are a
waste product; therefore, during roasting, it is necessary to ensure the most complete
possible extraction of antimony from the raw material into sublimates.

As a disadvantage of traditional technology, it is possible to indicate:

- high temperature of the prototype process over 900 OC; sometimes the process
temperature is raised to 1100-1200° C depending on the size of the feedstock; at such
temperatures, conditions are created for sintering the batch, which significantly
complicates the process, since crusts are formed in tubular furnaces, and sinters in
fluidized bed furnaces;

- Antimony is released from the fired raw material in the form of volatile trioxide,
which is captured from the furnace gases based on the subsequent production of
metal during the reduction smelting of sublimates. It is impossible to extract
antimony oxides from cinders; cinders are a waste product; therefore, during firing, it
IS necessary to ensure the complete possible extraction of antimony from the raw
material into sublimates. The sublimates are then melted in a reduction smelting with
the addition of carbon at high temperatures and the release of carbon dioxide.

- the process is multi-stage, energy-intensive, and labor-intensive.

The dissertation aims to develop a more rational and optimal method for extracting
antimony. The essence of the work is that the following acceptable results are
achieved during low-temperature chlorination in the presence of sodium chloride:

- achieving a low temperature of the roasting process up to 450-500 CO;

- antimony gets rid of the sulfur compound completely, leaves the sulfide form
Sb2S3, and passes into the chloride (water-soluble) and oxide form;

- high extraction of the main product in the form of the desired compound is
achieved, which is quickly processed during the further production process of
electrolysis;

- minimization of environmental damage;
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The reliability of scientific research data and conclusions is beyond doubt; the receipt
and processing of data are based on analytical chemistry methods and are confirmed
by the convergence of the results of theoretical and experimental studies.

Conclusion
The dissertation work of Rahimzoda Kh.Sh. on the topic: "Development of an
effective technology for the production of antimony from antimony-sulfide
concentrates™ is a completed research work.
The presence of rich natural resources and multi-element mineral deposits, a
relatively inexpensive and accessible source of electricity, are a reliable basis for
developing our country's metallurgical industry.
In the context of the Republic of Tajikistan, research in the field of antimony
metallurgy is of particular importance for successfully implementing our country's
strategic goal of industrialization - the transition from an agrarian state to an
industrial-agrarian one.

The author of the dissertation, Rahimzoda Khaet Shifokulovich, deserves to be
awarded the sought-after degree of candidate of technical sciences in the specialty
05.17.00 — Chemical technology (05.17.01 — Technology of inorganic substances).

Dr. Eng. Svetlana B. Zueva
Research scientists

Department of Industrial Engineering,

Information and Economy, University of L’ Aquila.
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IlepeBona Ha pyCCKUM A3BIK

B nuccepraumonnslii coBetr 6D.KOA-042 npu
HNucturyra xumuu uM. B.U.Hukutuna HAHT un
ArenrcrBa no XbPSI 6esonacanoctu HAHT
JI’ Akyuna, 12 Hos6ps1, 2024 rona
OT13bIB
Ha aBTopedepar auccepranoHHon pabothl Paxumiona Xaér [udoxynoBuya Ha
Temy: «Pa3paborka 3(p(PeKTHBHOM TEXHOJOIMM TMPOU3BOJACTBA CYPbMbI M3
CYPbMSAHO-CYJb(QUIHBIX KOHIEHTPATOBY», IMPEACTABICHHYIO K 3allUTe Ha
COMCKaHuEe YYEHOW CTENeHW KaHAMAATa TEXHUYECKUX HAayK M0 CHEeLHabHOCTU
05.17.00 — Xwumunueckas texHosorus (05.17.01 — TexHOJOruss HEOPraHUYECKHUX
BEILIECTR).

VYuursiBas o0oOMIME 3amMacoB METAJUIMYECKOM CypbMbl Ha TEPPUTOPUH
PecnyOonukn  TamkukucraH, uX 100bya, mnepepaboTtka U ddQexkTuBHOE
UCIIOJIb30BaHUE MMEET OO0JIbIIOE 3HAUCHHUE JUIsl pa3BUTHS YKOHOMHMKHU pecnyosuku. B
npupojsie BcTtpedaercss 6onee 100 munepanoB cypbmbl. OJHAKO C TOYKU 3pPEHUS
MPOMBIIIJIEHHON JTOOBIYM OCHOBHOHM WMHTEpecC MpeJCTaBiIseT aHTHUMOHUTOBAas pyja,
KOTOpas mepepadaThiBacTCs B METAUIMYCCKYIO CypbMy M OKcu cypbMbl (Sb203). B
HacTosiee Bpemst okojo 20% MHUpPOBOro MPOU3BOJACTBA CYPbMBI IOCTYIMAET U3
BTOPUYHOTO ChIpbS, B OCHOBHOM M3 OTpPAa0OTaHHBIX CBUHIOBO-KUCIOTHBIX
aBTOMOOMJIBHBIX aKKyMYJIAITOPOB M, B MEHbILIEH CTENEHH, U3 00OTalleHHs] OTXO/0B,
collepKallluX CypbMy, OT MpPOM3BOJACTBA MW, CBHMHIIA M 30i0Ta. [lo maHHBIM
I'eonornyeckoii cinyx6s1 CIIA 3a 2022 roa, TaJkKMKUCTaH 3aHUMAET TPEThE MECTO B
Mupe 1o J00blde cypbMbl. M3 oOmero odobema B 110 Thic. TOHH Ha JOJIO
Tamxukuctana npuxoautcst 13 Teic. ToHH. MupoBbIe 3amacbl CypbMbl pa3HSTCS B
npeaenax ot 1,87 no 5,33 MiH. TOHH Ha JAHHBIM MOMEHT TaJKUKUCTAH 3aHUMAECT

