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AHJIATIA

Byn marmcrpnik aumccepranysia OTaHIBIK MyHall ©HIMIEpPIHEH alibIHFaH KYpaMbIHIA
MepKanTaH 0ap Cyab(QruApuil KUHAFBIITAPABI KOJJaHa OTBIPHIN, KBIHBIP CyIb(GUATI KeHIepi
GbroTanuAIay TEXHOJIOTUSACKHIH )KETUIIIPY KapacThIpbUIaIbI.

3epTTey MIHAETTEpiHE MBIHANAP KIpedi: OTAHIBIK MYHail OHIMACpIH KahTa eHICY
KaJIIBIKTapbIHAH KYPaMbIHIa MEpKaITaH 0ap Cyinb(ruapuiili KUHAYIIBUIAPB! aITy; KYpamMbIHaa
MepKanTaH 6ap cyabGTuapuIIIi )KUHAYIIBUIAPABI KOJIIaHa OTHIPHII, KbIHBIP CYIbOUATI KeHaepi
droTanuAnay TEXHOJOTUSCHIH SKETULAIPY, TOKIpHOENiK ChIHAKTap KOHE KBIHBIP CyIb(uATi
KeHaepal (GpuoTanusuiblK OalbITyIbIH TEXHOJIOTHSUIBIK PETJaMeHTIH jKacay YIIiH OacTarKbl
nepekrepai oepy.

3eprTey OaphIChIHAA AaHAIUTUKAIIBIK 9MIICTEp KelleH1 (PEHTTeH-()IyopeceHTTl, peHTTeH-
(hazabIK, MHHEPAJIOTHSUTBIK, MUKPO3OHATHIK jkoHe MK -CrieKTpoCKONMSITBIK Tajiiaynap), COHIaii-
aK 3epTXaHajblK (IOTAUSIBIK ToXipuOenep xkypri3zinal. KypambiHga wepkantan Oap
KUHAFBIIITAPABl TAaaHy MeTalaplIbl alxy JIOpeXeciH apTTHIPYAbl KamMTaMachl3 E€TeTiHi,
KYHpBIKTapel O0ap TYCTI KOHE achlil METaJap/blH JKOFAIYyblH a3aliTyFa bIKMAJ €TeTIHl oHe
QJIBIHFaH KOHIICHTPATTap/IbIH CAIlaChIH JKaKCAPTATHIHBI aHBIKTAJIJIBI.

AHHOTAIIUA

B nanHON Maructepckod aucCCEepTAllMM  PACcCMATPUBAETCA  YCOBEPIICHCTBOBAHHE
TEXHOJIOTHU (PIIOTAIMK YHOPHBIX CYIb(PHUIHBIX PYA C MPUMEHEHHEM MEpKanTaHCOAepKaIIuX
Cynb(PruapIIbHBIX COOUpaTENel, MOTydEeHHBIX U3 OTEUECTBEHHBIX HEPTETIPOTYKTOB.

B 3amaun uccnenoBanuil BXOJAT: MOJTy4eHUE MEPKANTaHCOAEPKAIIMUX CYJIb(PruapruabHbIX
cobupareseit U3 0TXOJ0B EPEPadOTKH OTEUESCTBEHHBIX HEPTEIPOYKTOB; YCOBEPIICHCTBOBAaHUE
TEXHOJIOTUU (PIOTalMK YHOPHBIX CYyAb(UIHBIX Pyd ¢ NPUMEHEHHEM MEpKaIllTaHCOepKalluX
CynbGTUIPUIBHBIX coOuparesneil, ONbITHbIE HCIBITAHUS M BblAaya HCXOJHBIX JAHHBIX IS
COCTaBJIEHUS TEXHOJIOTMYECKOTO perjaMeHTa (IOTallMOHHOTO OO0OTalleHusi  YIOPHBIX
Cynb(OUIHBIX PYI.

B xome wuccrnenoBanuii mpoBeAEH KOMIUIEKC AaHATUTHYECKHX METOJO0B (PEHTTEHO-
(bayopecleHTHBIN, peHTreHo(a30Bbli, MHUHEPAJOTUYECKHH, MHKpO30oHAOBbIH u  HK-
CHEKTPOCKOMUYECKHI aHaJIM3bl), a TaKKe J1abopaTopHble (IOTAIMOHHBIE OMBITHL. Y CTAHOBJICHO,
YTO KCIIOJIb30BAHHE MEpKaNTaHCOAepKAIIUX coOuparesneil oGecreynBaeT NOBBIIICHUE CTEIIEHU
W3BJICYEHUS] METAJUIOB, CIIOCOOCTBYET CHIKEHHUIO MOTEPh LIBETHBIX U OJaropoAHBIX METAJIOB C
XBOCTAaMH U YITYYIIaeT Ka4eCTBO MOJIy4aeMbIX KOHIICHTPATOB.

ABSTRACT

This master's thesis examines the improvement of the technology of flotation of resistant
sulfide ores using mercaptan-containing sulfhydryl collectors obtained from domestic petroleum
products.

The research objectives include: obtaining mercaptan-containing sulfhydryl collectors
from waste from the processing of domestic petroleum products; improving the technology of
flotation of resistant sulfide ores using mercaptan-containing sulfhydryl collectors, pilot testing
and providing initial data for the preparation of technological regulations for flotation enrichment
of resistant sulfide ores.

In the course of the research, a complex of analytical methods (X-ray fluorescence, X-ray
phase, mineralogical, microprobe and IR spectroscopic analyses), as well as laboratory flotation
experiments were carried out. It has been established that the use of mercaptan-containing
collectors provides an increase in the degree o al extraction, helps reduce losses of non-ferrous
and precious metals with tailings, and improves the quality of the concentrates obtained.
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BBEJIEHUE

AKTyaJbHOCTh. B o0orarutenbHOM mpakTUKe 00ECHEYUTh BBICOKOE
M3BJICYEHUE 3EPHUCTON M TOHKOAMCIIEPCHOHN (pakuuii GIoTUpyeMOro mMarepuana
OJIHUM TUIIOM cOOMpaTesis, Kak MpaBuilo, He yaaercs. Yaiie Bcero 3To JOCTUraeTcs
WCIIOJIh30BaHUEM JIBYX BHJIOB coOMpaTesiel: KakIbld coOuparesib MPUMEHSIETCS
OTIIEJIbHO B TMOCIEI0BaTeNbHBIX CTaAusX IIpollecca, Jubo oba coOupatens
HCIIONB3YIOTCS OAHOBPEMEHHO B ONTHUMAJbHBIX COYETAHUSX, oOOecreurnBas
cuHeprernyeckuii 3pdexr [1]. OneHka cOBpEeMEHHOIO COCTOSHHUS acCOPTHMEHTA
(JIOTaIIMOHHBIX PEareHTOB M BHITIOJIHSAEMBIX B 3TOM HAIPaBICHUH WCCIETOBAHUM
MoKaszaja BOCTPEOOBAHHOCTh HOBBIX BHJOB OTEUECTBEHHBIX CEJICKTHUBHBIX
peareHTOB HaINpaBJICHHOTO JEWCTBHS M COBEPIICHCTBOBAHWUS Ha WX OCHOBE
pEareHTHhIX PEXKHUMOB, CIIOCOOHBIX OOECMEUUTh MOJYYCHHUE TOMOJHHUTEIHHOTO
o0beMa IBETHBIX U OJArOpOJAHBIX METAJIOB U COKPATUTh UX MOTEPU C XBOCTAMHU
oOorarreHus.

[IpuMeHsieMble JOMOTHUTEIBHBIE PEAreHTHl, Yallleé BCETro, HE OTIUYAIOTCS
3HAYMMBIM COOMpaTeIbHBIM 3(()EKTOM, HO B pa3bl YCHIIMBAIOT JIeHCTBHE 0A30BOTO
peareHra-cobuparesisi, 4YTO B CBOIO OYe€pelb MO3BOJISET CYHIECTBEHHO CHHU3UTH
pacxoJl TOCJEIHET0 NpPH COXPAaHCHWH, HO W OYCHb YacTO MpU YIYyUIICHUH,
OCHOBHBIX MOKa3aTeliel mpoiecca B meiaoM. [2,3]

HaubGonee u3BECTHBIMU  SIBIISIFOTCSL  pEAareHTHI-COOMpATENH, KOTOPHIE
NPEJICTABISIOT COOOM OpraHWYecKue COEAMHEHHUsS, NMPUMEHseMble TIpU (DIoTauu
st TuapodoOU3auu  MUHEPAJIOB, JIOCTUTaeMOM B pe3yJbTaTe 3aKperuieHHs
MOJIEKYJl WMJIM HOHOB coOuparens Ha UX MOBepxHocTu. HasHauenwue
ruipodoOU3aIUu - CHU3UTH 0 MUHUMYMa CMauMBaeMOCTh MUHEPAJIOB BOJIOH, T.€.
caenaTth ux TuapodhoOHBIMU. J{J11 OOJBIIMHCTBA cOOMpaTeiel XxapakTepHa CIIoKHas
acCUMMeTpHUYecKasi CTPYKTypa MOJIEKYJIbI, COCTOSIIAS U3 ABYX YaCTEH, OTIIMYHBIX 11O
CBOMM XHMHYECKUM U (PU3UKO-"XMMHUYECKHM CBOMCTBaM, — amoJIApHON U
MTOJISIPHOM.

Hear gaHHOM  MArMCTEPCKOM  JUCCEPTANMM  3aKIIOYaeTCi B
YCOBEPIIIEHCTBOBAHUM TEXHOJOTHUU (DIOTAIMK YHOPHBIX CYJIbQUAHBIX PYyId C
MPUMEHEHUEM  MEpKaNTAaHCOJIEPXKaluX  coOMparenei,  MOJYYCHHBIX U3
OTEUYECTBEHHBIX HE(PTETPOTYKTOB.

JIJ1l 1OCTHIKEHU Sl LeJIH PelIAJIUCh CIeAyolIue 3a/1a4u:

1. HccnenoBanne MHHEPAJIOTO-TEXHOJIOTHIECKUX OCOOCHHOCTEN YIIOPHOM
cynbdunaoi pyast Punnep-CokoIbHOT0 MECTOPOKICHUS.

2. Ananu3 5(pPEeKTUBHOCTH TPATUIIMOHHBIX PEATCHTOB U OTPEEICHIE X
ONTUMAJIBHBIX MTapaMEeTPOB MPUMEHEHHS.

3. Tlomyuenue u MOATOTOBKA MEPKANITAHCOAEPKAIIKUX CYIb(DTUIPHITBHBIX
coOupaTteneil Ha OCHOBE OTX0I0B HedTernepepaboTKH.

4. TlpoBeaenue cepuu 1a00PaTOPHBIX (PIIOTALIMOHHBIX UCCIEIOBAHUM C
MCIIOJIb30BaHUEM PA3JIMYHBIX COOTHOUIEHUM MEPKANTaHCOAEPKAIIUX PEareHTOB.

5. CpaBHEHHE TEXHOJOTHYECKHUX MOKa3aTeaeu (IoTalum.

6. OmpeneneHre ONTUMAIBHOTO PEAreHTHOTO PEXXUMa B pa3padoTKa

7



PEKOMEHJAIMil 10 TPHUMEHEHHUI0 MEpPKaNTaHCOAEPKAIUX coOuparenei mpu
(oTauuu ynopHeIX py.a.

Hayuynass HoBM3Ha pa0doThl. 3aKiIi0o4aeTcs B MPOBEIACHHH KOMIUIEKCHBIX
71a00paTOPHBIX HWCCIEIOBAHMM, HAIMPABICHHBIX Ha MOBBIIICHHE 3()PEKTHBHOCTH
¢oTanMoHHOTO O00OTaIIeHUsT YHOPHBIX CYAbQUIHBIX PYA C HCIOJIb30BaHUEM
MHHOBAIIMOHHOTO MEpPKaNTaHCOAEPIKAILETO HAaHOAMYJIBCHOHHOTO coOuparens,
MOJy4EHHOTO METO/IOM YJIbTPa3BYKOBOU KaBHTAIUH.

[TomyueHnHble pe3ydabTaThl JEMOHCTPHPYIOT 3HAYUTEIBHOE IMOBBIIICHHUE
3¢ (HEeKTUBHOCTH M3BICUYCHHUSI MEIM, CBUHIIA, IIMHKA U 30J10Ta MPH OJHOBPEMEHHOM
CHIDKEHMHM  pacxojga  coOupateneifl.  Takum  oOpa3omM,  HpuUMEHEHHE
MEpKaNnTaHCOIeP)KAIUX PeareHTOB MOXKET CTAaTh MEPCIICKTUBHBIM HANIPABIICHUEM B
COBEPIICHCTBOBAHWY TEXHOJOTUH (IOTAIIMN YIOPHBIX MOIUMETAIUTMUECKUX PY/I.



