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Obtaining selenium concentrate from the slime of the sulfuric acid workshop
of the Balkhash copper plant and extracting selenium from it into solution
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ABSTRACT

The article presents the results of large-scale laboratory tests of obtaining selenium concentrate from
the slime of the sulfuric acid workshop (hereinafter: slime) of the Balkhash copper smelting plant and
the extraction of selenium from it into solution. This slime, in contrast to similar slime from non-
ferrous metallurgy plants, significantly differs in chemical and material compositions, especially in the
selenium content (4.6 - 12.5 wt.%). Involving it in the production sphere will increase the production

Received: 05 August 2020 of selenium by more than 20% from that obtained by the plant from copper electrolyte slime. The
Peer-reviewed: 26 August 2020 slime is washed with water to remove sulfuric acid, dried at 105 ° C. Selenium concentrate was
Accepted: 13 October 2020 obtained by sequential leaching of slime with solutions of sodium carbonate and nitric acid, selenium

from the concentrate was leached with solutions of sodium sulfite (atmospheric pressure) and sodium
hydroxide (high pressure, autoclave leaching). Slime, concentrate, cakes, precipitates isolated from
solutions, and solutions were analyzed using modern devices of a new generation: An Optima-8300
inductively coupled plasma spectrometer, an Axios X-ray fluorescence spectrometer, an Optima 2000
atomic emission spectroscope, a D8 Advance diffractometer, a D8 Advance infrared spectrometer
Avatar 370. From the slime containing, wt. %: 51.2 Pb, 12.5 Se, 3.21 Hg and other elements, a
selenium concentrate was obtained with the composition, wt. %: 0.41 Pb, 59.16 Se, 15.4 Hg. The
technological indicators for obtaining a concentrate are given, %: concentrate yield - 20.74, Pb
recovery - 0.81, Se - 98.23, Hg - 99.50. According to XRD and IR spectroscopy, the concentrate contains
elemental selenium and mercury selenide from 10 selenium substances contained in the slime (given
in the article). The extraction of selenium from the concentrate into the solution was, %: sodium
sulfite - 76.84, sodium hydroxide - 89.65. The pulp from opening the concentrate with sodium
hydroxide solution was filtered very poorly. The filtrates contained a colloidal suspension, which could
not be filtered off either under vacuum or centrifugation. Therefore, to determine the qualitative and
material composition of the filtrates, salts were obtained by evaporating a certain and then
neutralized volume to dryness. It was found that only elemental selenium is leached from the
concentrate by solutions of both reagents, while mercury selenide remains in the cakes. Moreover,
over time, elemental selenium partially precipitated again from selenium-containing sodium sulfite
solutions; the salts contain only elemental selenium. An explanation is given for the transition of
soluble selenium salts to its elemental state. Despite the higher recovery of selenium from the
concentrate by leaching in autoclaves, taking into account the equipment, the complexity of its
maintenance, filtration of the pulp and the chemical composition of the filtrate, it is preferable to use
the method of leaching with sodium sulfite.

Keywords: slime, selenium, lead, mercury, concentrate, leaching, nitric acid, carbonate, sulfite, and
sodium hydroxide.
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TYWNIHAEME

MakKanaga basKal mbIC 3aybITbIHbIH, KYKIPT KbILUKbIbI LLeXbIHbIH, WAAMbIHAH (api Kapait: wnam) ceneH
KOHLLeHTPaTbIH KaHe OHAAfbl epiTiHaigeH ceneHai 6enin anfaHaafbl ipineHAipinreH-3epTxaHanbik,
CbIHAKTbIH, HaTUXKenepi KenTipingi. by WaamHbIH TYCTi MEeTanNyprua 3ayblTTapblHbIH, WAaMAapbIHAH
XUMUANBIK XOHE 3aTTblK Kypambl XafblHaH, acipece ceneHHiH, yneci 6oibiHwa (4,6 - 12,5 mac. %)
aiblpmalubinbiFbl 6ap. Byn wnamabl eHAipicke KaTbICTbipaTbiH 60/CaK, 3aybITTbIH, MbIC 3N1E€KTPOAUTTI
WamMblHA KapafaHaa, CeNeHHiH WoiFapbliybl 20%-AaH aca Kofapblaanabl. LUnam KyKipT KblWKbIIbIHAH
CYMEH 3Kybl apKplibl 6eniHegi, oaaH api 105 °C kenTipinedi. CeneH KOHUEHTPaTbl Waamabl HaTpuit
KapbOHATbIHbIH, }KaHE a30T KbILWKbIIbIHbIH, epiTiHAINepiMEeH Ke3eK Ke3eK Waimanay apKbiabl anbiHAb,
KOHLLEHTPATTaH cefieH HaTpuit cynbduTi (aTMoCcdepanbik KbiCbiM) KaHE HAaTPU rMAOKCUAI (*KOoFapFbl
KbICbIM, aBTOKNaBTbl LWaiimanay) epiTiHainepimeH LWaimanay apKblibl anbliHAbl. MHAYKTUBTI-
6ainaHbICKaH nnasmarsbl ATOMAbIK-3MUCCUOHABIK, CNeKTpomeTp Optima-8300,
peHTreHodpIyopecLeHTTbl TO/KbIHABI-AUCNEePCUOHAbI CNEKTpOMeTp AXios, aTomabl — 3MWUCCUOHAbI
cnekTpockon Optima 2000, amdppaktomeTp D8 Advance, UK — dypbe cnekTpomeTp Avatar 370 cuAKTbI
KaHa 3amaHayu KOHAbIpFblNapabl NaiganaHy apkplibl epiTiHAiAeH 6GeniHreH Waam, KOHUEHTpaT,
cy3iHAj, TyHba KaHe epiTiHAl Tanganabl. Maccanbik yneci: 51,2 Pb, 12,5 Se, 3,21 Hg kaHe backaga
anemeHTTep Hap WnamHaH, mac. Kypambl, %: 0,41 Pb, 59,16 Se, 15,4 Hg ceneH KOHLEHTPaTbl a/blHAbI.
ANbIHFaH KOHLEHTpATTafbl TEXHONOTUA/BIK KepceTKiwTep MblHadan 6onapl, %: KOHLEHTPATTbIH,
WwhbiFbIMbl - 20,74, 6enin anbiHybl Pb - 0,81, Se - 98,23, Hg - 99,50. KoHueHTpaTtTa MK-cnekTpockonus
oHe POT KepceTkiwTepi 6oibiHWA, ceneHHiH, 10 3aTbiHaH wWaamaa (Makanaga KenTipinre)
3/IEMEHTTI CeNeH MeH CblHan ceneHuai Kanapl. KOHUEHTPATTaH CeneHHiH, epiTiHaire 6eniHyi: HaTpuii
cynbdutimeH - 76,84 % abl, HaTpuit ruapokcuaimer - 89,65 %-abl Kypagbl. KOHUEHTpaTTaH HaTpuii
TMAPOOKCUAI epiTiHAICIMEeH anbiHFaH KoWbIpTnak (nysnbna) ete Hawap cysingi. Cysrige (dunbtpae)
Konnoug TypiHAeri »KysriH 6onfaHAbIKTaH, ON BaKyyMMeH pge, ueHTpdyrameH Je cysinmeai.
COHZAbIKTaH, Cy3iHAIHIH cananblK ¥aHe 3aTTblK KYPaMblH aHbIKTay YLWiH Ty34ap anblHAbI, COAAH KeWiH
onap 6enrini 6ip menwepae 6ynaHAbIpbIn, cofaH KeliH onap berTapanTaHAbIpbiAbIN Kenemi Keby
OeHreliHe aeliH xeTKisingi. EKi (Koc) peareHT epiTiHAinepiMeH KOHLEHTPATTaH TeK 3N1eMeHTTi ceneH
WwaKmManaHagbl, an CbiHan ceneHuai cysiHaige Kanagpl. CoHpail-ak, HaTpU  CyNbOUTIHIH,
ceneHKypamabl epitiHginepiHeH 6ipas yakbiTTaH KeliH KaliTadaH 3N1eMEHTTIK cesieH TyHAbIPbILAAbI, an
Ty34apAa TeK 3MeMeHTTiK ceneH 6onaabl. EpuTiH ceneH Ty3gapbl GipTiHAEN OHbIH, 3NEMEHTTIK Kyiire
ayblcaTblHAaFbl Kalnbl TyciHikTeme 6epingi. Kypan-»abablKTbl, OHbl KYTiM yCTayAblH KypAeninirid,
KOMbIPTNaKTbl Cy3yAi XaHe ¢GuAbTPaTTbiH, XMMUAMbIK KypamblH ecKepe OTblpbif, aBTOK/JaBTapaa
epiTiHAiNey apKblabl KOHLEHTPATTaH cefeHHiH, 6eniHyi »Kofapbl GonfaHblHA KapamacTaH, HaTpui
cynbdUTIMEH epiTiHAiney 94iCiH KonAaHFaH aypbic.