JUIUPYIOIIHC MMO3UIIUN B MUPE U AzuaTckoMm PEruoHe.
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Pa3paboTka 3¢ HeKTUBHON TEXHOIOTUU NEPEPA0OTKU CYPbMSIHBIX KOHIEHTPATOB
MOJIE3HBIX HMCKONAeMbIX, oOOecreyeHuss MOTPeOHOCTEN pecnyOJIMKM B IIBETHBIX
MeTalax UX MUMIOPTO3aMELIEHUs UMEET MOBBIIIEHHBI MHTEpeC, OCOOEHHO KOrna
pyu nepepadoTKe CypbMbl HEOOXOAUMBIN peareHT HaTpUil XJIOp, UMeeTCsl OOJbLION
3anac B TaJoKUKHUCTaHe.

B pabore B mepBble W3yuyeHbl BIMSHUS HATPUl XJIOp M KalbIUi XJIOp C
CyAb(OHUIHBIMU COEMHEHUSIMU CYpbMbl KOHIIEHTpATa. YCTaHOBJICHbI ONTHUMAalbHbIE
TOYKU (PU3UKO-XUMHUYECKUX MMAPAMETPOB, BIHUAIOIIMX Ha MPOLECC XJIOPUPYIOLIETO
oOxwura. BeisBiens! (U3MKO-XUMHYECKHE 3aKOHOMEPHOCTH.

[IpermyiecTBO MpEeIOKEHHON aBTOPOM TEXHOJOTHMU B TEXHOJOTUHU JOOBIYU
OYEeHb XOpolllee, Uil NpUuMepa NPUBEAY HEKOTOPbIE TPEUMYIIECTBA.

3amava 00KHra - BbIJEICHHE CYpbMbl U3 O0KUTa€MOTO ChIpbsl B BUJE JETy4del
TPEXOKCHJIAa C YJaBIMBAHUEM €€ U3 MEYHBIX I'a30B, MPU MOCIEAYIOIIEM MMOJy4YEHUEM
MeTajla Ipu BOCCTAHOBUTENILHOM MJIaBKE BO3rOHOB. [lomydaemble orapku sBISIIOTCS
OTBAJIBHBIM MPOJYKTOM, MO3TOMY MpH OOKUIe HEOOXOAUMO 00ECeYUTh BO3MOXKHO
0oJiee OJTHOE U3BJICYEHHUE CYPbMbI U3 ChIPbSl B BO3TOHBI.

B kaudecTBe HemocTaTKa TpaJAUIIMOHHON TEXHOJOTHS MOXHO YKa3aTh:

- BBICOKAs Temmeparypa npouecca mnpororuna Oonee 900 °C; wunorma
TeMIlepaTypy Npolecca B 3aBUCUMOCTH OT KPYITHOCTH UCXOJHOTO ChIPbs MOJHUMAIOT
no 1100-1200° C nmpu Takux TemmepaTypax CO3AAIOTCA YCIOBUS I CIIEKAHUS
IIMXThI, YTO 3HAYUTEIBHO OCJIOKHSET MPOBEJIEHUE IMpollecca, TaK KaK B TPyOUyaThIX
neyax o0pa3yroTcsi HACTBUIM, a B MeYax KUIISIIETO CJIOsS CIIEKH;

- CypbMa BBIIEISAETCA U3 O0KUTaeMOro ChIpbsi B BHJE JIETYYErO TPEXOKCHAA C
yJIaBJIMBaHUEM €€ U3 MEYHBIX ra30B U3 pacyeTa MOCIEAYIOUIEro MoayuyeHus MeTaia
P BOCCTAHOBUTEIBHON TIUIaBKE BO3rOHOB. M3 oOrapkoB HEBO3MOXXHO W3BJIEUb
OKCHUJbl CYpbMbl, OTrapoK SBJISIOTCS OTBAJIbHBIM IPOIYKTOM, MO3TOMY HpPH OO0XKHUIre

HE00X0IMMO 00ECIeYUTh BO3MOXKHO 00JIee TOJTHOE U3BJICUECHUE CYPbMbl U3 CHIPbS B
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BO3TOHBI. BO3TOHBI 3aTeM IIaBAT B BOCCTAHOBUTEIBHOW IUIaBKE C J00aBIICHUEM
yraepoia K BBICOKUX TEMIIEpaTypax M BBIICICHUEM YIIICKHUCIIOTO ra3a.