1 JIurepatypHsblii 0630p
1.1 KpaTkasi XapakTepuCTHKA YIOPHBIX CYJIb()PUIHBIX PYA

VYnopHble pyAbl — 3TO PYJbl, KOTOpbIE HE MOAAI0TCS 3(PPEKTUBHOMY
U3BJICYEHUIO 1EHHBIX KOMIIOHEHTOB  TpPAJMWLMOHHBIMM  METOJAMHM  M3-3a
0COOEHHOCTEW MX MUHEPATBHOIO U XMMHYECKOTO COCTaBa, CTPYKTYPhl U CTEIICHU
BKpaIJIeHUs.

VYnopubele cynb@uIHbIE pyAbl NPEACTaBISAIOT COOOM  CHOXKHBIE MO
CTPYKTYPHOMY M MHUHEPATIOTMYECKOMY CTPOCHHMIO PYJIbl, XapaKTepU3YIOIIHECs
TOHKOJIUCTIEPCHBIM PACTIPEEICHUEM LICHHBIX MUHEPAJIOB U BBICOKOM CTETIEHBIO UX
accollMalMM ¢ MycTol mopomoi. Jlyis TakuxX pyln TUNUYHBL CylIb(QUIBI Kee3a
(mupuT), apceHO-CyNbPUAbl (APCEHOMUPHUT), XANbKOIUPUT, CharepuT, rajieHuT, a
TaK)Ke BTOPOCTENEHHbIE MUHEPaJIbl (MTUPPOTHH, MApKa3UT). bolblias 4acTh EHHBIX
METaJJIOB HaxoauTcs B (opme TOHKUX BKIOYeHUH (MeHee 20 MKM), YTO
CYLIECTBEHHO CHHUXAET PAaCKPbIBAEMOCTh MMHEPAJIOB IMPU OOBIYHBIX PEKUMAX
u3MenbYeHusl. TOHKOCTh BKPAIUICHUSI, MUKPOBKIIOUEHUS U HAJUYME YIIOPHBIX (a3
(«HEBUIUMOTO» 30JI0Ta B PEUIETKE MUPUTA U APCEHOMUPUTA) JIETAIOT TaKUe PYIb
TPYJHOOOOTaTUMBIMU U IUIOXO pPEArupyrolMMH HAa TPAAUIMOHHBIE METOIbI
¢dnoranuu. MccnenoBanus Mokas3bIBalOT, YTO MOTEPH IIEHHBIX KOMIIOHEHTOB MOT'YT
nocturath 20—50 % npu UCIIONB30BaHUN CTAHJAPTHBIX PEareHTHBIX PEKUMOB, UTO
BBIBOJIUT TAaKUE€ PYJIbI B KATETOPUIO YITOPHBIX.

K Haubonee THUNMYHBIM MUHEpaJlaM, OMPEIEISIONUM  YIIOPHOCTD
CynbOUIHBIX Py, OTHOCATCS NHPUT, APCEHONHUPHUT, MUPPOTHH, XaJTbKOIMUPHT,
chanepur, TajeHUT, MapKa3UT U PpAA  BTOPUYHBIX CYiIbGuI0oB. BaxkHoi
OCOOEHHOCTBIO ATUX PYJ SBJISETCS TO, YTO 3HAUMTEIbHAS YacTh OJaropoHBIX
METAJJIOB, ME/IM WJIU IIMHKA HAXOJUTCS HE B BUJIE CAMOCTOATEIbHBIX BKIIOYCHHH, a
B COCTaBe TBEPABIX PACTBOPOB WM B MHUKPOBKIIOYEHHUSX BHYTPH CYIbQUIHON
Mmatpulbl. B yactHocTH, ycTanoBieHo, 4yTo 10 40—60 % 30510Ta B YIOPHBIX TOPOJAX
MOJKET OBITh 3aKJIIOYEHO B KPUCTAIUTUYECKON peHIETKe MUPUTa U apCEHONUPUTA, a
€ro pa3Mepsl He IPEBHIIAT 1-5 MkM [4].

CTpyKTypHBIE OCOOCHHOCTH YIOPHBIX PYJ 3aKIIOYAIOTCS B Pa3BUTON
30HAJBHOCTH, TOHKUX IPOXHIKAX, CIOXHBIX CpPOCTKaXx MHHEpAJIOB U
HEOJTHOPOJIHOM (hopme pacrpeneneHus IEHHbIX KOMIIOHEHTOB. YacTo Takue pyibl
MMEIOT TOHKO- WJIM CKPBITOKPUCTAJUIMYECKYIO CTPYKTYPY, & 36pHUCTOCTD IOJIE3HBIX
MUHEPAJIOB HE NIPEBBIIIAET HECKOJIBKUX JECATKOB MUKPOMETPOB. B Takux ycimoBusx
naxe rmyookoe mamenpuenue (1o 85-90 % kmacca —0,074 mm) HE obecreynBacT
IIOJIHOTO PACKPBITUS MUHEPAJIOB. DTO NPUBOJUT K TOMY, YTO 3HAYUTEIbHAS 4aCTh
LEHHBIX KOMIIOHEHTOB YXOAMT B XBOCTHI (PJIOTAIIUH.

Texnonmormyeckue CBOWCTBA  YNOPHBIX  CYIb(QHUAHBIX PYyId  TaKxke
OCJIOKHSIIOTCS HAJIMYMEM 3HAYUTEIBHOTO KOJMYECTBA ULUIAMOB, TIJIMHUCTBIX
MUHEpAJIOB (CEepUIUTa, KAOJHWHUTA, XJIOPUTA), TOHKHUX IUICHOK OKHUCIICHHS Ha
MOBEPXHOCTH CyJIb()HI0B, BTOPUUHBIX OKCHJIHBIX (pa3 1 KapOOHATHBIX BKIIOYEHUH.
Bcé 310 yxyamaer ancopOLHMOHHYIO CIOCOOHOCTh HMOBEPXHOCTH MHUHEPAIOB U
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cHKaeT H(P(EKTUBHOCTh B3aUMOJCHCTBUSA TPAaJULMOHHBIX coOupaTened c
CyJb(UIHBIMU YaCTULIAMH.

OcobenHo TpyaHOU sBisieTcs QuoTamusi yacTull pasmepoMm <20 MKM.
HccnenoBanusi MOKa3bIBAIOT, YTO MEJIbUANIINE YaCTHUIIbI 00JIaJal0T MOBBIIIEHHOM
IIOBEPXHOCTHOM SHEPIrUeH, CWIBHON TEHACHLUMEN K arperupoBaHHUIO, MOBBIICHHON
aacopOIeil MOAM(PUUUPYIOIIUX PpPEAareHTOB W CHMKEHHOW BEPOATHOCTHIO
CTOJKHOBEHHSI C MY3bIpbKaMH Bo3ayxa. HMeHHO mno3ToMy 3()QPEeKTUBHOCTD
¢otauum MuUKpodacTHll CHHUKaerca B 1,5-2 pa3a mo cpaBHeHHIO C Oornee
KpYIHBIMU (ppakuusmu [4].

1.2 CoBepuieHcTBOBaHUE (MIOTALMOHHBIX MPOIECCOB U ()JIOTOPEATEeHTOB

OcHoBoit skoHoMuKM Kazaxcrana SBISE€TCS TOPHOMETAILTYPTrAYECKUN
KOMILJIEKC, KOTOPBI UTPaeT BAXKHYIO, a MO Py OTpaciell — CTpaTeruyecKyro poiib
He Toibko B Kazaxcrane, HO u B mMupe. [lo m00b4e U MpoOU3BOJACTBY OTIEIbHBIX
BUJIOB MUHEPAIBHO-CBIPbEBOM MPONYKITUH (IIMHK, CBUHEI, MeJIb) KasaxcTaH BXOAUT
B JIECATKY BEAYIIUX MUPOBBIX MPOU3BOIUTEIIECH.

Kak mnpaBuiio, B TEXHOJOTHHM TOJYYCHHUS IIBETHBIX METAJIJIOB OCHOBHOM
oriepareii, Ompeaesionield CTeNeHh UX H3BJICUEHUS, SBISETCS (IOTAIMOHHOE
oOoramenue. Mcmnons3yeMble B TEXHOJOTHYECKOM ILHKIE (HIOTOPEAreHThI
IIPOU3BOJIATCA 32 pyOEKOM, UTO YCUIIMBAET UMIIOPTHYIO 3aBUCUMOCTh TOCY/1apCTBa
[5].

C npyroii CTOpOHBI, 3a11aChl BHICOKOKAYECTBEHHOTO CHIPhSI B PECITYOIHKE TO/T
OT TOJIa COKpAIIAIOTCs, BO3PACTAET A0S TPYAHOOOOraTUMBIX M HU3KOCOPTHBIX PY/I,
YTO TPUBOJUT K CHIDKEHHUIO TMOKa3aTeneidl ¢uoTaluu, a B HEKOTOPBIX CIIydasx
JIeaeT  HEBO3MOXKHBIM  HUCIOJIb30BaHUSl  TPAAMIIMOHHBIX  (KJIACCUYECKUX)
TEXHOJIOTHI 000raIeHus.

B oTO#f CcBS3M, aKkTyanbHBIM HaIlpaBiICHUEM HAYYHO-TEXHOJIOTHYECKOTO
Pa3BUTHs OTPACIH SIBISIETCS COBEPIICHCTBOBAHWE TEXHOJOTHUM OOOTaIleHUs py.
IIBETHBIX U PEIKMX METAJUIOB B IIEJIOM, & CHHTE3 HOBBIX (DJIOTOPEAareHTOB Ha OCHOBE
JNEUIEBOr0 OTEUECTBEHHOTO ChIPbSl M IMPUMEHEHUE HX B MPOLECCE H3BICUCHUS
MOJIE3HBIX MCKOIMAEMBIX - OJJMH U3 BapUAHTOB MOJEpPHHM3AIUU criocoba (uoTtaruu
[5].

Hapsiny ¢ coBepiieHCTBOBaHHEM TEXHOJIOTMYECKOTO MpoIiecca, 0coboe
BHHMAaHUE HUCCIIEIOBATEISIMU YJIENAETCS CUHTE3Y (PIIOTOpEareHToB .

B HayuyHON nuTepaType 4YacTo BCTpeHaroTCsa padOThl, MOCBSIUIEHHbIE
1e7eco00pa3HOCTH  COYETaHUS  HU3KOMOJEKYISIPHBIX  pEareHTOB,  THUIA
KCaHTOT€HATOB, C PAa3JIMYHBIMH OPraHUYECKUMU COEIUHEHUSIMU, COAECPKAIIUMU B
MOJIEKYJaX, Hapsay C MOJSAPHBIMH, aMoJISIpHbIE paguKaibl. Takue peareHThl He
SABJISIIOTCSL cOOMpaTeNsiMU, HO HMX J00aBKM K TPaAUIMOHHBIM (JoTopeareHTam
CYIIICCTBEHHO YCWJIMBAIOT coOupatenbHyio crnocooHocts [3]. K HemocraTkam
MOA0OHBIX (PJIOTOPEArEHTOB MOXHO OTHECTH JOCTATOYHO BBICOKYIO CTOUMOCTb.
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B nmnocnenHee BpeMs 3aMETHO BBIPOC HMHTEpPEC K TETEPOOPraHUYECKUM
COeMHEHUsAM HepTM B TIUIAHE WX  UCIOJB30BaHMS Mpu  (QuioTaluu
MOJINMETAJUIMYECKUX PYA. DTOMY BONPOCY paHee ObLUIM MOCBALIEHBI PaOOTHI
aBTOpa, B KOTOPBIX BIEPBbIC H3YYEHBI 3aKOHOMEPHOCTH (JIOTAMU LHHKA C
HCIIOJIb30BaHUEM CEPHUCTO - apoMaTrdeckux KoHIeHTpaToB (CAK), BbIIeIEHHBIX
DKCTPAKIUEH U3 BEICOKOCEPHHUCTON HeDTsiHON Ppakuuu [8]. laHHbIE KOHIICHTPATHI
UCIIOJIb30BAIM B KadecTBE A00AaBOK K OYyTHJIOBOMY KCAHTOI€HATy Kalus Mpu
o0oraileHny CBUHIIOBO-IIMHKOBBIX pya MectopoxaeHus "Kaiipem". YcranosineHo,
YTO  CEPHUCTO-apOMATUYECKUN  KOHIICHTpPAT MOAU(PUIUPYET TOBEPXHOCTH
chanepura. Ha moBepXHOCTHM MHUHEpaja OH UrpaeT JBOMHYIO POJIb: CIIOCOOCTBYET
ruipopoOHOMY CMAYMBAHMIO 32 CUET TOHKOW IJIEHKM OpraHuveckoil (asbl u
BBICTYIIAE€T KaK CaMOCTOATENbHBIN (rotopearent. Ha naHHbI cnoco0 moiydeH
nateHT [9]. ABTOp TakXke paccMaTpUBaeT MPUMEHEHHE JaHHBIX PEareHTOB-
cobupateneit i u3BiedeHus 01aropogHbx MeTamuion [10].