TyliiH ce3dep: wWnam, ceneH, KOPFaCcbIH, CbIHAM, KOHUEHTPAT, epiTiHAiNey, a30T KblILKbl/bl, KApbOHarT,
HaTpUI cyNbdUTI MEH r’MAPOKCUAI.
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NMonyyeHue U3 Wnama CepHOKUCNOTHOTO Liexa 6anxawickoro megHoro
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AHHOTAUMUA

B cTaTbe npeacTaBneHbl Pe3ynbTaTbl YKPYNHEHHO-1aboPaTOPHbIX WUCMbITaHUIA NONYYeHUA W3 LWNama
CEePHOKUCNOTHOTO Uexa (Janee: wnam) banxallcKOro MeAenNaBUAbHOTO 3aBofa CeeHOBOrO
KOHLLeHTPaTa U U3BJIEYEHUIO U3 Hero cesieHa B pacTBop. ITOT LW1aM B OTAINYME OT aHANOMMYHbIX WAaMOB
3aBOJ0B LBETHON METaNNyPrum CyLLeCTBEHHO OT/IMYAeTCA XMMMUYECKUM U BeLLeCTBEHHbIM COCTaBaMMu,
0ocobeHHO Mo cofepkaHuto ceneHa (4,6 - 12,5 mac. %). BosneueHne ero B cdepy npoussoacTBa
NO3BO/IUT YBENUYUTb BbINYCK ceneHa 6Gonee yem Ha 20 %, OT NOAYyYaemoro 3aBoAoOM W3
MELE3NEKTPONNUTHBIX WAamoB. LLnam npombIT BOAOW OT CepHOM KMCaOThbl, BbicyweH npu 105 °C.
CeneHOoBbI  KOHLEHTPAT No/ayvanu nocnefoBaTesibHbIM - BbileNaynBaHMeM LWiama pacTBopamu
KapboHaTa HaTPMA U a30THOM KUCNOTbI, CENIEH U3 KOHLLEHTpaTa BbllesauynBanm pactBopamu cynbduta
HaTpua (aTmocdepHoe [JaBneHWE) W TUAPOKCMAA HATPUA (BbICOKOE [JaBNeHWe, aBTOKNABHOE
BblleNaumMBaHue). LLnam, KOHLEHTPAT, KeKkWu, OCaJKM, BblAeNEHHble W3 PacTBOPOB, W PaCTBOPbI
aHaNM3MPOBaAN C WCMNONb30BAHUEM COBPEMEHHbIX MPUOOPOB HOBOrO MOKONEHWUA: CMEKTPOMETP C
MHAYKTUBHO CBfA3aHHOM nnasmoit Optima-8300, peHTreHohyopecLeHTHbIMBONIHOANCNEPCUOHHDBIN
cnekTpomeTp AXios, aTOMHO — 3MUCCUMOHHbIW cnekTpockon Optima 2000, andpaktometp D8 Advance,
MK — ®ypbe cnektpometp Avatar 370. U3 wnama, coaepskauiero, mac.: 51,2 Pb, 12,5 Se, 3,21 Hg u
ApYrve 3N1emeHTbl, NONyYeH CEeNeHOBbIN KOHLEHTpaT cocTasa, mac. %: 0,41 Pb, 59,16 Se, 15,4 Hg.
MpvBeaeHbI TEXHONOTMYECKME MOKa3aTeNn NOMyYeHUA KOHLUEHTpaTa, %: BbIXoA KOHUeHTpaTta - 20,74,
n3sneyeHue Pb - 0,81, Se - 98,23, Hg - 99,50. B KoHUeHTpaTe No gaHHbIM POA 1 UK-cnekTpockonum ms
10-Tv BeLLecTB ceneHa, cofepKaLmxca B Waame (NpuBeaeHbl B CTaTbe), OCTAOTCA 3/1EMEHTHbIN CeNeH U
ceneHung, ptytn. MN3snedeHne ceneHa U3 KOHUEHTPATA B PAcTBOP COCTaBMNO, %: CynbPUTOM HaTpusa —
76,84, ruapokcnaom Hatpua - 89,65. MNMynbna oT BCKPbITUA KOHLLEHTPaTa pacTBOPOM rMAPOKCMAA HaTpma
dunbTpoBanacb oyeHb NNoxo. B ¢unbTpaTax copeprkanacb B3BeCb KOANOMAHOMO TUMA, KOTOPYHO He
yAanocb oToUNLTPOBATb HW NOJ BaKyyMOM, HU LeHTpudyrmposaHuem. Moatomy Ana onpeaeneHuna
KayecTBEHHOro M BELLECTBEHHOIO cOCTaBOB GUILTPATOB MOJIyHan CONW, BbiNapuBaa onpeaeneHHbI u
3aTEM HEUTPaNU30BaHHbLIN WX OOBEM [0 CYXOrO COCTOAHMA. YCTaHOB/IEHO, YTO M3 KOHLEHTpaTa
pacTBopamm 060MX PEAreHTOB BbILLENAYMBAETCA TONIbKO 3/IEMEHTHbIW CEe/leH, a CeNeHua, PTYTU OCTaeTca
B KeKkax. lMpuyem 13 ceneHcofepiKallMx pacTBOpoB CybduTa HATPUA CO BPEMEHEM BHOBb YacTUYHO
BbINafan 3N1eMeHTHbIN CeNleH, B CONAX COAEPIKUTCA TONbKO 3N1eMeHTHbIV ceneH. [laeTca obbAcHeHWe
nepexosa PacTBOPUMBbIX CONeli CesleHa B ero 3JeMeHTHoe cocToaHMe. HecmoTpa Ha 6onee BbicoKoe
M3BNEYEHWE CefleHa W3  KOHLeHTpaTa MeTOAOM  Bbille/sauMBaHWA B aBTOKNABaX, Y4WUTbIBaA
obopynoBaHMe, CNOXKHOCTb €ero O06CAy:KMBaHWA, OWALTPALMIO NyAbNbl U XMMWYECKUIA COCTaB
dunbTpaToB, NpeAnoYTUTENbHEE UCNONBL30BATL NPUEM BbILLENAYNBAHNA CYNbOUTOM HATPUA.
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BeeaeHue

MonyyeHue cepHo KMCNOTbI u3
MeTanNyprmyeckmx rasos banxallcKoro meaHoro
3aBoga (BM3)  conpoBoxgaeTca  60abWKUM
KOMYeCcTBOM nyAbnbl, KoTopas, ABNAACH
TexXHOreHHbIM 0bpa3oBaHMem, 6e3 BblaeneHUa U3

Hee Wnama  cbpacbiBaeTcd  Ha  OYMCTHblE
coopyeHua. CotpyaHukamu  AO  «UHCTUTYT
MeTannyprum u  oborauweHua» (A0  «MMuO»)