- TIPOIIECC SIBISICTCSI MHOTOCTAIMHBIM, YHEPTOEMKUM, TPYA03aTPATHBIM.

[lenbro auccepranvoHHas pabora siBisieTcs: pa3padoTka 0osee parruoHaIbHOTO U
ONITUMAJIBHOTO CITOCO0a U3BJICUEHUE CYPHMBI.

CymHOCTh paboTa 3aKIOYaeTcss B TOM, 4YTO MPH HU3KOTEMIIEPATYPHOM
XJIOPUPOBAHUHU B TIPUCYTCTBUH HATPUN XJIOP JOCTUTAIOTCS CIICTYIONTUE TTPHEMIICMbIC
pe3yabTaThl:

- IOCTHKEHME HU3KOM TeMIepaTyphl npolecca ob:xura a0 450-500 C°;

- cyppMa u30aBIeTCS OT CYIb(YPHOTO COCIWHEHHUS IMOJTHOCTHIO BBIXOIUT W3
cyiabbuaHon QGopmbl  SDpS; TEpexXoaUT B XJOPHIHYIO (BOAOPACTBOPUMYIO) U
OKCUJIHYIO popMYy;

- JIOCTUTACTCS] BBICOKOE HW3BJICUCHHWE OCHOBHOTO MPOAYKTa B BHUJEC HYKHOTO
COCIMHCHHS,  KOTOpbIE  JIETKO  TepepadaThiBacTCs  NpU  JOJbHCUIUM
MIPOU3BOCTBEHOM POIECCE IIEKTPOIH3E;

- MUHUMU3AIUU SKOJIOTMYECKOTO yIiepoa;

JIOCTOBEpHOCTh HAYyYHBIX JIAHHBIX HCCIEIOBAHUN M BBIBOJIOB HE BBI3BIBACT
COMHCHHH, TOJydYeHHs © o00paboTka JaHHBIX OCHOBBIBAIOTCS Ha METOAaX
AQHATMTHYECKOW  XWMHUM W TIOATBEPKITAIOTCS  CXOJUMOCTBIO  PE3yJIbTaTOB

TCOPETUUCCKUX N SKCIICPUMCHTAJIbHBIX PICCJ'IGI[OB&HHIZ.

3axnwuenue
Huccepraunonnas pabora Paxumszona X.III. wHa Temy: «Pa3paborka
3¢ PeKTUBHON TEXHOJOIrMH NMPOU3BOACTBA CYpPbMbI M3 CYPbLMSAHO-CYJIb(PUIHBIX
KOHIEHTPATOB» SIBJICTCS 3aKOHYEHHON HAy4YHO-UCCIIEI0BATEIBCKON paboTOM.
Hanuune 6oraTblx NPUPOAHBIX PECYPCOB U MHOTO3JIEMEHTHBIX MECTOPOKICHUIM

IIOJIC3HBIX HMCKOIIA€CMBbIX, OTHOCUTCIIBHO HCI[OpOFOfI N  JOCTYIIHOIO HCTOYHHUKA
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3J'I€KTp03HepFI/II/I ABIIAIOTCS HAJEKHOU OCHOBOM Uil Pa3BUTHUS METALTYPIUYECKOU
IIPOMBIILJIEHHOCTH HALIEro roCcy1apCTBa.

B ycnoBusax Pecnybnuku TamxukucTan ucciaegoBaHUs B 00JIaCTU CYpbMSIHOM
METaUlyprud HMEIT 0c000€ 3HauyeHHe [Jis YCHEIIHOIOo  OCYIIECTBIEHUS
CTpPaTErnYeCKOM LIEJIM UHAYCTPUAIN3ALUY Halllel CTPaHbl — MEPEX0Aa OT arpapHoOro
roCyJ1apcTBa K MHIYCTPUAIBLHO-aIrPapHOMY.

ABTOp nucceptaniioHHoW pabotel Paxumzonma Xaér IlludokynoBuua -
3aCIIy’)KMBAET IPUCYKICHUSA MCKOMOM CTENEHU KaHAuAaTa TEXHUYECKUX HAYyK II0
cnenuanbHoct 05.17.00 — Xwumwnueckas texuosorus (05.17.01 — Texuonorus

HEOPTraHUYECKUX BEILIECTR).

K.T.H., qouieHT

3yeBa CBeTiiaHa

@akyJIbTET MPOMBILITICHHOW UHXECHEPUH,
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ITnomane Epuecto Ilouthepu 1, MonTenyko-au-Poito,
67100 JI'Akyuna
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