T.H. MatseeBa u H.K. ['poMoOBa B CBOMX MCCIENOBAHUSIX YICIUIN BHUMAHUE
BOIIPOCAM HCIIOJB30BAaHUS OTJEJIbHBIX IPOU3BOJHBIX MEpKalTaHa B KauyeCTBE
(doTOpeareHToB, B YAaCTHOCTH, HCCJIEAOBAIM COPOIMOHHBIE U (IOTAMOHHBIC
CBOICTBa MepkanToOeH30THa3o0ja. J[aHHBIA peareHT MCHOJb30Bajid B MpoLEecce
(oTanuu npy U3BJICYECHUU OJArOPOIHBIX METAIIJIOB U3 CJIOKHOTO ChIPhSl HA OCHOBE
nUpUTa W TUPOTHHA. YCTAaHOBJIEHO, 4YTO B coueTaHuu C ¢dochaTHBIMU
COCTaBIIIOIIMMH JaHHBIA pEareHT TMOJOKUTEIbHO 3apeKOMEHAOoBall cels B
Ka4yeCcTBEe coOMparesisi B mpoliecce celnekTuBHoM (aortarmu [11].

JlaHHO€ HampaBlieHHWE WCCIIEIOBAaHUM TOJY4YWIO pa3BUTHE M B paboTax
OTEUECTBEHHBIX YYEHBIX, KOTOpPbIE H3Y4YUJIM COCTaB HE()TH U HEPTEHPOAYKTOB
KyMkonsckoro Mmectopoxkaenus, pazpadboranu cnocod cuHTe3a (pIoTopeareHToB Ha
ux ocHoBe [12-13]. OmpenenuB psa HmapaMeTpPOB SMYJIBIHPOBAHHS CMECEH Ha
OCHOBE HEe(DTETPOAYKTOB, MOKA3aJIH, YTO MPUMEHEHNE MEXaHUIECKOTO 1 OCOOCHHO
yIBTPa3BYKOBOT'O dMYJIBIHPOBAHUSA O0ECIICYHBAET MOTYYCHUE TOHKOAMCIICPCHBIX,
OJTHOPOJHBIX TIO TPAaHYJIOMETPUYECKOMY COCTaBY M CTaOWIBHBIX SMYIbCHM,
UHTEHCU(PUIIUPYIONUX JEHCTBHE aIoJISIPHBIX coOupareneil mpu ¢GiaoTanuud U
CHIKAIOMIMX JO0 MHUHHMYMa HUX pacxoJ] Ha OOOTaTUTEIbHBIX MPEINPUATHSIX.
Pa3paboTana TexHOIOTHYECKAsT CXe€Ma M PEareHTHHIA peKuM (JIOTAllMH XBOCTOB
obOoramenus MenHbix pyn  JKeskasranckodl oOoratutenbHOM (pabpuku ¢
MPUMEHEHUEM JTaHHBIX (DJIOTOPEAreHTOB, YTO MO3BOJMIO YBEJIMYUTH M3BIICUCHUE
Menu Ha 7, 94 %.

Kpome Toro, OblIM mNOpOBENEHBI UCCIAEAOBAHUA C MCIOJIB30BAHHEM
BbICOKOCEpHUCTON HedTu MmecTopoxaeHus JKanawxon. M3yudanach BO3MOXHOCTh
MpUMEHEHUsT HePTH B CMECH C KCAaHTOT€HATOM B KadecTBe (uoTopeareHToB. B
mpoliecce WCCIeNOBAaHUN OBUIO TOKa3aHO, YTO MPUMEHEHUE cMecu HepTH
MecTopokaeHus JKaHaxos ¢ OyTHUIOBBIM KCAaHTOT€HATOM IIO3BOJIMJIO TIOBBICHUTH
CTEIICHb U3BJICYCHHS 30J10Ta U3 TEXHOTCHHOTO ChIphs Ha 4,0-5,0% [14].

Takum 00pa3oM, BCE pacCMOTPEHHbIE BapUAHTHI COBEPILICHCTBOBAHUS
nporecca (GiaoTauuMd, B TOM UHCIE€ U TMOJy4eHHUE MOAUPUIIMPOBAHHBIX
(doTOopeareHToOB, UMEIOT KaXIblii CBOM JIOCTOMHCTBA U HenocTaTku. OIHAKO 10
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CUX TOp HE BHEIPEHbl B NPOU3BOJCTBO B CHIY psia MPUYHMH: CIOKHOCTh B
UCIIOJIHEHUH, TPYJOEMKOCTh, BBICOKasi CEOECTOMMOCTb U JIp.

OTnnyuTenbHOM OCOOEHHOCTBIO NPEUIaracéMoro HaMH cIocoda SBISETCS
UCIIOJIb30BaHUE, HapsiAy C ChIpOM HEePTbIO M  KCAHTOT€HATOM  TaKXe
CEpOCOJEPIKAIIMNX OTXOJIOB INEpepadOTKH HEPTH, YTO CHHXKAET CEOECTOMMOCTH
MOJIy4aeMbIX MOJIU(PUIIMPOBAHHBIX (PIIOTOPEATEHTOB.

1.3 CoOupartean ¢paoranmu: kiaccupukanusi, CTPYKTypa ¥ MeXaHU3M
AeucTBUs

Haubonee w3BeCTHBIMU  SABJISIIOTCS  peareHThI-COOMpaTENu, KOTOpbIC
PEACTABISAIOT COOON OpraHUYeCKUEe COCAMHEHUS, MPUMEHsSIEMbIE TIPHU (PJIOTalUU
s tuapododu3auy  MUHEpAJIOB, JOCTUTAEMOM B pe3yibTaTe 3aKperUICHHS
MOJICKYJI WJIW HWOHOB coOuparenss Ha UX TOBEpXHOCTH. Ha3HaueHue
ruapodoOu3aIuy - CHU3UTh 10 MUHUMyMa CMauuBaeMOCTh MHUHEPAJIOB BOJIOH, T.€.
caenath uX rTuipo@oOHbIMU. [ GonbIIMHCTBA coOMpaTeneil xapakTepHa CI0KHas
aCMMMETpHUUECKask CTPYKTYpa MOJICKYJIbI, COCTOSIIAS U3 IBYX YaCTEH, OTJIMYHBIX 11O
CBOMM XUMHYECKUM U (PU3UKO-XUMHUYECKUM CBOMCTBAM, — arlOJISIPHOM M TIOJISIPHOM
[5].

Bmecte ¢ Tem, Oonpinas yacTe HEPTSHBIX MecTopokiaeHud Kaszaxcrana
XapakTepusyeTcs OOJIbIIUM COJIEp)KaHHEM B HEW CEpbl M CEPHUCTHIX COEAMHEHUIA.
C mno3unuii XuUMUM HEPTH - CJIOXKHAS HCKIIOUYUTEIbHO MHOTOKOMIIOHEHTHAS
B3aMMOpPACTBOpPUMAsl CMECh ra3000pa3HbIX, KUAKUX U TBEPABIX YIIIEBOJAOPOJIOB
Pa3TUYHOT0 XUMHYECKOTO CTPOCHHS C YHCIIOM YTIIepoIHbIX aToMoB 710 100 u 6omee
C TPUMECHIO TE€TEPOOPraHUYECKUX COCIMHEHUM Cephl, a30Ta, Kuciaopoia H
HEKOTOPBIX MeTaiuioB. [lockonbky HEDTh M HEPTETIPOTYKTHI MPEACTABISIOT CO00
MHOTOKOMIIOHEHTHYIO CMEChH YIJI€BOJOPOJIOB U IF€TEPOATOMHBIX COEAMHEHUM, TO
OOBIYHBIMU METOJIaMH TEPETOHKH HE YIAeTCs Pa3AeNiuTh WX HA UHIWBUIyaIbHBIC
COEIMHEHHUS CO CTPOTO OMpPEETICHHBIMU (PU3NYECKUMU KOHCTAHTAMU, B YaCTHOCTH,
TeMIEpaTypol KHUIIEHHUs TIpU OIpeaeieHHOM JaBjieHud. Haunbosiee BakHBIN
MoKaszarelb KauecTBa HE(PTH, OINPEACNAIONMA BBHIOOP MeToja TepepadoTKH,
ACCOPTUMEHT M JKCIUTyaTallMOHHBIE CBOWCTBA MONYYaeMbIX HE(PTEMPOIYKTOB, -
XUMHYECKUN COCTaB M €ro pacmpeseneHue mo gpaxmusMm. ['erepoatomubie (cepo-,
a30T- U KHUCJIOPOACOJEpKAIIME) U MUHEPAIbHbIE COCIMHEHUS, COAEp Kalllhecs B
He(TH, SIBISIFOTCSI HEXKEIATSIIbHBIMA KOMITOHEHTAMH, TTIOCKOJIBKY PE3KO YXYAIIAI0T
KaueCTBO MOJy9aeMbIX HEPTETIPOIYKTOB U OCIOKHSIIOT IEPEPadbOTKYy.

B ucxonubix (HaTUBHBIX) HEDTAX COAEPHKATCS B PA3TUIHBIX COOTHOIICHHSIX
BCE€ KJIACCHI YIJIEBOJOPOJOB, KpOME HENpeAeIbHbIX (AJIKEHOB) COEIUHEHMI:
napaduHOBBIC (aKaHBI), HAPTECHOBBIC (MMKIOATKAHBI), apOMaTHIECKHE (apEHbBI)
rubpunnsie - mnapaduHoHadTeHO-apoMaTHdeckue. [lo XuMHUUECKOMY COCTaBy
He(TH pa3TUYHBIX MECTOPOXKIECHUN BecbMa pa3Hoo0pa3Hbl. [loaTomy o0cyxkaeHue
MOXHO BECTH JIMIIb O COCTaBe, MOJIEKYJIPHOM CTPOEHMH U CBOMCTBax
«CpeTHEeCTaTUCTHUECKON» HepTHu. MeHee Bcero KojaeOaeTcsi 3JIEMEHTHBIM COCTaB
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Hedreit: 82,5-8 7 % yraepona; 11,5-14,5 % Bogopona; 0,05 - 0,35, peaxo ao 0,7 %
kuciopoaa; no 1,8 % azora u go 5,3, penxo no 10 % ceppl. O kKonmuecTBe
CEpPHHUCTBIX COEIMHEHUU B HE(THU CYIAT MO pe3yibTaTaMm ONpeJeTeHHs] 0OILIero
COJIEp>KaHMsI CEPhbl, BBIPAXXEHHOIO B TMpOILEHTaX. Takol aHamu3 sBIsSETCS
KOCBEHHBIM U HE JIa€T TOUHOTO MPEACTABICHUS O COJACPKAHUU, PACTPEAEICHUH 110
bpakuusM U MOJEKYJISIPHOU CTPYKTYpE€ CEPHUCTHIX COEJUHEHUM B HEDTH.
OpuUEHTUPOBOYHO  MOXKHO MPHUHATh, YTO KOJMYECTBO  CEPOCOJEPIKAIIUX
coenuHenuii B HepTH B 10-12 pa3 mpeBbIiaeT KOJIUYECTBO CEPBI, ONPEICICHHON 110
aHaIM3y.

Cepa saBisgercss Haubojee pacHpOCTPAHEHHBIM T€TEPOIJIEMEHTOM He(pTH U
HedrenpoaykToB. Conep:kaHue ee KoyuedaeTcst OT COThIX AoJiel 1o 5 — 6 % macc.,
pexe 1o 14 % wmacc. Huzkum copepxaHueM cepbl XapakTepusyloTcs He]TH
cnenyromux mectopoxaennit: Ozexcyarckoe (0,1 %), Cypaxanckoe (baky 0,05 %),
Hoccopckoe (Omba 0,15 %), bopucnasckoe (Ykpamna 0,24 %), Y3eHbckoe
(Manremmak 0,25 %), Typkmenus 0,27 %, Peunnkoe (bemopyccus, 0,32 %) u
Caxamunckoe (0,33-0,5 %). borarel cepocoaepkaliuMu COCAUHEHUSIMH HeDTH
VYpana, [ToBomkbs u CuOupu: KoIu4ecTBO cepbl B ApiaHckoii HedTu nocturaet 3,0
% wmacc., a B Ycrb-bansikckoii - 1,8 % macc. U3 3apy0OexHOro HauboJiee BEICOKOTO
coJiep KaHMs cepbl OTIIMYaAlOTCA HePTH MecTopoxkieHus J6aHo-Ilanyko (Mekcuka,
5,4 % wmacc.), Poy3n Iloiint (CHIA - mo 14 % wmacc.). B mocnennem ciiydae
NPAKTUYECKU BCE COCAMHEHUS HEDTHU SBISIOTCS CEPOCOICPKAIIUMH.