YCTAaHOBAEHO, YTO C NYAbMOW B rog, TepAeTca Ao 3-x
TOHH peHun, 6onee 30 % ceneHa, OT NOJy4aemMoro
Ha 3TOM 3aBOAE M3 MeAEe3/IEKTPO/INTHBIX LIAAMOB,
M paa Apyrux UeHHbIX anemeHToB [1, 2]. Mpuuyem
OCHOBHOE KO/IMYECTBO PEHUA COCPESOTOYEHO B
pacTtBope (KoHueHTpauua 7 — 12 mr/amd); cenena —
B wWname (cogeprkanune 0,58 — 37 mac. %). AO
«MMunO» BbINO/IHEH 60nbLIOM Komnaekc
TEXHO/IOTMYECKUX UCCNeA0BaHUM MO pPeHuo wu
CeneHy, yuntbiBan Ux BocTpeboBaHHOCTbL B Mupe. B
pesynbTate pas3paboTtaHa M  npoBepeHa B
nonynpombIWAEHHOM MacwTabe copbunoHHasn
TEXHONOMNA U3BJEYEHUS peHuA U3 pacTteopos [3],
Nony4yeH CeNeHoBbllt  KoHueHTpaT [4-8]. K
COXKaNeHuto, LWAambl CEPHOKMC/IOTHbIX LLEXOB
MEeTaNNyprmyeckmnx 3aBooB He BOBJIEUYEHDI B chepy
npous3BoAcTBa cefeHa. B  mupoBoM npaKkTuke
BOMPOCAaMW €ro W3B/IEYEHUA W3 TeXHOreHHbIX
06pa3oBaHKUIt ra3004NCTKM OT NepepaboTkm megHo-
HUKeNeBblX KOHUEHTpatoB Ha 3aBogax AO
«KonbCcKas ropHo-meTannypruyeckass KOMNAHWUS»
(AO «KIMK») 3aHumatotcs Tosbko B Poccum
(MHCTUTYT XMMUM U TEXHONOTUWN PEAKUX SNEMEHTOB
M MWUHepanbHoro cbipba um. W. B. TaHaHaesa) u
KasaxcraHe (AO «MMunO»). POCCUNCKMMM yYeHbIMU
M3y4yeHO MnoBeAeHue cesieHa B MPOLECCe CYXON U
MOKpOWA OUYMCTKM NblaerasoBom cmecu
NUPOMETANNIYPTMUYECKMX NEepesenioB MegHbIX WU
HMKEeNEeBbIX KOHLEHTPATOB; onpeaeneHbl ero
coaepKaHua B TEXHOFeHHbIX  MaTepuanax;
npeanoXeHbl cnocobbl U3BMEYEHMA U3 NPOMbIBHOM
CEePHOM KWUCNOTbl, NyAbMbl M KEKoB (LWnamoB) M
nosly4yeHusn CceneHoBoro KOHLEeHTpaTa n3
CeneHcoaep:KalWmx OCaAKoB, BbIAENEHHbIX U3
pPacTBOPOB, M KEKOB, M NOyYeHUe MeTanIMYeckoro
ceneHa U3 KoHueHTpaTa [9-18]. AO «MMuO» u3
wnama BM3  TakXe nonyyeH  CeneHoBbIl
KOHLEHTPAT MOCNeA0BaATe/IbHbIM  BbILEAYMBAHMEM
W1amMa pacTBopamu KapboHaTa HaTpua M a30THOM
KucnoTbl. Cnegyetr OTMETUTb, YTO XMMMUYECKUI U
BEeLLEeCTBEHHbI COCTaBbl ceneHcoaeprKalmx
TEXHOTeHHbIX  00pPa3’oBaHMM  Ta3004YUCTKU WU
NOJlY4EHHbIX U3 HUX CENEHOBbIX KOHUEeHTpaToB BM3
n AO «KI'MK» cywiectBeHHo pasanyatotea [2, 9].

B HacTosLee Bpems TEeXHOreHHble
0bpa3oBaHMA BCEX OTpac/ier MNPOMbIWJIEHHOCTH, C
OZHOM CTOPOHbI, ABAAIOTCA CEepbe3HON npobiemoi
0N OKpY:Kalollen nNpupoaHOM cpeabl: OHW, Kak
NpaBW/O, HAKanJMBaloTCA W 3aHMMAlOT OrPOMHble
Tepputopmun. C Apyro CTOPOHbI, B TBEPAbIX W
KUOKMX TEXHOreHHbIX o06pasoBaHMAX
KOHLEHTPUPYIOTCA LEeHHblEe 3NEMEHTDI,
COMyTCTBYOLWME OCHOBHOMY METaANy, MO3TOMY WX
MOXHO PAcCMaTpuBaTb KaK cbipbe. BoeneuyeHue B
chepy Npomn3BoACTBa Ny/bMbl CEPHOKUCIOTHOIO LiEXa
BEM3 no3BOAUT HE TONLKO PACLUMPUTL aCCOPTUMEHT
BOCTpebOBaHHOMW TOBApPHOM MPOAYKUMM U CHU3UTL
cebectonmocTtb meau.

Llenb daHHOU pabomei: NONyYEeHUE CENEHOBOTO
KOHUEHTpaTa M3 wnama BM3 B yKpynHeHHO-
N1abopaTopHbIX YCNOBUSAX WU M3BJIEYEHUE U3 HErO
cefieHa B pacTBop.

N3BneyeHne ceneHa B pacTBOp U3 pas/IMYHbIX
TBEPAbIX TEXHOTeHHbIX obpasoBaHuit
OCYLLECTBAAOT NUPOMETANTYPrUYECKUMM n
r’MApPOMETaNYPruyecKkMmm MeTo4amMu npu
atmochepHoM U NOBbILWEHHOM  AaBAEHUU
(BblWenaunBaHue B aBTOK/aBax) [19-24].
ConocTaBuUTE/IbHbIN aHaNU3, KOTOPbIX NMOKasas, YTo
NUPOMETANNYPruYecKkue MeToAbl ABNAOTCA
3HEpPro3aTpaTHbIMKU, CAOXHbIMKM B annapaTypHOM
odOpMNEHUN U COMPOBOXKAATCA 0OpasoBaHMEM
MblJierasoBoil  CMecu, BHOBb MOCTyMnalolWen B
cuctemy rasooumctkm [19, 20, 23]. B sToi cBs3M
npegnoyteHune 6b110 OTAaHo
rMAPOMETANNYPIMYECKMM METOAAM.

B KauecTBe BbILLENAYMBAIOLMNX pPeareHToB A/
TEXHO/IOTMYECKMX W aHA/JIUTUYECKUX  Lenen
nccneposaHbl okncantenn (HNOs, KMnOas, MnO,,
CuO, H;0,, KNO3, Cl;, Ca0Cl,), conu (FeCls, CuCl,
Fex(SO4)3, NaxSOs) m NaOH [19-24]. Mpuuem
HEKOTOpbIe M3 HUX OKUCAAIOT TONbKO 3/IEMEHTHbIN
ceneH, B 4actHocTh, HNOs; c ob6pasoBaHuem
CeNIEHUCTON KUCNOTbI; Apyrue - razoobpasHsbiii Cly 1
CaOCl; - 321eMeHTHbI ceneH W ceneHuabl ¢
obpas3oBaHMEM CENEHUCTOM U CeNeHOBOM KUCAOT.
Pactsopamn NaOH u Na,SO3 nssnekaetca TONbKO
3/1IeMeHTHbIN ceneH B Buae conen NaSeOs mnu
Na,SeOs 1 Na,SeOs nnm Na,SOs3Se cooTBETCTBEHHO.

Ons n3BneyeHUs ceneHa W3 KOHLLEHTPATOB,
MOJIyYEHHbIX U3  TEXHOreHHblIXx 06pas3oBaHWi
cepHokucnotHoro npowussoactea AO  «KIMK»,
anpobupoBaHbl PacTBOPbI CONAHON KUCNOTbI, CMECb
CONSIHOM W CepHoi Kucnot ¢ gobasneHnem
okuMcauTena (He yKkasaH) u cynbouT Hatpua [9].
PesynbTathl 3KCMEepMMEHTOB no BblbOpY
BbILLLE/1TAYMBAIOLLETO peareHTa 1 Ux obcyRaeHue He
npueogAatca. KoHcTaTupyeTtcsa, «..4To0 Haubonee

— 14 ——
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TEXHO/NIOTUYECKN MPUEMNEMBIM C TOYKM 3peHUA
nocneayrowero nNOJIyYeHMA CeneHa  ABAAETCA
BbiwenaumsaHne 20 %-m pacTtBOpomM cynbdPuta
HaTpuA Npu TemnepaTtype, 61M3KOMN K TemnepaTtype
KUMEHMUA, N COOTHOLIEHNN TBEPAOM U KuUAKoM das
1:10-1:20». MNpuBegeH XMMMWYECKMA  COCTaB
KOHLEHTPATOB M KEKOB NOCNAE WX BbllelaYnBaHmA
pacTtBopom cynbduTa HaTpuA 3aB040B
«CeBepoHuKenb» U  «leyeHeraHukenb». 0O6a
KOHLEHTPATa UAEHTUYHbI MO 3/1IEMEHTHOMY COCTaBy
(Se, Te, Pb, Ni, Cu, Fe, As, Zn, Re, Co, Sn, Sb), HO
pasnMyaloTcA NO  COAEPKAHUID  3/1EMEHTOB.
OcobeHHO MO cofeprkaHuto ceneHa (65,6 n 11,5
mac. %). Mpwu yCnoBmsaAx nposeseHuA
3KCMEPUMEHTOB M3B/IEYEHME Ce/sleHa B pPacTBop
cocTaBuo «...94,0-99,5% npu ybbiam Beca Teepaomn
¢das3bl 80-87%» B Kekax OOHapy)KeHbl Te ke
3N1eMEeHTbI, YTO M B KOHLEHTpATax, HO cogepiKaHue
ux Bospocno. o paHHbIM  peHTreHo$a3oBOro
aHaNMn3a OCHOBHOM $a3ol B KeKax ABAAETCA OKCUA,
Hukens(ll).

Ha ocHoBaHuu aHanusza nyb6avkaumii no
BblILLENAYMBAHUIO ceneHa Pa3NINYHbIMU
peareHTaMu, y4ynTbiBasa MX XMMUYECKME CBOWCTBaA,

NCMNo/b30BaHNe B NPaKTUKe, CTOMMOCTb,
BO3MOXHOCTb NpuobpeTeHnss Hamu  BblbpaHbl
CyNbdUT M TMAPOKCUA HATPUA.
JKcnepuMeHTaNbHasA YacTb
Mamepuarnei, peazeHmeol. Wnam
CEePHOKUCNOTHOTO LUexa BM3 (manee: wnam),

KapboHart HaTpua (FTOCT 5100-85), a3oTHasA K1cioTa
(TOCT 4461-77), cynbdut Hatpua (FOCT5644-75),
rmgpokcug Hatpua (TOCT4328-77).

Memoos! aHanusza. PeHTreHodNyopecLLeHTHbIN
- PO/ (BonHOAMCNEPCUOHHDIV CNeKTpomeTp Axios),
XUMUYECKUI (cnekTpomeTp C
WHAYKTUBHOCBA3aHHOM nnasmoli Optima-8300) ans
KO/IMYECTBEHHOrO OnpeAesneHna 3/1eMeHTOB B
WwName, KOHUEHTpaTe, KeKax W  pacTBopax;
peHTreHodasoBbit - PDA (andpaktometrp D8
Advance); uHdpakpacHas cnektpockonus - UKC (UK
— dypbe cnekTpomeTp Avatar 370 Thermo Nicolet)
ona  onpepeneHus  $asoBOro  coctaBa M
rpynnMpoBoK B ocagKkax. MaeHTudumkaumio
COeAMHEHMN CBUHLLA U CeNeHa B LWaMe M KeKax U
UX rpynnnMpoBoOK nposoanau no [25-33].

Memoouka nposedeHua  sKcnepumMeHmMos.
LLnam OTMbIT BOAOW OT KUCNOTbI, BbICYLUEH NpU
105 °C g0 nocTOAHHOrO Beca, pacTepT, ycpeaHeH
KBapTOBaHWEM, NMPOAHANN3UPOBAH Ha XMMUYECKUIA
W BELLECTBEHHbI COCTaBbI.

MonyyeHue cesneHoeo20 KOHUeHmpama.
KoHueHTpaT noay4yanu nocnepoBaTesIbHbIM
BbILLEIAYMBAHMEM LUAMa PacTBOpPaMM KapboHata
HaTpMA W  a30THOW KMC/AOTbl Ha YCTaHOBKe,
BK/IIOYAIOLLEN TEPMOCTAT, AYElrKy C pybalKkon u
06paTHbIM XONI0AUNBHUKOM, MeLLanky c
peryavpyembim  4uciom  060OpOTOB, BOPOHKY
BloxHepa, Konby byH3eHa (pucyHoK 1).

1-TepmoCTaTMPOBAHHAA AYEMKA C XONOANIbHUKOM,
2 — Mellasnka c peryanmpyembim yncnom obopoTos, 3 —
TepmocTaT
PucyHoK 1 - YcTaHOBKa 414 BbIlLelaYnBaHUA Wiama
M CEIeHOBOrO KOHUEeHTpaTa

B aueiky obbemom 1 am® 3anMBanu pactsop
KapboHaTa HaTpuA, Harpesann QA0 3aJaHHOMN
TemnepaTypbl,  HaBeCcKy  W/aama  3acbinanu
NOPLMOHHO NPW BKAIOYEHHOW MELLaNKe U CKOPOCTH
ee BpaweHua 600 o06/muH. o wucTeyeHUU
3aZ1aHHOTO BPEMEHMU ropaYyto nyabny GuUabTPOBaNU
NnoJ BakyyMOM Yepes npeasapuTesibHO Harpetyto
BOPOHKY. KapboHaTHbIN KeK BO3BPaLLANM B 3Ty e
AYEerKy C npenBapuTesNibHO HarpeTbiM PacTBOPOM
a30THOM KucnoTbl. Topsadyto nynbny ¢GuAbLTPOBaNU
TaKKe yYepes HarpeTyio BOPOHKY. DunbTpaThbl
CMBa/M B Cyxve WHOMBUAYANbHbIE EMKOCTW.
CeneHoBbI KOHLEHTPAT NPOMbIBAAM Ha ¢uabTpe
ropsye AUCTUNNMPOBAHHOW BOAOM OT PacTBOPa,
KOHTPO/IMPYA OTMbIBKY MO pPeaKkuuu C pacTBOPOM

xnaopuaa 6apus. MpoMmbITbIi KOHULeHTpaT
BbICYLLUMBANM A0 NOCTOAHHOro Beca npu 105 °C,
pactupanu, ycpeaHanm KBapTOBaHWEM,

aHaNM3MPOBAAMU Ha XMMUYECKUA U BeLLecTBEHHbIN
COCTaBbl.

M3BneyeHne ceneHa W3  KOHUEHTpaTa B
pactBop. CeneH U3 KOHUEHTpaTa U3B/ieKaan ABymA
cnocobamu: npu aTmochepHoM (BbllLenaunBaHme
pactBopom cynbduTa HaTpPMA) M NOBbILEHHOM
AaBNeHum (BblWEeNnayMBaHne pacTBOpOM
rmapoKcnaa HaTpus B aBTOK/1aBax).
BbllwenaunBaHme KOHUEHTPATa Cy1bGUTOM HaTpus
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NPOBOAMN Ha YCTaHOBKe (PMCYHOK 1) no aHanormm
CO LWIAaMOM; TMAPOKCMAOM HaTpUs Ha yCTaHOBKe
(pycyHoK 2).

PUCYHOK 2 - ABTOK/1aBHas yCTaHOBKa (a), aBTOK/NaB C
¢dTOpNAacTOBbIM CTakaHOM (6)

Bo d¢TopnnactoBble  CTaKaHbl  3aAuBanu
HeobxoaMMbIt  obbem pacTBOpa  FMAPOKCMAA
HaTpMA  3aJaHHOM  KOHLLEHTpauuu;  3acbinanam

HaBeCKy KOHLEHTpaTa, nepemellas eé naao4ykon us
dTopnnacta; 3atem CTakKaHbl MNOMelWanu B
aBTOKNaB, KOTOPbIN 3aKpblBa/M M MOMELLAIN ero
TepmocTaT, 3agas  Temnepatypy 230 °C. Mo
WCTEYEHMN 3a[,aHHOIO BPEMEHM OTK/OYaAN Harpes
W OXJlaXganu aBTOKNaB A0  TemnepaTtypbl
atmocdepsbl. MNynbny GuabTpoBanM nog BaKyymMom
yepe3 OGUALTP CMHAA NeHTa. Kek Ha o¢unbTpe
NPOMbIBaNN ANCTUNIMPOBAHHOM BOAoMN oo pH=7.
LLnam, KOHLEHTPAT M KeKW aHaNM3MpoBanM Ha
XMMUWYECKUI U BELLECTBEHHbIN COCTaBbl, PAacTBOPbI
TONbKO Ha CBMHeL, cefeH WU pTyTb. B cratbe
npuMBoOaATCA " ocyXpaatoTca pes3ynbTaThl,
Kacatowpeca TOJIbKO CBWMHLQA, ceneHa v pTyTn. B
HEKOTOPbIX C/yYasax nNpu obCcyXKaeHUn pe3ynbTaTos
NPUBOAATCA AaHHbIE U NO APYTUM 3/1EMEHTAM.