Pacnipenenenue cepbl 1o ¢pakuusiM 3aBUCUT OT TPHUPOABI HEPTH U THUIIA
CEpPHHUCTBIX coenuHeHud. Kak mnpaBuiio, uX coJepKaHHe YBEIUYUBAETCA OT
HU3KOKHUIISIIIUX K BBICOKOKHUIISIIIMM M JOCTUTaeT MaKCMMyMa B OCTAaTKe OT

BaKyyMHOM meperoHku HedTu - rynpoHe. B HedTH uaeHTUUIHUPOBAHBI
CJIEIYIOIINE TUIIBI CEPOCOEPKALUX COSTUHEHUM:
AJIEMEHTHAasT cepa W CEpOBOJOPOJ - HE SBISAIOTCS  HEMOCPEICTBEHHO

CEPOOPTraHNYECKUMHU COCIMHEHUSAMH, MEPKANTaHbl - THOJBI, 00JaJarolne, Kak u
CEpPOBOJIOPOJI, KUCIOTHBIMH CBONCTBAMU W HamboOjee CHIBHOW KOPPO3UOHHOMU
aKTUBHOCTHIO; anudarndeckue cyiabGuabl (THOAPUPHI)- HEUTPATbHBI IPU HU3KUX
TEMIIepaTypax, HO TEPMUYECKH MaJIO YCTOWMYMBBI M Pa3NararloTCsl PU HATPEeBAHHUH
ceeire 130-160 °C ¢ o6pa3oBaHreM CEPOBOOPOIa U MEPKANITAHOB;

MOHO- ¥ TIOJIMIIUKJIMYECKHUE CYTb(QUBI - TEPMUUYECKH HAanOOJIee yCTOWIUBEIE.

DneMeHTHasi cepa, CepOBOJOPOJ M MEPKANTaHbl KaK BECbMa arpecCHBHBIC
CEPHHCTHIC COCIUHEHUS SIBISIIOTCS HanboJee HeKeIaTeNbHONH COCTAaBHOM YacThIO
Hedtr. X He0O6X0IMMO TIOTHOCTHIO YIAJSATh B MPOIECCaX OYUCTKH BCEX TOBAPHBIX
He(TEPOTYKTOB.

B To ke BpeMs B mociegHuUE ToAbl BO MHOTUX CTpaHax MuUpa
pa3palaThIBAlOTC M MHTEHCHUBHO BHEIPSIOTCS MPOMBIILICHHbIE MPOLECCH IO
CUHTE3y CEPHHUCTHIX COCJAMHECHHM, aHAJOTUYHBIX COJEpKAMMUMCSI B HEPTH W
MMEIONIUX  OOJIbIIIYI0O  HApOJAHOXO3SMCTBEHHYIO  ILIEHHOCTh.  MepKanTaHbl
MPUMEHSIIOT JIJIi  CUHTe3a (JIOTOpPEareHToB, (oToMarepualioB, KpacuTenen
CIEIUANTBHOTO HA3HAYCHUSA, B (HapMaKOJIOTHH, KOCMETUKE W MHOTHUX JIPYTHX
obnactax. Cynabduabl caykaT KOMIOHEHTAMHU IPU CUHTE3€ KPACUTEIEH, MPOAYKTHI
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WX OKHUCIICHUS - CYJIb(POKCUIIBI, CYTh(OHBI U CYIb(OKUCIOTHI - UCMOJIB3YIOT Kak
3 PeKkTUBHBIE  SKCTpPareHThl  PEAKUX  METauioB U (DIOTOpeareHTh
MOJIMMETATUTMYECKUX PY/I.

OddexThl ucnonap30BaHus BO (uioTanuu cMeceil cobupateneil, UMEoUux
pa3Hy0 G YHKIIMOHAIBHYIO TPYIITY U/WUJIU OJIHY U TY e (YHKIIMOHAIBHYIO TPYIIILY,
HO Pa3Hylo JUIMHY YTJIEBOJIOPOIHOM 1I€TH, U3yUYaaucCh MHOTUMH UCCIIEA0OBATEIISIMHU.
B 3aBoackoil TpakTUKE YK€ HJAaBHO HCIIOJIB3YKOTCS Pa3IUYHbIE THUIIBI CMECEHN
KOJUIEKTOPOB (MOHHO-HEHMOHOTEHHbIE, aHHOHHO-KaTUOHHBIC, AHUOHHO-aHHUOHHBIE)

[15,16].

1.4 IlpumeHeHue He(PTAHBIX PeareHTOB B NMpoueccax (pJaoTauuu

N3Becten > (PEeKTUBHBIN amoONSPHBIA  CTUMYJISATOP CYIb(OTUIPUIHLHOTO
cobuparens npu GIOTAIUK [UHKCOAEPKAIIMX CYIb(PUAHBIX pyA, KOTOPBIH
npeacTaBiasier coboi  cepoapomatuueckuii  HedTsHOW KoHIeHTpaT (CAK),
uMenyro  obmyw  ¢opmyny C18.2-21.2H27.3-33N0,04-0,06S0,27-0,5 ¢
MoJIsipHOU Maccoit 260-305 [17,18].

[ToBelIEHME noKas3areseu rpouecca IICHHOU cernapanuu
aJIMa30CoJIEPXKAIIETO CBhIPbSI BO3MOXKHO 3a CcueT NpuMeHeHHs] 3(PEhEeKTUBHBIX
coOupateneil. Pe3ynbraramMu wucclieoBaHUN TMOKa3aHO, 4TO HS(P(EeKTUBHBIC
KOMIIayH/IHbIE COOMPATENH Jisi IEHHOM cenapaiy aiMa3oB MOTYT ObITh MOTYYEHBI
CMENIMBAaHUEM pa3JIMYHBIX HEPTENPOAYKTOB W He(pTH TpH BbIACPKUBAHUU
OTIPEJICTICHHBIX COOTHOIIEHUH MeX 1y 0a30BBIMH (PPAKIUSAMU JIETKUX JUCTUIUISITOB,
He(TAHBIX Macell, CMOJI U achanbTeHOB. J{Jis U3yyeHus aKTUBHOCTH KOMITAyHTHBIX
coOuparteneid ObUTM TOJATOTOBJICHBI KOMIIO3UIIMA TYTEM CMEIIMBAHMUS Ma3yTa
(bIOTCKOTO M aKTUBUPOBAHHON BOJOHE(PTAHOW IMYIBCUM PYIHUKA «Y TauHBIN»
BHD-V u pyanuka «aTepHanmonanpHbiiiy BHD-10 B pa3nuuHbIX COOTHOLIEHUSX
M OBbUTM BBITIOJIHEHB! (DIIOTAIIMOHHBIE OMBITHI C HCIOJIH30BAHMEM HX B KadecTBE
pearenra-cobuparens. Hanbonpiliee u3BiedeHne aaMa3oB B KOHIEHTPAT MEHHON
cemapanud HaOII0JaeTcs IMPH MacCOBOHM JIOJI€ JICTKUX IUCTHLIATOB 35-48 %,
HeTaubix mMacen — 32-40 % u cmonbl U acanbreHoB — 17-24 %. bnuskwmii
ONTUMAJILHOMY (PAKIIMOHHBIM COCTaB KOMIIAYHAHOTO COOUpATENsi U BBICOKOE
U3BJICYCHUE aJIMa30B B I[IEHHOW CeMapanuu JIOCTUraeTCs MpU CMEUIMBAHUU
JIU3ETFHOTO  TOIUIMBA, (IOTCKOTO Ma3yTa ©  BOJAOHE(TSHBIX OMYIBCHUH.
JIOCTUTHYTBIN yPOBEHb M3BJICUCHUS AJIMa30B B ONEpAlMU MMEHHOM Cenapanuu npu
MCITOJIb30BaHUM KOMIAYHTHOTO COOMpPATENsi HA OCHOBE BOJOHE(PTSHBIX IMYIbCUHN U
JIM3€JIbHOTO TOTUINBA npeBbIiiaeT Ha 1,1-1,5 % ypoBeHb U3BII€UEHUS, TOCTUTAEMOTO
MIPY WCTIOJB30BAHNUH B KauecTBE cobupaTens maszyTa ¢uiorckoro ®-5. [Tomyuennsie
pe3yJIbTaThl MO3BOJISIFOT ~ PEKOMEHJI0BATh KOMIayH/IHbIE cobuparenu
MPEJIOKEHHOT0 (PAKIIMOHHOTO COCTaBa ISl MOJTHOLICHHOTO M3BJICYEHUSI MEJIKUX
KJIaCCOB aJMa3OB M3 aJMa30COJAEpPKAIIMX KUMOEPIUTOB METOJOM IEHHOU
cemaparuu [19].
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Pa3paborana  MeToauka  MCCIIEIOBaHHUSI  SIBICHUS  YJIBTPa3BYKOBOU
AMyNbCUDUKALINH, TP KOTOPOU HEPTH TUCTIEPTUPYETCS B BUJIE MEJIKOM CYCIIEH3UU
B Bojie npu yacTtoTe 20 k['11. YCcTaHOBIEHO, UTO SMYJILIMPOBAHUE TPOUCXOIUT B IBE
ctaguu. Ha nmepBom sTarne u3-3a HEYCTOMYMBOCTH MEX(a3HBIX BOJH 00pa3yroTCs
Karu HedTu pasmepoM nopsjaka 70 Mxm. Ha BTOpom 3Tame 3Tu KpyIHbIEe Karuiu
MOCJIeI0BATEILHO Pa30MBAIOTCS HA MEJIKHE MyTeM KaBUTAIIMH J0 TE€X MOp, MTOKa HE
Oylner NOCTUTHYT CTaOWJIbHBIA pa3mep Kameinb. B naHHOW paboTe KpuTepuid
HEYCTOMYMBOCTH Mex(pa3HbIX BOJH pa3paboTaH Ha OCHOBE JIMHEAPU30BAHHOIO
aHaiIM3a YCTOMYMBOCTH TJIOCKOW IpaHUIbl pasjiesia HeTh-BO1a, MOJBEPTatoIIecs
aKyCTUYECKOMY BO30YKJICHHIO. XapaKTePHBIM AuaMeTp KaIljid, BOSHUKAIOUIUN B
pe3yibTate HECTaOWIBHOCTH, CBSI3aH C JUJIMHOW BOJHBI  WHIYIIUPOBAHHOTO
KanuJuisipa Ha rpanuie pasaena [20].

MoniHblil  yabTpa3ByK SIBISIETCS OJHUM M3 CIIOCOOOB MEXaHWYECKOTO
noJiydeHus dMyJibcuii. HecMoTpst Ha MHOTOYMCIICHHBIE MyOJIMKAIMK 00 OCHOBHBIX
OPUHIMIIAX ATOTO METOJa, HEJOCTATOYHO 3HAHUU O Mpolieccax HEMpPEepPbIBHOTO
yIBTPAa3BYKOBOTO SMYJBIHPOBAHUS U OCHOBHBIX TapaMeTpax, HMEIOIUX
npakTuueckoe 3HadyeHue. [IpoBeeHO cpaBHEHWE JAaHHOW CHUCTEMBI C JPYTUMH
MEXaHUYECKUMHU HMYJIBIUPYIOMUMH yCTPOHCTBAMU HEMPEPHIBHOTO JACHCTBUS.
Brnusiaue Bs3kocTH HenpephIlBHON (ha3bl Ha pa3pylIeHHE Karelb YIbTPa3ByKOM
SBJISIETCSL TIPEAMETOM 0OoJiee JETAIBHOTO HMCCIIeIOBaHUsA. BA3KOCTh HeNmpephIBHON
¢da3bl BapbupyeTcs C MOMOIIBI0O BOJOPACTBOPUMBIX CTAOUIU3aTOPOB (CHCTEMBI
«M/B») M pa3IWyYHBIX Macen (CUCTeMbl «M/H»). Ilpu MOCTOSHHOW TIUIOTHOCTH
HHEPTUU pa3Mep Kareslb yMEeHbIaeTCs Mpu J00aBIEHUU CTa0MIN3aTOPOB, TOT1a KaK
BS3KOCTh Macjia B SMYJIbCUIX «O/M» He BimsieT. KauecTBeHHbIE HCCIEIOBaHUSA
JIOKAJBHOTO paclpeiesieHuss KaBUTALMK T[OKa3ald OYeHb Malyl TiIyOuHy
NPOHUKHOBEHHUSI KAaBUTAIIMM B JKUIKOCTh. OJTO MOMUYEPKUBAET HEOOXOJAMMOCTH
COBEPIIEHCTBOBAHUS KOHCTPYKIIMM amnmapaToB JUIsl ONTUMHU3AIMHU  IpoIiecca
AMYJBrUPOBAHMS.