Pe3ynbTtatbl M 06CyKaeHUe

MonyyeHWe CENEHOBOrO  KOHLEHTpaTa W3
wnama. [pombITbii  BAAXKHbIM  Wnam  beno-
pO30BOro ugeTa c He3HauyMTeNbHbIMU

BKpPan/JeHNAMM YepHOro LBeTa, Cyxoh — cepbli.
N3meHeHMe ugeTa Wwaama obycnosneHo
nepexogoM cCeneHa KpacHon moguduKauun B
YepHylo NpuW BbICylWIMBaAHMM Wnama npu 105 °C.
XUMMYEeCcKUI cocTas wWwnama, mac. %: 51,2 Pb; 12,5
Se; 6,5 S; 3,21 Hg; 1,87 Si; 0,54 1; 0,24 Bi; 0,2 Ag;
0,11 Zn; 0,09 Cu; 0,09 Al; 0,05 Br; 0,054 Ti; 0,04 Sr;
0,03 Ni. BKpanneHua yepHoro useta, BO3MOXHO, -
YroNb, NPUMEHAEMbIN ANA NAABKM MEAHOW LINXTbI.

OnpepeneHne ¢GoOpM HaXOXKAEHUs CeneHa U
CBMHUa B wWname P®OA 3aTpygHUTENbHO WU3-33
HaNoXeHUA ANOPaKUMOHHBIX pedneKkcoB BeLLecTB
ceneHa HU3KOW NHTEHCUBHOCTU C
AMdpaKkUMOHHbIMKU pediekcamn cynbdaTta CBMHLA
CUNbHON WHTEHCUBHOCTU [6]. [dudpaKkTorpamma

Wwiama npuBedeHa Ha pUCyHKe 3a, npumepHoe
cofeprKaHne TONbKO CoOeaMHEHWNIN CBMHLA M cesleHa
npeacrasneHo B Tabanue 1.

M3 Tabamupl 1 BMAHO, YTO  OCHOBHbIM
coeuvHeHnem B Wwname sBasetrca PbSO,; B Hem
coAepXaTca  TaK¥e  3/eMeHTHbI  ceneH  2-X
MmoaMdUKaLMIA, B  HE3HAUUTE/IbHbIX  KOMYEeCTBax
ceneHcoAep Kalme coeamHeHna cemMHUa U pTytn [25].
OpgHako n3-3a pPa3INYHbIX WHTEHCMBHOCTEMN
ANPPAKLUMOHHDBIX pedNeKkcoB BELLECTB  M3y4aemblxX
3/1IEMEHTOB M Pa3/IMYHOTO COAEPMKAHUA UX B LUIAME,
Ha/IMuMe HEKOTOPbIX CEeNeHCoAEP KALMX CoeaNHEHUM
noa, Bonpocom. Bo3amoXHO, OHM Haxo4ATCA B LWIaMe B
BMAE BKPANIEHWIA.

Tabauuya 1 - CogeprkaHue coeaMHEHUI ceNleHa U CBUHLA
B LWJAaMe, KOHLleHTpaTe

CopeprkaHue, %

dopmyna Wham CceneHoBbIN KOHUEHTpaT

npob6a Ne 1 | npoba Ne 2
PbSO4 69,1 9,6 10,4
Se, syn 5,0 34,6 36,1
Se 3,0
PbSO4PbSeO4 6,1
PbSeOs 0,9
PbSo,55€0,5 0,6 He o6HapykeHo
HgSeOa4 7,7
HgSeO4HgO 0,7
HgSeo,750,3 0,2
HgSe, 1,3 11,2 13,0
Se0> 4,4 He obHapyKeHo
Mg(HSeO0s3)2(H20)3 8,5

MK-cnekTpockonua (pucyHoK 3B) noatsepamna
Hanunume PbSO, - 1175 (1174), 1057 (1059), 968,
632, 599 cm™ [26, 28, 31], PbSeO,, - 834, 800 (801)
cmt [28], Bo3amoskHO ecTb 1 SeOs%- 800 (801) cm-* [28].

BbilenaumsaHme wnama npoBOAMAM
nocaefoBaTe/IbHbIM BbilesauMBaHNEM PacTBOPOM
coapl C MonyyeHMem KapbOHATHOTO Keka W
BbILLENAYMBAHMEM €ro  PacTBOPOM  a30THOMU
KUCNOTbI C MONyYEeHMEM Ce/IeHOBOrO KOHLEHTpaTa
(nanee: koHUeHTpaT). YC0BMUA Kaxaoi onepauum
npuseaeHbl B Tabauue 2.
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pacTBOpaMu KapboHaT HAaTPUA M a30THOW KMCNOThI
npoxoamna 6e3 0OCNOXHeHUN. PunbTpatbl OT
KaXXgolM onepaumy BblWEeNavymMBaHUA M KaXKgoro
peareHTa cobupanm B UHAMBMAYA/bHbIE EMKOCTM.
A KOHLLEHTPATbl OT KaXK40ro onbiTa BbICYLUMBAAN U
pactupanu WHANBUAYANbHO, 3atem nx
06beaAnHUAK, TLWATENbHO NepeMeLlanu, ycpegHuam
KBapTOBaHMEM W oTObpanu cpeaHtod npoby ans
aHanusa (2 napannenbHble npobbl). PacTBopbl
TaK¥Ke TWaTeNbHO nepemellanu u otobpanm npobol
Ans aHanusa. LlBeT pacTBopa OT BbllenavmMBaHMA
COA0M - XenNTbli UBeT, a30THON KMUC/IOTON — CBETNO-
3€1eHbli LBET, KOHUEHTPATa - YepHbIi. Pe3ynbTathbl
npeacTasfieHbl B Tabavue 2 1 Ha pUCYHKe 3.

M3 Tabnnubl 2 BUAHO, YTO NPU BbilLeNa4YMBaHNSA
Wwnama KapboHAaTOM HaTpUA KOHTPOAMpPYyeMble
31eMeHTbl MPaAKTUYECKM MOJIHOCTbIO OCTaloTCA B
KapboHaTHOM Keke. O uyem CBUAETENbCTBYIOT
CTeneHun ux nsBnedyeHus B pacteop, %: 0,23 Pb, 0,93
Se, 0,037 Hg. A30THOW KMCNOTOM M3 KapboHaTHOro
KEKa B pacTBOP M3BNEKAETCA MNpPaKTUYEeCKU
NONHOCTbIO TONbKO  CBWMHeu, (99,62 % ot
cogepskaHua B Wname). A ceneH U pTyTb TaKxke
NPAKTUYECKU NOJHOCTbIO OCTAKOTCA B KOHLLEHTpPATE,
coaepKaHue KOTOPbIX noBblWaeTca
cooTBeTcTBEHHO ¢ 12,5 a0 59,16 mac. % u ¢ 3,21 go
15,4 mac.%. CopeprkaHMe CBMHLA CHUMXKAETCA C
51,17 po 0,41 mac. %.