1.5 Xapakrepucruka Puanep-CokoJbHOT0 MeCTOPOKICHUS

OcHoBoii  kopriopauuun  OAO  «Ka3umHK», SBIAIOTCA MPEINPUATHS
Punnepckoro ropHo-oborarutenpHOro Komiuiekca. CreippeBoii 06aszoii PI'OKa
ciyxat Puanep-CokonbHoe u TummHckoe MectopoxaeHus. Punnep-CokolibHOE
MECTOPOXKJICHHE pa3padaThiBacTCsd ANTAWCKUM PYIHUKOM, CO3/IaBIIEMCS B Mae
2001 r. myrem cnusaust pynHukoB. B cocraB PI'OKa BxoasT Takxke: TummHCkui
pyIHUK, oboratuTenbHbie (PaOpUKH W PSAa BCTIOMOTATEIBHBIX IIEXOB M CIIYXO.
OTtkpbiTHe Puanepckoro MeCTOPOXKIECHHS CBSI3AHO C OCBOCHHEM MPUPOIHBIX
OoraTcTB AnTas, Ha4yajgo0 KOTOPOMY OBUIO TOJIOKeHO AkuH(bueM JleMHumoBbiM,
MPOHUKIIUM B 3TH Kpasd B nepBoil yetBepTu 18 Beka. OtkpoiTne @.Punnepom 31
Mast 1786 r. HOBOro MpHUHCKa, KaK W OOJIBIIMHCTBA aNTAaWCKUX PYAHUKOB TOTO
nepuoia, NPOU3O0IILIIO0 MO ClelaM «9yJICKUX» pa3padoToK.
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Punnep-CokonbHOE MecCTOpOKIeHHE HaxoauTcs Ha PynHom Anrtae, Ha
teppuropun Kazaxcrana. OTKpbITO MO cliejaM APEBHUX «UYICKUX pa3padOTOK» B
1784 r. u ¢ TeX mMOp NMPAKTUYECKU HEMPEPBIBHO IKCIUTyaTUPyETCs. MecTOpoKAeHUE
CBA3aHO C JEBOHCKOW 0azanbT - PHOJUTOBOM (QopMauueld U pa3Mellaercs B
npejesnax peruoHadbHOM BYJIKAHO-TEKTOHHUYECKOUW nemnpeccuu. PynoBmerniaromive
AMCCKO-3M(enbCKue  BYJKAHOT€HHO-OCAJOYHbIE  IMOPOJBI  3ajeraroT  Ha
MeTaMOppUUEeCKUX claHax HuxkHero mnaneoszos. Iloapyanas wacTe paspesa
cinoxeHa 3(PQy3UBHO-MUPOKIACTUYECKON  TONIIEH  PHUOJUTOBOTO  COCTaBa
MotHocThIO 0T 600 10 1100 M [21].

['maBHbIEe pynooOpazyroue MuHepaybl chajaepuT, TaJleHUT, XaJIbKOMUPHUT,
BTOPOCTENIEHHBIE - TETPa’JAPUT, TEHHAHTHUT, MApPKA3UT, APCEHOIHUPHUT, 30JI0TO,
cepedpo, peakue - OOPHUT, MOJTUOICHUT, AJITAUT, CAMOPOIHBIA BUCMYT, BUCMYTHH
u ap. Cpenu HepyAHBIX TPeo0Iaat0T KBapIl, KapOOHATHI, CEPUIIUT, OAPUT, XJIIOPUT.
B rutactoBo#t yacTu pyaHBIX TeJ peo0s1agatoT MaCCUBHbIE, CIOUCTHIE, MTOJIOCYAThIE,
KOJUTIOMOp(hHBIE W OpeKYUEBBIE TEKCTYpPbl; KUIBHO-IUTOKBEPKOBBIE — PYJIbI
XapaKTepU3yIOTCsl  MPOKUIKOBO-BKPAIUICHHBIMHU,  MPOKUIKOBO-TIOJIOCYATHIMH,
NS THUCTHIMHU TEKCTYPaAMHU .

Jlist uccnenoBaHui MpeACTaBIeHA HCXOAHAs Mpola MOIUMETAITUYECKUN
pyasl Punnep-CokoinbHOT0 MECTOPOKICHUS.
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2 DJKCcIepUMEHTAJIbHAS YacTh
2.100beKT uccjie10BaHUs

Jlns uccreoBaHM TIpeACTaBieHa HMCXOJHasl Mpoba MOJIMMETaNInuecKon
pynbl Punnep-CokonbHOro mecropoxaenus. Ha manHoi nmpoGe MCXOIHOU pybl
ObUIM CHENaHbl PEHTreHO-(IyOpPECIEHTHBIM, MHUKPO30HIOBbIN, XHMHYECKHH,
peHTreHo(a30Bblii U MUHEPATOTHYECKUI aHATU3bI.

2.2 PenTreHo-gniyopecueHTHbIH aHAJN3

PenTreno-¢uyopectieHTHBIHI aHaIm3 HPOBOJIICS Ha
PEHTreHO(IyOPECIIEHTHOM CIEKTPOMETpPE C BOJIHOBOM aucnepcuein Venus 200
PANalyical B.V. (PANalytycal B.V., Tommannus). Pe3ynbrathl ananuza
Ipe/CTaBlIeHbI B TabimIe 1.

Tabnuua 1 - Pe3ynabTaThl peHTreHO-(DIyOPECHEHTHOrO aHaldn3a HCXOJIHON
NoJIMMETAInYecKoi pyabl Punaep-CokoJbHOTO MECTOPOKICHUS

Compound | Concentration Status Compound | Concentration Status
formula formula
0 53,178 BgC, DC Mn 0,068 BgC, DC
Na 0,052 BgC, DC,LoR Fe 1,610 BgC, DC, LoR
Mg 1,155 BgC, DC Ni 0,010 BgC, DC
Al 4,879 BgC, DC Cu 0,139 BgC, DC
Si 32,217 BgC, DC Zn 0,276 BgC, DC
P 0,035 BgC, DC As 0,010 BgC, DC
S 0,550 BgC, DC Rb 0,006 BgC, DC
Cl 0,015 BgC, DC Sr 0,005 BgC, DC
K 1,014 BgC, DC Zr 0,010 BgC, DC
Ca 1,445 BgC, DC Ba 0,707 BgC, DC
Ti 0,307 BgC, DC Pb 0,123 BgC, DC
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[To pe3ynpTaTaM peHTreHO-(IYOPECIEHTHOTO aHallu3a B UCXOAHOU mpode
coaepxkutca 53,17 % kucnopona, 32,217 % kBapua, 1,61 % xenesza, 0,139 % menn,
0,276 % uunka, 0,123 % cBunia, 0,7 % Gapura.

2.3 PentreHogazoBblii aHAJIN3

PentrenodazoBeiii ananu3 npoBoauics Ha audpaxromerpe D8 Advance
(BRUKER), wusnyuenue Cu—Ko. PesynbraThl peHTreHO(pa30BOr0 aHaIn3a
MIPE/ICTaBIICHBI Ha pUCYyHKe | U B Tabmuie 2.

I N1
| 1 PDF 00-033-1161 Quartz, syn SO2 71,8%

| 2 PDF 00-060-1516 Muscovite-2M1 KAI2(AISI3010XOH)2 22.2%
3 POF 00-029-0701 Clinochicre-1MIIb, ferroan (Mg, Fe)6(SLANMO10(OH)8 59%

CrTyy

1A

st h
Rastch
PN

e
(R TY
A

"
secn

71 amaA
A

Fammia

Pe3ynbTaThl peHTreHo(})a30BoOro aHaM3a UCX0JHOU Mpoosl Pumiep-
CoOKOJIBHOT'O MECTOPOXKACHUS

Pucynox 1

[To pesynpTaTam peHTreHO-(pa30BOro aHaiansa B mpode coaepxkutcs 71,9 %
kBapra SiOz, 22,2 % wmyckoButa KAI(AISiz010)(OH)2, 5,9 % xmuHOXIIOpa
(Mg,Fe)e(Si,Al)4010(OH)s.  TlpuBeneHHble  pe3ynbTaThl  (Ha30BOTO  aHAIU3a
OTHOCSITCS K KPUCTAJUTMICCKOW YaCTH UCCIIeyeMOoro oopasiia.
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Tabmuma 2 - PesynapTaThl peHTreHO(}A30BOTO  aHalu3a HMCXOAHOU
MOJINMETAJUTHIeCcKoi py bl Puanep-CoKoJIBHOTO MECTOPOXKACHUS

Compound Name Formula S-Q
Quartz, syn SiO2 71,9 %
Muscovite-2M1 KAI(AISi3010)(OH); 22,2 %
Clinochlore-1MI1b, ferroan (Mg,Fe)s(Si,Al)4010(OH)s 59 %

2.4 H3yuyeHue BelleCTBEHHOI'O COCTABA NMPOOHI

N3yden BemecTBEHHBIM cocTaB HUCXoAHOW TmpoObl Punnep-CokoabHOro
MecTopokJieHnsa. Ha wu3ydeHHe BEIIECTBEHHOIO COCTaBa Mpo0 MOCTYHUII
npoOneHbIit Matepuai. M3 mpoObl M3roTOBJICH MOJMPOBAHHBIM MCKYCCTBEHHBIN
annuid (OpuKeT), MUHEPAJIOTMUECKUN aHajau3 MPOBOAMIICA HAa MHUKPOCKOIE
mapku LEICADM 2500 P. Pe3ynapTaTel MHMHEPAJIOrMYECKOTO aHAJINA3a
IpeCTaBICHBI HA pUCYHKaX 2-4.

[Ipo6a 1. IlupuT-KenThii, W30TPONHBIA MuHepan. OTMedaeTrcsi B BHJIC
HEIMPaBUJIbHBIX 3€PEH, PEIKO MEHTaroHaoAeka’ap. Pasmep 3epen cocrasnser 0,1
MM (puc. 2).

Xanpkonuputr CuFeS; o0nagaeT MCKIIOUUTETHHO XapaKTEPHBIM JIATYHHO-
KENTHIM LIBETOM, MO3BOJSIOIIMM JIETKO OTJIMYaTh €ro OT BCEX APYIHX PYAHBIX
MuHepasioB. OH UMEET BBICOKYIO OTPaXaTeIbHYIO CIIOCOOHOCTD U €/]Ba 3aMETHYIO
aHu3oTponuio. BrHyTpennue pediekcsl orcyTcTBYIOT. HaOmiomaercs B Buae
aHrenpaibHOM (QOpPMBI C U3BWIMCTBIMU OrpaHuueHusiMu. Pasmep 3epeH
coctasisieT 0,09 mm (puc.2).

lanenur - Oenblid, U30TPOMHBIN MuHEpan. OTMedaroTCsl TPEYrOJIbHUKU
BbIKpamuBaHusi. @opma - HenpaBuibHas. Pasmep 3epeH coctaBisgeT 0,125 MM
(puc. 3).

Cdaneput n30TpOIMHBIA MUHEpas, ob1amaer cepbiM BeToM. Habmrogaercs B
BUJIC aHTEeApabHON (HopMBbI O6€3 YeTKUX orpaHnyeHuil. Pasmep 3epeH coctaBiseT
0,1 MM (puc.4).
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Pucynok 3 - I'anienwnt (1) u muput (2). [Ipoda 1, yB.200

Pucynok 4 - Cdanepur (1). IIpoba 1, y.200
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HNK-cnekrpockonnuecknid  aHanu3 — nposoawics — Ha — MK-@ypee
cnekrpoMerpe «Avatar 370 Csl» B cnexkrpansHom auanasone 4000-300 cm-1 ot
npenapara B Bujie TabJIeTKU, MPUTOTOBICHHOM npeccoBaHueM 3 Mr nipoObI v 200 Mr
KBr. IlpucrtaBka nns skcnepuMmenta: Transmission E.S.P. Pesynbrater MKC-
aHanM3a UCXOAHOU MPOObI MPEICTABIECHbI HA PUCYHKE 5.

1001

901

Iporyckan He

4000 3000 2000 ' T 7 s00

Bosmoeoe uuao (owl)

Pucynok 5 - UndpakpacHbIii CrieKTp aHAIM3a UCXOIHOU MPoOBI pyasl Pumnep-
COKOJIBHOTO MECTOPOKICHHUS

Ha pucynke 5 npencraBieH nH(ppakpacHbIN CIIEKTPAIbHBIA aHAIN3 MPOOBI,
PE3yNbTaThl KOTOPOTO MOKA3bIBAIOT, UTO B MpoOe B mosiocax BcTpeuaercs: Quartz
SiO; — 1166, 1085, 798, 778, 694, 514, 471, 397, 371 cm* [15,16,17]. Muscovite
KAIL[(OH,F),| AlSis010] — 3626, 3425, 1618, 1032, 9091 cm [15, 16]. Dolomite
CaMg[COs], — 1431, 881, 729 cm [15, 16].

2.5 MuKpo30H10BbIil aHAIU3
MUKpO30HAOBBIA ~ aHAIW3  TPOBOAMICA  HA  AJICKTPOHHO-30HIOBOM

mukpoaHanmmu3aTope JXA-8230 ¢upmer JEOL. PesynbraThl aHanmsa mpeacTaBIeHbBI
Ha pUCYHKE 0.
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s 1361 5044 0.04 1610586 0.0558421 K S
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formula ms% mol% Sigma  Net K ratio

37.72 5293 0.08 2459841 0.0911842

3044 2453 0.27 900454 0.0876289

3183 2254 058 531561 00844569

100.00 100.00
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Chemical formula  ms% mol%  Sigma  Net Kratio Line Chemical formula  ms% mol% Sigma  Net Kratio Line
Si 087 1.21 0.07 189822  0.0050080 K [e] 57.11 7003 0.19 1606061 0.1512784 K
S 5581 6834  0.07 114651760.3984530 K Si 4289 2997 010 6185739 0.1723658 K
Fe 4332 3045 027 3475245 03170701 K Total 10000 100 0N
Total 100.00 100.00

a) TaJieHUT; 0) XaJIbKOMIUPUT; B) MUPHUT; T') KBAPI]

Pucynok 6 - Mukpo30H10BbIi aHann3a ucxoaHou npoosl Puaaep-CokoiabHOTrO
MECTOPOKICHUS
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OcHoBHast 4acth POM-CHMMKOB MpOW3BOJIMIACH B pexXuUME OOpaTHO
paccesHHbIX 3JeKTpoHOB (COMPO), KOTOpBII MHUHUMH3UPYET YXYyJILIEHUE
paspenieHuss U naetr Oosee KauyeCTBEHHbIE HM300paXeHHs] TAaKUX IOPOILIKOB IO
CPaBHEHHUIO C PEKUMOM HAOJIIOJEHUN CheMKHU BO BTOPUYHBIX n3o0paxeHusx (SEI).
Bo Bcex ciyvasx Habmoaenus u HakoruieHust 3 /]C-naHHbIX ObLT BBIOPAH TOK MTyYKa
nopsiaka 10 HA, oTBevaron il JOCTaTOYHOM CKOPOCTH HAaKOIUIEHUS JaHHBIX. Kpome
Toro, nenanucb POM-mukpodoTorpaduu MNOBBIIEHHOTO pPa3pelieHus] TeX Ke
Y4acTKOB, KOTOpble wucnosb3oBaiuch i JJlC-ananmmuza, POM wuzobpaxkeHus
UCXOJHON pYyJIbl, MPEACTaBISAIOIME COOOM MOHOJMTHBIE M arjoMepUpOBaHHBIE
YaCTHIIbI, @ TAKKE MEJIKOIUCTIEPCHBIE YACTULIbI MUKPOHHOT'O MacIiTada.

Ha pucynkax 6 u 7, npeacraBiieH MUKPOCHUMOK MCXOAHOM pynbl Puanep-
COKOJIBHOTO MECTOPOKIEHHUS Ha JEKTPOHHO-30HI0BOM MHUKpoaHanu3atope JXA-
8230 ¢upmsl JEOL wu3 koTtoporo BHJHO, YTO pyJa XapaKTEpPU3YeTCs TOHKOU
BKPAaIUICHHOCTBIO MEIW, CBUHIA W LHMHKA B MHUHEpalbl IyCTOM MOpPOABI M
HEJOCTATOYHOMN CTENEHBIO U3MEIbUCHHUS PYIbI.

- 100pm JEOL 12/22/2023
20.0kV COMPO NOR WD 11.lmm 11:51:23

Pucynok 7 - Mukpo30HA10BbIY aHaIM3a UCX01HOM npoOsl Punnep-CoxonbHOTO
MECTOPOKIACHUS

[lo pe3ynpTaTamM XUMHUYECKOTO aHAJM3a B HCXOMHOW mpobe Pumnep-
CoxonbHoro mectopoxaeHus coaepxurcs 0,18 % csunna, 0,35 % nunka, 0,12 %
menu, 2,03 % xenesa, 1,4 - 1,36 /T 30o10ta u 3,43 1/T cepedpa.

2.6 I'pany1ioMeTpUYeCKUI aHAJIN3 UCXOTHOMH MPOOBI

[IpoBeneH TpaHyJIOMETPUYECKHN aHAIW3 MCXOJHOW MPOOBI, Pe3yJbTaThl
IpeACTaBICHBI B Ta0IMIE 3 ¥ Ha pUCYHKE 8.
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Tabnuua 3 — Pe3ynbTaThl IpaHyIOMETPUUYECKOIO aHAIN3a MUCXOJHOU pyIbl

Punnep-CokoJIbHOTO MECTOPOKICHUS

Beixog, CymmapHsIi BeIxo1, %
Kitacceel kpynHOCTH, MM % [Tnroc (+) Mumnyc (-)
+1,6 MM 2,62 2,62 97,38
-1,6 +1,0 MM 6,56 9,18 90,82
-1,0 + 0,5 Mmm 28,82 38 62
-0,5+ 0,2 MM 31,68 69,68 30,32
-0,2 + 0,1 Mmm 9,48 79,16 20,84
-0,1 +0,071 mm 9,94 89,1 10,9
-0,071 + 0,04 Mmm 10,06 99,16 0,84
-0,04 + 0 Mmm 0,84 100 0
120
= 100 el
2
= 80
[na]
=
= 60
&
@_* 40
220
o 2
0 —0
0 0,5 1,5 2

=l

1
Krnacc xpymHOCTH, MM

PucyHok 8 - Pe3ynbTaThl rpaHyJIOMETPUUYECKOTO aHAIM3a UCXOHOM PY/IbI
Punnep-CokosbHOTO MECTOPOKICHUS

1) kmacc — 0,071 mm; 2) kimace +0,071 mm

Pe3ynbpTaThl TpaHyJIOMETPHUYECKOrO aHaanu3a MCXOIHOM PYAbI MOKA3bIBAIOT,
4TO pyJa SBISICTCS TOHKO BKPAIJICHHOM, OOJIbIIAs YacTh MOJIE3HBIX KOMIIOHEHTOB
ot 69,38% 1o 99,16 % cocpenoroueHa B kimaccax ot -0,5+0,2 mm go -0,071+0,04
MM, PyJa OTHOCUTCS K YIOPHBIM PyaM.
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2.7 OTpaGoTKa ONTHUMAJBHBIX NAPAMETPOB (JIOTALMOHHOT 0
o0orameHusi YNOPHbIX CyJdb(PUAHBIX pPyd ¢ NPUMEHEHHEM TPAJUIHOHHBIX

codupareJie

B kadecTBe 00beKTa MCCIEIOBAHUM HCTIOJB30BaHA UCXOAHAs pyna Punnep-
CokonibHOTO MecTopoxeHus. [IpoBeleH CHUTOBOWM aHalU3 HMCXOJHOW TMPOOHI,
pe3yabTaThl IpeACTaBICHbI B Tabnuax 4 -5 u Ha pucyHke 9.

Tabmuma 4 — Pe3ynbraThl CHUTOBOIO aHaM3a WCXOIHOW pynbl Pummep-
COKOJIBHOTO MECTOPOKIACHHUS

BBIXOLL, CymMapHbIit BBIXOT, %
Knaccsl kpynHOCTH, MM % itoc (+) MHHYC (-)
0,071 mm 29,58 29,58 70,42
0,04 Mmm 16,76 46,34 53,66
0,02 MM 13,92 60,26 39,74
0 Mmm 39,74 100 0
100
© 80 1
g 60
§ 40 2
A 20
0 o

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

o

Knacc xpynaoctu, Mmm

PucyHok 9 - Pe3ynbTraThl CHTOBOTO aHaiIu3a UCXOAHOU pyasl Punaep-CokoibHOro
MECTOPOKICHUS

Pe3ynbTaTel cuTOBOrO aHamm3za HMCXOAHOM mpoOsl Pummep-CokxonbHOTO
MECTOPOXKJICHUS TOKA3bIBAIOT, UTO OCHOBHAsl 4acTh METAJIOB COCPEIOTOYCHA B
knaccax kpynHoctu -0,071 + 0,04 mwm; -0,044 + 0,02 mMm. IlogrotoBka pyabl K
HCCJIEIOBAaHUSM BKIIIOYAIa U3MEJIbYEHHUE Ha mapoBou MesbHuULe 40 MJI-00011C.
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Tabnuua 5 — PacnpeneneHue METaIOB MO KJAccaM KPYMHOCTU UCXOJHOMU

pyzbl Punnep-CoKoIBHOTO MECTOPOKIAEHUS

Knaccel Brixon, % Conepxanue, % u 1/1

KPYITHOCTHL, MM Cu Pb Zn Fe Au Ag
+0,071 29,.58 0,08 0,03 0,231 |161 1 3,02
-0,071+0,04 16,76 0,18 0,12 0,507 |1,87 2,1 3,5
-0,04 + 0,02 13,92 0,22 0,23 0,559 |2,23 2,8 4,7
-0,02+0 39,74 0,11 0,16 0,305 |2,23 0,47 3,3
Hcxonnas pyna 100 0,13 0,12 0,35 1,98 1,22 3,44
Kiaccer Brixon, % Pacnipenenenwue, % u r/t

PRAEREEE Cu Pb Zn Fe AU | Ag
+0,071 29,58 18,44 | 7,07 19,39 | 23,98 24,16 | 25,93
-0,071+0,04 16,76 23,52 | 16,16 24,11 | 15,78 28,75 | 17,03
-0,04 + 0,02 13,92 23,91 | 25,72 22,09 | 15,63 31,84 | 18,99
-0,02+0 39,74 34,14 | 51,05 34,41 | 44,62 15,25 | 38,06
Hcxonnas pyna 100 100 100 100 100 100 100

N3ydyena kuHETHKAa HW3MEIbYEHUA HUCXOAHOW pyasl Punnep-CokojbHOTO
MectopoxaeHus mo kimaccam -0,02; - 0,044 u - 0,071 MM Ge3 u3MeNbUeHUS U C
u3MenpueHueM. M3MenbueHrne UCXOIHOW pyAbl TPOBOAMIOCH OT 15 10 45 MUHYT.
Jlns mabopaToOpHOTO OIpeIeNIeHUS U3MEIIbYaeMOCTH UCXOIHAS pyAa U3MEIbYallach
B JIa0OpaTOPHOM MIapOBON MeNbHHUIIE. Pe3ypTaThl MpecTaBiIeHbl Ha pucyHKax 10
u 11, B Tabmurie 6.

100

o O

8
6
4
20\_//

0 0.01

Brixon , %
o

0.02 0.03

Knacc kpynHoctu, MM

0.04 0.05 0.06 0.07 0.08

Pucynok 10 - Kunetuka ucxogHoil pyisl 6€3 usmeabueHust
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Tabnuia 6 - Pe3ynbTaThl KHHETUKHU U3MEIbYaEMOCTH UCXOTHOM pyabl Punep-
COKOJIBHOTO MECTOPOKIACHHUS

Bpewms, Knacc xpynnoctu, Mmm
MUH. - 0,071 + 0,071 - 0,044 + 0,044
0 21,56 78,44 16,64 83,36
15 59,66 40,34 44,98 55,02
30 91,74 8,26 70,32 29,68
45 94,1 59 75,2 24,8
100
ol
80 52
X
= 60
2
& 40
20
0

0 5 10 15 20 25 30 35 40 45 50

Bpewms, MunyT

Pucynok 11- Kunetuka uzmenb4aeMoCTH UCX0AHOU pyibl Puaaep-CokoiabHOTro
MECTOPOXKICHHUSI

1 — xnacc - 0,071 mm; 2 — knacce - 0,044 mm

OnTumanbHOE U3MENbUCHHE UCXOTHBIX Py cocTaBisuio 70 % xiacca - 0,071
MM.

2.8 JlabopaTopHble Hccae0BaHUS 10 (GJIOTAIIMU YIIOPHOH CYJIb(UIHOI
pyabl Punnep-Coko1bHOT0 MeCTOPOXKAEHU S

HccnenoBanwus o ¢hiotanuu MpoBeeHBl Ha Ta00PATOPHBIX (PIIOTAIMOHHBIX
Mamuaax OMJI-1,5; ®MIJI-1, DMIJI-2 ¢ o6beMoM doTarmoHHBIX Kamep 1,5; 0,75;
0,5 om°.