P®DA B KoHUeHTpaTe o06HapyKeHbl PbSO4, Seqyn,
HgSe (pucyHoKk 36). B oaHOW M3 napannenbHbIX
npo6b - un Mg(HSeO0s)(H20);. Heobxoammo
OTMETUTb, 4YTO $a30BbIA COCTAaB KOHUEHTpaTa M
KO/IMYECTBO COeAMHEHWUI B NapannenbHbiXx npobax

OT/INYAETCA  He3HaunTesbHOo.  MK-cnekTpockonuei
(pcyHOK 3r) B oTanume ot POA He BbISBNEHO HU
OOHOTO COEAUHEHUA WUAWN CeNeHCcoAepXKalLmx rpynm,
HO  3aduKkcmposaHa rpynna SO~ (nonocobl
nornowenua: 1099, 620, 594 cm™?) [26, 28], koTopas ¢
Y4YETOM [arKe He3HauyMUTeIbHOrO COAEpPrKaHMA CBUHLA
B KOHLeHTpaTe noATBepXKAaeT npucyTcTBue cyabdata
CBMHLA B KOHUEHTpaTe. MprUymMHON NPOTUBOPEUMBBIX
JaHHbIX PDA un  MK-cneKTpockonuu  KacaTenbHO
BELLECTBEHHOrO COCTaBa COEAMHEHWM cesleHa B
KOHUEHTpaTe ABAAETCA npegHasHayeHne MeToZ0B.
M3BecTHO, uTo MK-CcnekTpockonua dukcmpyet rpynnbl,
06pa3oBaHHble 33 CYET KOBA/JIEHTHOM CBA3U WX
anemeHToB. CpaBHEHME BELLECTBEHHOMO COCTaBa
Ce/leHa B LWIAME W KOHUEHTPaTe MOKasano, 4To
KOJIMYECTBO ceneHcoaepKaLmx CoeaNHeHMI
Cokpatunocb ¢ 11 pgo 4 (tabnvua 1). Yto
NnoATBEPXKOAETCA W HaAMuMem ceneHa B 06oMx
pactBopax (Tabnuua 2). WM3BneyeHwe ceneHa B
pacTBOp M3 WaamMa KapboHATOM HaTpusA, BEPOATHO,

06yCNOBNEHO  B3aMMOAEWCTBMEM  COEAUHEHWIA
PbSO,PbSe0Qs4, PbSeO; u HgSeO, (aHanormyHo
PbSOs) u SeO, «c obpasoBaHMeM NJIOXO

pacTBOPMMbIX KapbOHATOB CBMHLA W PTYTU U
XOPOLWO pPacTBOPUMbIX KapboHaTa, ceneHata W

ceneHuTa HaTpus. A30THOM Kncnotom
NPesanoNoKUTENIbHO OKUCIAETCA Seeyn.

3a BpeEMSA nposegeHus YKpPYNHEHHO-
NnabopaTopHbIX  WCMbITAaHUA N0 MOJYYEHUIO
Ce/eHOBOTO KOHLLeHTpaTa us3 Wwaama,

nepepaboTaHo 2,4 Kr cyxoro waama, CofeprKallero
mac.%: 51,2 Pb, 12,5 Se, 3,21 Hg; nonyyeHo 422 r
KOHUeHTpaTa, coaepawero 0,41 Pb, 59,16 Se, 15,4
Hg.
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MN3BneyeHne ceneHa M3 KOHLEHTpaTa B pacTBoOp
npu atmMochepHOM [AABNEHUWM PACTBOPOM CynbduTa
HaTpua (NasSOs). Ycnosua: KoHueHTpaumsa Na,SOs —
300 r/am3, T:X=1:5, Temnepatypa - 80 °C, Bpema — 2 u.
Mynbna ¢unbTpoBanacb Xopowo, Kek Ha ouabtpe
NPOMbIIM  AUCTUNANMPOBAHHOM Bogok Ao pH=7.
®PunbTpaT NPO3pPayHbIi  TEMHO-KOPUYHEBOTO LBETA,
KeK — YyepHoro upeTa. U3 dpunbTpaTta yepes HekoTopoe
BPeEMA BbIMa/l TOHKOAMCMEPCHbI OCagoK Ceporo
LBETa, KOTOPbI OTOUALTPOBAAN, NMPOMbLIM BOAOW U
BbICYLUM/IM 0 NOCTOsIHHOrO Beca npu 105 °C (pucyHoK
4). LigeT ocagKa nocne BbICYLUMBAHWUA COXPAHWUICA, HO
€ro YacTuubl chOpPMMPOBANUCL B IEFKO PACcTUpPaeMble
KOHrIoMepaTbl. Pe3ynbTatbl aHAaAM30B NpeaCcTaB/eHbI
Tabnvue 3 1 Ha pUcyHke 5.

PucyHok 4 - Ocagok ns ¢unbTpata
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Kak BMAHO U3 Tabnaumubl 3, pacTBOpOM cy/ibduTa
HaTPUA N3 KOHLLEHTPATa B PacTBOp M3BseKaeTca 76,84
% ceneHa (68,8 % B BUAE pacTBOpMMON conun 1 8,04 %
B BUAE 3/IEMEHTHOIO), @ CBMHEL, N PTYTb MPAKTUYECKU
nosiHoctblo (> 99 %) ocratoTca B Keke. B Keke no
OaHHbIM PDA copeprkatca OBa BewecTBa Ce/ieHa:
3/1eEMeHTHbIN oAHol  moauduKaumm (37,2 %) wn
cenennp, prytm (42,6 %). WM3-3a He3HaUUTENbHOIO
KOo/M4ecTBa CBUHUQA B Keke PPA He obHapyun ero
coeamHenua. OagHako MK-cnekTpockonus, Kak bosee
YYBCTBUTENIbHbIA  METOZ MO CpaBHeHUIO C POA,
3admKeposana rpynny SO.* (1101 cm? [26, 28)),
KOTOPYHO MOYKHO OTHECTU K cynbdaTy CBMHLA (pUCyHOK
5B), HO rpynn ceneHa He BbifiBMNA. Takum obpasom, B
KEeKe OT BbllLEeNa4YMBAHNA CENEHOBOr0 KOHLEHTpAaTa
cogep)atcA B OCHOBHOM HgSe, Se M B 0O4YeHb
He3HaunTelbHOM KosindecTse PbSQO,.

CeneH B ocagke (coaeprkaHue 86,99 mac. %,
Tabsmua 3) no AaHHbIM PDA (prcyHoK 56) HaxoauTcs B
AByx ero moamndukaumii: Se (74,4 %) n Segn (21,9 %).
Hannune cynbduta HaTpuA obbACHsEeTCA
HEeA0CTaTOMHOM OTMbIBKOM OCagKka oOT pactsopa. MK-
CMeKTP OcCaZKka He NpUBOAMTCA: He 3adpUKCMPOBAHO
ceneHcoaepKaLmx rpynn.

6 .- Se

-Se, syn

- Na,S0,

20 30 40 50 60 70 80

1000 500
Bomrogoe uriemo, el

PuUcyHOK 5 - [ndpakTorpammsl: Keka 5a, ocagra 56; MK-cneKkTp Keka 58

Ta6nuua 3 - [oBeaeHMe CBUHLA, CeneHa u pTyTu Npu BbllenauymMBaHNN CeNeHOBOro KOHUeHTpaTa Cynbd)MTOM HaTpuA

PacTtBop Kek

KOHUeHTpauuma, r/am? nssneyeHune, % cogepxaHue, mac. % nssnedyenue, %

Pb | se | Hg | Pb | se | hg | ™™ %% ["pb | se | Hg | Pb | se | Hg

KoHueHTpaT
041 [59,16 [154 |
PactBop cynbduTa HaTpms
0,004 | 81,4 [ 0,012] 048 | 6838 |0,04]
Kek
| 46,72 | 0,88 | 29,56 | 32,8 | 99,07 | 23,34 | 99,51
OcapoK 13 punbrpata

| 536 | 003 869 ] 016 | 037 | 804 | 0,05
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Mepexon ceneHa B pacTBop, O Yem
CBMAETENbCTBYET €ro KOHLUEeHTpauus B pacTBope
(81,4 r/gm3), obycnosneH B3aMMoAeNncTBMEM
3N1eMEHTHOTO cefeHa € cynbdUTOM HaTpusa no
peakuuu [19]:

Se + Na;S03¢>Nay5eS0s (1)

Peakuus obpaTtumas: npwu BbICOKMX
Temnepatype W KOHUEHTpauuu cynbduta HaTpuA
peaKkuua CcABMHYTA BMPABO, MPU CHUMMKEHUU 3TUX
napameTpos B/1eBO. [103ToMy N0 Mepe OxNaxKaeHNA
pacTBopa M3 HEro W BbiMasl YaCTUYHO 3/IEMEHTHbIN
CeneH.