[IpoBenena oTpaboTKa peareHTHOro pexuma  (GIoTaluu  YHOPHBIX
cynbpuanbix pyn Punnep-CokojlbHOr0 MECTOPOXKACHUSI C MPUMEHEHUEM 0a30BbIX
peareHToB. OrnpejieneH ONTUMAIbHBIN PEXUM U3MENbUueHUs. BbIOpaHbl pacxobl
0a30BbIX PEareHTOB.
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[IpoBenensl wuccienoBanus 1o (IOTaLUU YHOPHOM CYIb(OUIHON pPYAbI
Punnep-CokobHOTO MECTOPOXKICHUS IO 0a30BOM MPSAMOUN KOJUIEKTUBHOM CXEMe.
N3menbuenue ncxoqnou pyasl cocrasisiino 70 % knacca -0,071 mm. KonnektuBHoM
LIUKI COCTOSJI U3 OCHOBHOM M KOHTPOJIBHOM (PJIOTalMu M JBYX MEPEYUCTOK
KOJUIEKTUBHOTO  MEJHO-CBHHIIOBO-LIMHKOBOTO  KOHIIEHTpata. B  ocHOBHYIO
KOJUIEKTUBHYIO (pJIOTALIMIO MTOIABAIM PETYISATOP CPeabl — U3BECTh A co3aanus pH
= 8,5 -9, )KuaKoe CTeKIo AJis JeNPEeCCUH MUPUTA U IMyCTOM MOPOJIbl, cOOMpaTep -
OyTWJIOBBI KCaHTOT€HAT HaTpus U a’poduior, meHooOpaszoBatens - T-80. B
KOHTPOJBbHYIO KOJJIEKTUBHYIO (PJIOTAIMIO TOAaBaJId COOUpATENb U BCIEHUBATENb, B
NEPEUNCTKH - KHUAKOE CTEKJIO MJid JACNPEecCUd IycTol mnopoabl. Pe3ynbrathl
¢norauun  TpyaHooboratumoit  Puanep-CokonpHOil  pynbl  mo  6a30BOMY
pEareHTHOMY PeKUMY Mpe/ICTaBIeHbI B Ta0MuUIEe 7 1 Ha pucyHke 12.

Pyna

Hamensaenne — 70 % QI

pH = 8,5-9
Na2SiOs - 300r/t
Kx-120 1/t
Aspoduor -100 r/T
T-80-25r1/t

v

Cu-Pb —Zn-Fe ¢umor. -12/

Na2SiO3 —200 r/T Kx - 40r/t
Asp.- 201/T
M T-80 — 15 r/r
I- mepeuncthas ¢ior.- 5 v
. ' Kourposasnas daor.- 57
NaSiO3 —100 l A

] =,
ll- nepeuncrras ¢aor.- 5 [Tpom. mpoy .1 l

A

y

OTB. XBOCTBHI.
Ilen. mpoxykT

[Ipom. ipox .2

KomnekTuBHEIN
KOHIIEHTpAT

Pucynok 12- TexHonorndeckas cxema U peareHTHBIN pexuM (IoTaIuu
pyasl Punnep - COkOMbHOT0 MECTOPOKIACHHUS
[IpoBeneHbl wuccienoBaHUg MO ONPEACIICHUIO ONTUMAIBHOIO pacxonaa
OyTWJI0BOrOo KcaHToreHata Hatpus. Pacxon BapwsupoBasics ot 140 mo 180 r/T. B
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pe3yabTaTe MPOBEIACHHBIX UCCIIEIOBAHMI MOKa3aHO, YTO ONTUMAIbLHBIM PacXxo0M
06a3zoBoro cobuparens — OyTHWIOBOro kcantoreHara sipisercs 160 r/t1. Ilpu stom
MOJTY4Y€H KOJUIEKTUBHBIA KOHIIEHTPAT C cojiep:kanuem meau 2,213 %, ceunua 2,1 %,
uuaka 4,92 % wu 3o0no0ta 21,1 r/T. V3BleueHHe KOJJIEKTUBHOIO KOHIIEHTpaTa
coctapnsio: meau 88,10 %, ceunna 73,93 %, nunka 82,88 % u 30m0ta 82,80 %.

Takum o0pa3om, TpaJAMIIMOHHBIE METO/AbI OOoramieHus OeqHOW yHmopHOU
Cyab(UIHON pyAbl HE B NOJHOM Mepe O00eCleunMBalOT JOCTATOYHYIO CTENEHb
pa3lelieHus] U BBICOKOE W3BJICUEHUS TOJIE3HBIX KOMIIOHEHTOB M TPHUBOIAT K
3HAUYUTENIbHBIM TIOTEPSIM I[BETHBIX U OJIArOPOJHBIX METAJIOB, a KadyeCTBO
MOJIy4ae€MbIX KOHIIEHTPATOB 3a4acTyl0 HE COOTBETCTBYET TpeOOBaHUSAM JIs
MOCJICTYIOIIETO TEXHOJIOTMYECKOT0 Mpoliecca.

B cBsi3u ¢ 3TUM MHHOBAIMOHHBIM PEIICHUEM MOBBIIICHUSI CEJICKTUBHOCTHU
daoranuu  ABISIETCS pa3paboTKa HOBBIX CYJIbGTUAPWIBHBIX coOupaTenei ¢
(GyHKIIMOHAIBHBIMY TPYIIIIaMH, CIIOCOOHBIMU HM30MPATEIIBHO aJICOPOUPOBATLCSA HA
MOBEPXHOCTH MHUHEPAJIOB, HM3MEHITh KOHTPACTHOCTh XHUMHUYECKOTO COCTaBa
MOBEPXHOCTH W YJIy4IIaTh (PIOTAIIMOHHBIE CBOMCTBA MUHEPAJIBHBIX KOMILJIEKCOB.
Kpome Toro, cunte3 u mpuMeHeHne HOBBIX (hJIOTOPEareHTOB MOTYT CIIOCOOCTBOBATH
3aMeHEe TOKCHYHBIX PEareHTOB KOJIOTHYECKH YUCTBIMH MJIM MEHEE TOKCUYHBIMH.
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Tabnuia 7 - Pe3ynbTatsl Quiotanuu ucxoquou pyasl Punaep-CokolbHOTO MECTOPOKICHHS C TTOIyYeHUEM

KOJJICKTUBHOI'O KOHICHTpATa

Haspanme Brixoy, Conepxanue, % u 1/1 UsBneuenne, % u r/T VY CIIOBHS
IIPOYKTOB % Cu Pb Zn Fe Au Cu Pb Zn Fe Au OIIBITOB
KoiexTtuB. KOHII. 5,48 2,91 2,084 5,2 13,171 22 90,66 | 66,47 | 84,79 | 33,95 | 81,14
1 nepeuncrka 16,46 | 0,033 | 0,081 | 0,056 | 1,696 | 0,13 | 3,09 | 7,76 | 2,74 | 1313 | 1,44
2 nepeuncrka 6,38 | 0,061 | 0,115 | 0,112 | 2,017 | 3,7 221 | 427 | 213 | 6,05 | 1589 | Basommii pesunm
KOHIL KOHTD. 87 | 0,031 | 0,106 | 0,204 | 1,018 | 0,16 | 153 | 537 | 528 | 7,85 | 0,94 Aggngl‘}gg/:h
OTB. XBOCTHI 62,98 | 0,007 | 0,044 | 0,027 | 1,317 | 0,014 | 251 | 16,13 | 506 | 39,02 | 0,59 T-80 — 40 /1
Vcxosmas pyia 100 018 | 017 | 034 | 2,13 | 1,49 100 | 100 | 100 | 100 | 100
KOJLIEKTHB. KOHLL. 56 |2213] 21 | 492 [ 10,79 211 |8810] 73,93 | 82,88 27,85 | 82,80
1 nepedncrka 17,04 | 0,028 | 0,068 | 0,056 | 1,432 | 033 | 339 | 7,28 | 2,87 | 1125 | 3,94
2 mepevncTKa 41 0067 | 0137 | 0122 | 1604 | 093 | 195 | 353 | 150 | 3,03 | 267 | Busopurii pesun
KOHLL. KOHTP. 6,82 | 0,028 | 0,083 | 0,395 | 0,894 | 056 | 1,36 | 356 | 810 | 281 | 2,68 bre —160 /1
Aspod.— 120 r/T
OTB. XBOCTbI 66,45 | 0,011 | 0,028 | 0,023 | 1,798 | 0,17 | 520 | 11,70 | 4,64 | 5506 | 7,92 T-80 — 40 /1
Vcxonuas py/a 100 | 014 | 016 | 033 | 2,17 | 1,43 | 100 | 100 | 100 | 100 | 100
KosmnexkTus.koHL. | 4,3 296 | 2742 | 54 |[12487| 232 | 89,12 | 68,02 | 81,03 | 20,23 | 81,51 | basossiii pexcum
1 mepeuncrka 17,44 | 0,026 | 0,02 | 007 | 1,794 | 025 | 317 | 10,26 | 4,26 | 11,79 | 3,56 Aflf,‘gqj__lﬁ%/ﬁh
2 mepeuncTka 486 | 0066 | 0,095 | 0,123 | 2,44 | 036 | 2,25 | 2,66 | 2,09 | 4,47 | 1,43 T-80 -40r/r
KoHi11. KoHTp. 9,18 0,029 | 0,094 | 0,219 | 1,891 0,4 1,86 4,98 7,02 | 6,54 | 3,00
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IIpoodoncenue mabauywr 7

Ot1B. XBOCTEI

64,22

0,008

0,038

0,025

2,354

0,2

3,60

14,08

5,60

56,97

10,49

Ucxonnas pyna

100

0,14

0,17

0,29

2,65

1,22

100

100

100

100

100

31




2.9 OrtpaboTka ONTHUMAJBHBIX TEXHOJOIMYECKMX IMAapaMeTpPoOB
(proTanoHHOr0 00OrameHus ynopHou cyiabGpuIHoi pyabl ¢ NIPUMEHEHHEM
MepKaNnTaAHCOAePKALIUX codupaTesei

[IpoBeneHa oTpaboTKa peareHTHOro pexuMa (HIOTAMU  YIMOPHBIX
cynbbuaablx pya Punnep-CoKoapHOTO MECTOPOXKIACHUS C TMPUMEHEHHEM
MepKaITaH-CoJIepKallluX coOuparenel, Ha OCHOBE OTXO/0B He(pTenepepadoTKu.
BeiOpanbsl Tpu pa3HBIX COOTHOIICHHUS OyTHJIOBOTO KCAaHTOT€HAaTa HATpUi C
MepKanTaH-coepKauM pearentoM: 1:1; 1:2; 1:3.

Hccnenoanwst o GuioTauu MpoBEACHBI Ha TAOOPATOPHBIX (PIIOTAITHOHHBIX
MamuHax ®MJI-1,5; OMJI-1, ®MIJI-2 ¢ obbemom (uioTaniuoHHbIX Kamep 1,5;
0,75; 0,5 mm3.

Cxema ¢nortanmuu ymnopHod cynbdumHoit pyasl Punaep-CokoiabHOTO
MECTOPOXACHHUS C TIOJYYeHHEM KOJUICKTUBHOTO KOHIIGHTpaTa BKJIOYaa
U3MEJIbUCHUE, OCHOBHYIO, KOHTPOJIBHYIO (UIOTallMd ¥ JBE MEPEUYHUCTKH
KOJIJICKTUBHOTO MEIHO-CBHHIIOBO-IIMHKOBOTO KOHIIEHTpaTa (PUCYHOK 13).

Pyga- 5001

Hzmensaenne — 70 % O

pH=859
Na:§1Q: - 300r/T
BKG:M - 100 r/t
Aspodaor -80 /'t
T-80-25r/t
Cu-Pb —Zn-Fe daot. -12
- BK&M - 40T
Na:§iQ: -200 r/t l Ap= 2017
T-80-15r/T
I — mepeuncTHag daor.- 5
1 KontponsHas gaor.- 5°
Na:§;Q: =100 r/'t 1 P
II- nepeancrHas door.- 5 Ilpoy. mpoa .1 i
# i OTE. XBOCTEL
Ilen. mpoavykT
v Hpoy, mpoa -2
KoniekTHEHBIH
KOHIIEHTpaT

Pucynok 13- TexHomoru4eckasi cxema M peareHTHBIA peXuM (HIoTauu
pyabl Punnep - COkonbHOTO MECTOPOKACHUS
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B kauecTBe peareHTOB MPUMEHSIIIUCh U3BECTh, KUJIKOE CTEKIIO, adpo(dJIoT,
nenooobpazoBateiab T-80 W KOMIO3UIMU OYTHUIOBOTO KCAaHTOr€HaTa HATpUsl C
MEpKalTaH CcoJAepXkalluM (QIOTOpeareHTOM B3aMeH 0a30BOro coOupartens.
[IpoBenena paboTa MO OMPEACIICHUIO ONTUMAJIBLHOIO pacxoaa OyTHUIOBOTO
kcanroreHara Hatpus (bKc) ¢ Mepkanran-comepkamum pearentom (M) mpu
Pa3HBIX COOTHOIIECHUSX C MOJIyYEHUEM YEPHOBOTO KOJUIEKTUBHOTO KOHIICHTPATA,
COJIepIKalllero MeJb, CBUHEI], IIMHK U 30JI0TO.