Takum obpasom, cynbdUToM HaTpus B
YCNI0BUAX MPOBEAEHUA 3KCNEepUMEHTa B pPacTBOP
CENEeKTUBHO W3BJIEKAETCA TO/IbKO 3/1E€MEHTHbIN
CeneH, W3B/IeYEHME KOTOPOro M3 KOHUEHTpaTa
coctaBuio bonee 76,7 %, ns wnama — 75,3 %.
Bbixog, KeKka OT wnama coctasun 9,69 %, ceneH B
KEeKe OCTaeTcs B BUAE Ce/leHnaa PTYTU U YaCTUYHO B
BUAE 3NEMEHTHOTO.

N3BneyeHne ceneHa W3 KOHUEHTpaTa B
pacTBop Npu  BblWeNAYNMBAHUN  TUAPOKCUAOM
HaTpua B aBTOK/AaBax. YCNOBMA NpoBeAeHMA:
KOHLEHTpaLMA pacTeopa rmgpokcmaa Hatpma - 50 n
200 r/am3, T:XK=1:7, Temnepatypa - 230 °C, Bpems 7 u.
Mynbna B oboux cnyyanax ¢uAbTpPoBanacb OYEHb
megneHHo. Punbtpatbl —  MYTHble, TEMHO-
KOPMYHEBOrO LBeTa. Bna)kHble Kekn — TemHo-
cepble; cyxme — yepHble. Co BpemeHem M3 0bomx
dWNbTPATOB BbIMNANM OCaAKM CEporo LBeTa, HO
duAbTPaTbl OCTaBa/MCb  MYyTHbIMU. BblaenuTb
0CagKkn ounbTpaumen Uan LeHTPUdYrMpoBaHUeM
He noayymaocb. M3 NpomBoOg, OT NPOMbIBKM KEKOB
TaKXKe BbiNa/M 0OCafAKM, HO pa3HOro LBeTa:
KopuuHesblt (50 r/am3 NaOH), B3Becb KpacHoro
useTa (200 r/gm3 NaOH). BO3HMKAN TPYAHOCTU M
npuM aHanM3e KOHTPONAMPYEMbBIX 3/EMEHTOB B
pactBopax. [o3Tomy 6bI1I0 NPUHATO pelleHue
BbIMapUTb no 50 cmd $unbTpaTos,
HEeMNTPaAZIM30BaHHbIX CONMAHOM KUCAOTON, A0 CYyXOro
coctoaHusa (panee: conu). Conu B3BECUMAM MU
NnoAroToBMAW ANA YCTAHOBJIEHUSA 3/IEMEHTHOIO MU
BELLECTBEHHOrO COCTaBOB. M3BneyeHMe B pacTBop
CeneHa, CBMHLA M PTYTU AAOTCA TOJIbKO MO KeKam
(tabnuua 4).

M3 Tabnuubl 4 BWAHO, 4YTO TULPOKCUAOM
HATPUA B PacTBOP M3BNEKAOTCA CBUHEL, U Ce/eH, a
PTYTb MPaAKTUYECKM MNOJAHOCTbIO OCTAaeTCA B KeKe.
KOHUEHTpaUMA 3TOro peareHTa CKasblBaeTCA Ha
BbIXO4E KEeKOB W WX BeLLeCTBEHHOM COCTaBe
(pycyHkM 6a un  66); cTeneHM M3BEYEHMUN
3/IeMEeHTOB, Nepelweawunx B pacTtBop. Tak, C ee
NnoBbILIEHMEM COKpalllaeTca Bbixog, Keka (39,03 u

22,67 %) n copepxaHue cenenHa (42,91 u 27,01
mac.%), HO YBE/NIMYMBAETCA COAEpPrKaHME CBMHLA
(0,39 1 0,46 mac.%), ptytn (39, 28 n 67,64 mac. %).
N3BneyeHMe B  pacTBOp M3  KOHLEHTPaTa,
paccynTaHHOe NoO Keky, coctasuno, %. 63,22 u
74,88 Pb, 71,69 1 89,65 Se, 0,43 n 0,44 Hg.

MAOpoOKCMAOM HaTpUA U3BJIEKAETCS TOJIbKO
3/IEMEHTHbIN CeNeH, ceneHug pPTyTM, KOTOPbIA
HE3aBUCMMO OT €ro KOHLEHTPauuu OocCTaeTcs B
KeKax, 4YTO XOpowo cornacyerca C AaHHbIMU
Tabnumubl 4 n noateepkaaercs POA (pucyHok 6a u
66) Mpuuem ceneH U3BNEKAETCA M3 KOHLEHTpaTa
NPaKTUYECKU  MOJIHOCTbIO  TOJIbBKO  PacTBOPOM
rMAOPOKCMAA HaTpUA C KOHUeHTpaumeii 200 r/om3. B
KeKe, Kak BMOHO W3 pUCYHKA 66, OCHOBHOE
coegMHeHue - ceneHung pTyTm, Ho o6pa3oBanoch U
HoBoe coeguHeHue - NasHg(SeOs)s. Mo gaHHbIM UK-
CNEKTPOCKoNMMM B 00OOMX KeKax OTCyTCTBYIHOT
ceneHcoepKalwme rpynmnbl, NOTOMY CMEKTPbl He
npuBOAATCS.

B consax no aaHHbIMm P®J1, cogepartca, mac. %:
25,7 Cl, 19,2 Na, 17,1 Se, 6,8 Si, 0,34 Mg, 0,42 S,
0,341, 0,02 Te, 0,035 K, 0,01 Ni, 0,035 Cu, 0,05 Zn,
0,02 Hg un Pb. Cogep:kaHMe 3N1EMEHTOB B CONSX,
noaTBep:KAaeT MU3BJIEYEHUE W3 KOHLUEHTpaTa B
pacTBOp CeNfeHa M CBMHUA. A TaKKe U KpemHus,
KOTOpbIn ecTb M B wname (1,87 mac. %) wu
KoHueHTpaTe (5,83 mac. %). B 3aBucumoctn ot
KOHUEHTPAUUN TUAPOKCHMAA HATpUA copdepkaHue
KpemMHUA B KeKax CHU3unochb ¢ 5,83 oo 3,62 mac. %
(50 r/am3®) n po 0,35 mac. % (200 r/gm®). Mo
OaHHbIM  POA B conax (pucyHkm 66 u  6r)
OCHOBHbIMM  COEAMHEHUSAMU ABAAIOTCA  X0PUA,
HaTpua (71,86 u 45,94 %) n aneMeHTHbII ceneH
(28,14 n 54,06 %). B otanune ot POA metogom UK-
CNeKTpockonun  (pucyHok  7)  obHapyKeHbl
opraHuyeckume coeguHenus: CioH16N2Os (1417,
1340, 473 cm?), CioH16N20sNas (1417, 1340, 1322,
941, 775 cm?) [33]), cynbdaT-moH (1101, 619 cm?
[26, 28]) u npeanonoxutenbHo SiO,enH,O (1101,
473 ecm* [31, 33]).

XMMUYECKUI COCTaB pPacTBOPOB ObOBACHAET
Naoxyto GUNLTPALUIO PaCcTBOPOB Ha/IMYMEM B HUX
KONIONAHON KPEeMHEBOM KUCNOTbl U KOPUYHEBDLIN
LBET — CONen HaTpuA rymmHoBbIX Bewects (I'B). B -
MHOTOOCHOBHbIE KMCNOTHI, coaepauwme
KapbOKCUNbHbIE, TMAPOKCUAbHbIE, KapbOHUAbHbIE,
a30T U cepocogepKalime rpynnbl B YrAsSX U gpyrux
npupoaHbIX obbekTax [34]. Hanuume conmn Hatpua
B B pacTBOpax 0OYyCNOBNEHO B3aMMOAENCTBMEM
yraa ¢ rugpokcMaom Hatpua [35], a nocne ux
HenTpanusaumm obpasyetca Kucnota CigHigN,Os
(3TNneHaMaMmnHTETpayKCycHan Kucnora) n
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PuUcyHOK 7 - K- cnektpbl coneli (a— 50 r/am3 NaOH, 6 - 200 r/am3 NaOH)

Tabnuua 4 - Coaep:aHue CBMHLA, Ce/IeHa U PTYTU B KOHLEHTPATEe U KEKax U CTENEHW UX U3BNeYeHUA

MpoaykT BbIXOfI, CoaepkaHune , mac.% M3BneyeHue B KekK, % ;aenequme B PacTBop o Kewy,
kexa,% Pb | se | Hg Pb | se | Hg Pb | se | Hg
KoHueHTpaT
|041 59,16 1540 |

KoHueHTpauua rmuapokenaa Hatpua - 50 r/am3
Kek-1 | 39,03 |039 [4291 [3928 [3668 |2831 9957 [6322 [71,69 |0,43

KoHLeHTpauma ruapokcnaa Hatpua - 200 r/gm3
Kek-2 | 22,67 |o46 | 2701 |6764 |2512 [1035 [99,56 | 74,88 [89,65 | 044
Ci0H1aN20sNa; (amHaTpuesasn CONb HaTpuA. OgHaKo No AaHHbIM POA aHanmza B consax,
3TUNEHANAMUHTETPAYKCYCHOM KUCIOTbI). NOJIly4YeHHbIX BbINApMBaHMWEM pPaACTBOPOB, 3TU COMMU

M3 conoctaeneHuss gaHHbix PPA  un UK-  OTCYTCTBYIOT, €CTb 3/1IEMEHTHbIN CeneH (PUCyHoK 6B 1
CMEKTPOCKOMUM MMAPOKCMAOM HATPUA U3 KOHLEHTpaTa  6r). OueBMAHO, W3MEHeHMe YCIoBWUIA MNpUBENO K
B PacTBOpP WM3B/IEKAETCA 3/IEMEHTHBIN CeNeH U CBUHeL,  TpaHchOopMaLUMKM CeneHa, COAEPrKALLEeroca B CONAX, B

no peakumam [36 - 38]: 3/1IEMEHTHOe COCTOSIHME, TaK Kak peakuus (2)
obpatnma.

3Se + 6NaOH <= 2Na,Se + Na,SeOs + 3H,0 (2) Takum obpazom, aBTOKNABHbIM
BbllLleNaYnBaHneM KOHLEHTpaTa PacTBOPOM

PbSO,4 + 4NaOH <= Nay[Pb(OH).] + Na,SO4 (3) rMAPOKCUAA HaTpMA (He 3aBUCMMO OT CoAepyKaHus) B
pacTBOpP W3B/IEKAIOTCA 3/IEMEHTHbIA CeneH, CBUHEL,

PbSO,4 + 3NaOH <= Na[Pb(OH)s] + Na,S0O4 (4) KPeMHUA W TYMMHOBble BellecTBa. M3BneyeHue

ceneHa u3 KoHueHTpata (200 r/am3 NaOH) coctasuno

B cooTBeTcTBMM C peakumelt (2) B3aumogencteue 89,65 %, 13 wiama — 88,06 % %; BbIXOZ KeKa OT Liama
3/IEMEHTHOro cefieHa npoTeKaeT ¢ obpasoBaHMem  coctaBun 4,7 %. CeneH B KeKe OCTaeTca B BuUAe
XOPOLUO PacTBOPUMbIX CONEN ceneHmaa U cenenuta  cynbdumaa ptyt. O4HAKO MpU BbICOKOM W3BEYEHWUU
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CefleHa M3 Waama B PacTBop 3TOT cnocob obnagaer
CYLLLECTBEHHbIMM HeAoCTaTKaMM: C/IOXKHas
annapaTypa, TPYAHOCTb ee O6C/Ny:KMBaHUA, Noxas
buNbTPauMA Ny/bMbl, CIOXKHbIA COCTaB pacTBopa Ans
OanbHenwwel ero nepepaboTKu.

BbiBOAbI

MpoBeaeHbl YKPYMHEHHO nabopaTtopHble
MCMbITaHMA NOMYYEHUA CEIEHOBOrO KOHUEHTpaTa u3
LW1aMa CEPHOKUC/IOTHOTO Uexa banxalwckoro megHoro
3aBoAa. NocneposaTenbHbl BbilENAYMBAHMEM LIAAMA
pactBOpamun KapboHaTa HaTpuA, a30THOW KWUCNOTbI
nepepabotaHo 2,4 Kr cyxoro Lwjiama, CoAeprKallero,
mac.% 51,17 Pb, 12,5 Se, 3,21 Hg; nonyyeHo 0,42 kr
Ce/IeHOBOro KOHLEHTpaTa coctasa, mac %: 0,41 Pb,
59,16 Se, 15,4 Hg. MNokasaTtenn,%: BbIXO4 KOHUEHTpaTa
—20,74; n3eneyenue : 0,81 Pb, 98,23 Se, 99,5 Hg.

M3 KOHUEHTpaTa, COAEPMKALLEro 3/IEMEHTHbIN
CeNleH U CefeHng, PTyTH, pacTBopamu cynbduta U

rMOPOKCMAQ  HaTpuA  BbllLE/IAuMBAETCA  TOJIbKO
3/1eMEeHTHbIN CeneH.

MoKasaTenM  BbIWENAYMBAHUA  KOHLEHTpaTa
pactBopom cynbduTa, %: BbIXOA Keka — 46,72;

u3B/ieyeHme B pacteop: 76,84 Se, 0,48 Pb, 0,04 Hg. Co
BPEMEHEM M3 PacTBOpPa 3/IEMEHTHbIN ceneH (8,04 %).

Keka — 9,69; nssneyeHune B pacrsop: 75,48 Se, 0,004
Pb, 0,04 Hg.

MNMoKasaTenu aBTOKNABHOrO  BbILLLENAYNBAHUA
KOHLIEHTpaTa pacTBOpOM ruapokcuaa Hatpua (200
r/am3), %: BbIXoA, Keka — 22,67; U3BnedyeHUe B pacTBop:
89,65 Se, 74,88 Pb, 0,44 Hg. 371 ke noKasaTenu
OTHOCUTENIbHO WNama, %: BbIxog Keka — 4,7;
nsBneyeHne B pacteop: 88,07 Se, 0,6 Pb, 0,43 Hg.
OAHaKo 3TOT MEeToh, M3-3a C/IOXKHOM KOHCTPYKLMSA
annapatypbl, TPYAHOCTM ee 0OCNYKMBAHMSA, MNJIOXOM
$unbTpauma nynbnbl, CI0XKHOMO COCTaBa pacTBopa A1
JanbHenwein nepepaboTKM, HECMOTPA Ha BbICOKME
TEXHOJIOTMYECKME MOKa3aTeNn, He npuemaem pans
peannsaumm Ha NpPaKTUKe.

Paboma  ebinonHeHa  npu  ¢uHaAHcoeol
noodepike Komumema Hayku MuHuUcmepcmea HayKu

u obpaszosaHua  pecnybauku  KazaxcmaH o
npoz2pamme «Paspabomka u peanuzauus
UHHOBAUUOHHbIX — mexHoso2uli, obecrieyusaroujux

rosbiweHue u3eneveHuss UsemmHsix, 6/1020p00HbIX,
peoKux, pedKo3eMesibHbIX Memansao8 U pewieHue
rpou3800CcMBeHHbIX 300a4 MPOMBbILUSIEHHbIX
npednpusamuli Pecriybnuku KazaxcmaH Ha 2018-2020
200b1»

KoHpnmkr uHTepecos. OT MMeHM BCeX aBTOPOB

ST e NOKasaTenn OTHOCUTENbHO LW/1ama,%: BbIXOZ,

(1]
(2]
(3]

4

(6]

KOPPECNOHAEHT aBTOp 3afAB/IAET, 4YTO KOHAMKTA
NHTEpPEeCcoB HeT.
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