Jna  momydeHus — yCTOMYMBOM  OMYJIBCUM  MEpKalTaHCOAEpPKallun
coOupatenp mnepen (iaoTanue NoaBepraju yiubTPa3ByKOBOMl 00paboTke Ha
ynbTpa3BykoBoM armmapare «JY99-Ultrasonic Homogenizer» (Kutaii) B Teuenue
35 munyt c yactotoi 25 xlu. I[IpoBemeHbl wucciaegoBaHUs MO MOAOOPY
ONTUMAJIBLHOTO pacxojla ASMYJIbCUU OYTUIOBOTO KCaHTOIE€HAaTa C OTXOJ0M
He(DTEPOTYKTOB Kenkusikckoro MECTOPOXKICHUS npu dbnoTanuu
TPYJTHOOOOTaTUMBIX MOJTMMETATUYECKUX pyn Punnep-CoxonbpHOro
mectopoxkaenus. Pacxon cmecu peareHtoB BapbupoBasics oT 100 mo 140 r/t.
PesynbTatel Guiotanmu npeactariaeHbl B Tabaunax 8-10.

B Ttabnunie 8 mnpeactaBieHbl pe3yabTaThl PabOTHl MO  OMNpPESICHHUIO
ONTUMAJIBLHOTO Pacxo/ja MEepKanTaH-CoAePKaIlero peareHTa — CMecH OyTHIIOBOTO
KCaHTOre€HaTa HaTpUs U MepKamnTaHa B cooTHoIIeHuu 1:1. B nukie kKouieKTuBHOM
¢doTanu MoOKa3aHO, YTO ONTHMAIBHBIM PACcXOJOM MEpKalTaH-CoAep KaIIero
cobuparens sBisercs pacxon 120 rv/r. Ilpm »>TOM moONdydeH UYEpHOBOM
KOJUICKTUBHBIM KOHIIGHTPAT C coaepkanueMm, %: menu — 3,45; cpunHna - 2,79;
nuHka — 7,04 u 3o50ta — 27,1 1/1, npu uzBnedenueM meau 90,15 %, ceunna 70,14
%, nunka 81,21 % u 3omota 90,67 %. MepkantancoaepKamiuii coonparteab mpu
MEHBbIIIeM pacxo/ie (TT0 CPaBHEHHUIO ¢ CyMMapHBIM pacxoioM 160 r/T OyTHIOBOTO
KCaHTOT'€HATa) MO3BOJISET MOBBICUTH COJIEp>)KaHUE MEIM B KOHIIEHTpaTe Ha 1,237
%, muaka Ha 2,12 %, 30m0Ta Ha 6 I/T W U3BICYCHHE MEIUM M 30JI0Ta
cooTBeTcTBeHHO, Ha 2,05 u 7,87 %.

N3 Ttabmunbl 9 BHUJHO, YTO ¢ MPUMEHEHHEM MEPKAITaHCOIEePKAIIETro
cobuparens MpU COOTHOIIEHWH 1:2, mpu onTuMalbHOM pacxoae 120 1/, 1o
CPaBHEHHIO C OYTWUJIOBBIM KCAHTOI'€HATOM HATpUs, W3BJICUYCHUE MEIU B
KOJIJIGKTHBHOM KOHIIEHTpaTe noBskImmaercs Ha 2,06 % (c 88,10 10 90,16 %); cBuHIIa
Ha 6,5 % (c 73,93 no 80,40 %); nunka Ha 1,48 % (c 82,88 no 84,36 %) u 30J70Ta
Ha 3,6 % (c 82,80 no 86,40 %); comgepkaHrue MeIM B YEPHOBOM KOJUIEKTHBHOM
KOHIIeHTparte yBennuuBaetcs Ha 1,42 % (c 2,213 no 3,64 %), cBunna Ha 1,36 % (c
2,1 no 3,46 %); nuaka Ha 3,4 % (¢ 4,92 no 8,32 %) u 3omota Ha 9,2 /T (¢ 21,1 MO
30,3 1/T) mpu 3TOM pacxoj peareHTa ymeHbmaercs Ha 40 1/T.

AHaJIOTUYHBIC PE3yJbTaThl C TPUMEHEHHEM MEpPKaNTaHCOASPKaIIEeTo
coOupatenss mpu cooTHomieHnu 1:3, mpu ontuManbHOM pacxomge 120 r/T,
npusenieHbl B Tabiuie 10. [lpu cpaBHeHnn ¢ OyTHIOBBIM KCAaHTOTCHATOM HATPHS
M3BJICUCHHE MEIM B YEPHOBOM KOJUICKTMBHOM KOHIICHTpaTe IMOBBIMIaeTCA Ha 2,1
% (c 88,10 10 90,20 %); cBunma Ha 4,51 % (c 73,93 no 78,44 %); uunka Ha 7,14
% (c 82,88 1o 90,02 %) u 3010Ta Ha 4,67 % (¢ 82,80 no 87,47 %); conepxkaHue
MeJI1 B YePHOBOM KOJUIEKTUBHOM KOHIIEHTpaTe yBenuuuBaercs Ha 1,31 % (¢ 2,213
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10 3,53 %), ceunna Ha 0,7 % (c 2,1 1o 2,8 %); nuaka Ha 2,68 % (c 4,92 no 7,6 %)
u 30710t1a Ha 6,1 r/1 (¢ 21,1 g0 27,2 r/T) npu 3TOM pacxoi peareHTa yMEHbIIAeTCs
Ha 40 r/T.
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Tabnuia 8 - Pe3ynabTathl Guiotaruu cyabQuaHoN pyabl ¢ IPUMEHEHHUEM COOTHOIIEHUS OYTUIOBOTO KCAHTOT€HATA HATPUSI U

Mepkanrtana 1:1

Conepxanwue, % u 1/T

WsBneuenne, % u r/t

Hazpanne Brrxon, YceaoBus
MIPOIYKTOB % Cu Pb Zn Fe Au Cu Pb Zn Fe Au OTIBITOB

KoiexTtuB. KOHII. 49 2,75 2,2 5,51 8,41 21 88,84 68,82 | 80,45 23,37 86,60

I nepeuncrxa 166 | 0,033 | 0,078 | 0,051 | 1,581 | 0,22 | 361 | 827 | 252 | 1488 | 3,07

2 nepeuncrka 6,14 | 0,061 | 0,104 | 0,092 | 1,814 | 0068 | 247 | 408 | 1,68 | 632 | 035 | BKc:M-11
KOHIL KOHTD. 398 | 0,056 | 0,123 | 0,555 | 3,811 | 1,26 | 1,47 | 3,13 | 6,58 | 860 | 4722 AB;.l_O?ZF(/)TF/T
OTB. XBOCTHI 68,38 | 0,008 | 0,036 | 0,043 | 1,208 | 01 | 361 | 1571 | 8,76 | 4684 | 575 | T-80_40r/r
VicxoaHas pysia 100 | 015 | 016 | 034 | 176 | 119 | 100 | 100 | 100 | 100 | 100

KomnexkTus.koHII. 4 3,45 2,79 7,04 12,97 27,1 90,15 | 70,14 | 81,21 29,78 90,67

| nepeuncrka 174 | 0,033 | 0,061 | 0,051 | 1,491 | 0,086 | 3,75 | 6,67 | 2,56 | 1489 | 1,25

2 nepeancTxa 506 | 0,064 | 0,102 | 0,108 | 2,018 | 0,182 | 2,12 | 3,24 | 1,58 | 586 | 0,77

Ko, koHTp. 494 | 004 | 0087 | 0450 | 2386 | 038 | 129 | 270 | 654 | 677 | 157 | PR ML
OTB. XBOCTEI 68,6 | 0,006 | 004 | 0,041 | 1,084 | 01 | 2,69 | 17,25 | 811 | 42,69 | 574 | Aop.— 1201/
Vcxommas pysa 100 | 015 | 016 | 035 | 174 | 120 | 100 | 100 | 100 | 100 | oo | 1 80-40rr
Komextns.xonm. | 4,36 | 2,98 | 248 | 583 | 1052 | 21,5 | 88,75 | 66,28 | 80,02 | 2569 | 86,07

[ mepeancTa 141 | 003 | 0,087 | 0,059 | 1,885 | 02 | 289 | 7,52 | 2,62 | 1489 | 2,59

2 nepeancrxa 512 | 0,072 | 0102 | 0,113 | 2,193 | 018 | 252 | 320 | 182 | 629 | 0,85

KOHIL. KOHT. 728 | 0,032 | 0,088 | 0279 | 2,439 | 062 | 159 | 393 | 639 | 995 | 414 Blfcli‘g’lrtil
OTB. XBOCTEI 69,14 | 0,000 | 0,045 | 0,042 | 1,115 | 01 | 425 | 1907 | 9,14 | 4318 | 635 | Aop.— 1201/t
Vicxomas py/ia 100 | 015 | 016 | 032 | 179 | 109 | 100 | 100 | 100 | 100 | 100 | '80-40wr
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Tabnuia 9 - PesynabTathl Giotanuu cyabQuaHol pyabl ¢ IPUMEHEHHUEM COOTHOIIEHUS OYTUIOBOTO KCAHTOT€HATA HATPUS U

Mepkanrana 1:2

Conepxanue, % u /T

WsBneuenne, % u r/t

Hazpanne Brrxon, YceaoBus
MIPOIYKTOB % Cu Pb Zn Fe Au Cu Pb Zn Fe Au OTIBITOB

KomnekTuB. KOHIL. 3,58 3,61 2,9 7,17 14,54 28,4 92,44 73,01 | 84,20 | 27,47 88,20

| niepeuncria 16,8 | 0,023 | 0,08 | 0,062 | 1,766 | 024 | 2,76 | 9,45 | 342 | 1566 | 3,50

2 mepevncTKa 3,62 0,068 | 0,086 0,119 2,331 0,34 1,76 2,19 1,41 4,45 1,07 BKc : M -1:2
KOHIL KOHTD. 368 | 0,076 | 0,102 | 03 | 2,129 | 0,3 200 | 2,64 | 362 | 413 0,96 AB;.l_O?ZF(/)TF/T
OTB. XBOCTBI 72,32 | 0,002 | 0,025 | 0,031 | 1,265 | 0,1 | 1,03 | 12,71 | 7,35 | 4828 | 6,27 T-80 — 40 1/t
Ucxommas pysa 100 | 014 | 014 | 030 | 1,89 | 1,05 | 100 | 100 | 100 | 100 100

KosiexTuB. KOHIL. 3,5 3,64 3,461 8,322 | 13,166 30,3 90,16 80,40 | 84,36 | 24,73 86,40

| epedncTka 14,96 | 0,034 | 0,081 | 007 | 2,033 | 042 | 360 | 804 | 303 | 1632 | 512

2 nepeuncrka 434 | 0085 | 0,109 | 0,15 | 2,367 | 056 | 261 | 314 | 1,89 | 551 | 1,98

Ko, koHTp. 334 | 0043 0092 | 018 | 366 | 062 | 102 | 204 | 174 | 65 | 169 | PR ML?
OTB. XBOCTHI 73,86 | 0,005 | 0,013 | 0,042 | 1,183 | 0,08 | 261 | 6,37 | 898 | 4688 | 481 | Asp.— 1201/t
Vcxommas pysa 100 | 014 | 015 | 035 | 186 | 123 | 100 | 100 | 100 | 100 | 100 T-80-40r/r
Komtextns.xont. | 4,96 3 21 | 553 | 11,57 | 256 | 90,13 | 70,14 | 81,20 | 31,69 | 87,90

I nepeuncrka 18,96 | 0,028 | 0,07 | 006 | 1,702 | 0,38 | 3,22 | 894 | 337 | 17,82 | 499

2 nepedncrka 6,82 | 006 | 0,065 | 0,103 | 2,146 | 0,36 | 2,48 | 2,99 | 2,08 | 808 | 1,70

KOHIL KOHTP. 2,98 | 0,058 | 0,093 | 0,045 | 2,146 | 04 | 1,05 | 1,87 | 040 | 353 | 083 Blfcli‘g’[rtiz
OTB. XBOCTHI 66,28 |0,0078 | 0,036 | 0,066 | 1,062 | 0,1 | 3,13 | 16,07 | 1295 | 38,87 | 459 | Asp.—120r/r
Vicxomas py/ia 100 | 017 | 015 | 034 | 18 | 144 | 100 | 100 | 100 | 100 | 100 T-80 40 o/
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Ta6muia 10 - Pe3ynbratsl hsiotanuu cyabGUaHON pyabl ¢ IPUMEHEHUEM COOTHOILICHUSI OYTUIIOBOTO KCAaHTOr€HATa HATPUs

u MepkanTaHa 1:3

Conepxanwue, % u 1/T

WsBneuenne, % u r/t

Hazpanne Brrxon, YceaoBus
MIPOLYKTOB % Cu Pb Zn Fe Au Cu Pb Zn Fe Au OIIBITOB
Komrexrms.xont, | 582 | 2,743 | 1,695 | 5,707 | 7,015 | 26,3 | 90,13 | 78,40 | 80,79 | 2522 | 87,33
I nepeuncrxa 16,42 | 0,035 | 0,059 | 0,066 | 1,552 | 05 | 324 | 7,70 | 2,64 | 13,95 | 468
2 nepeuncrka 56 | 0,059 | 0,129 | 0,098 | 1,997 | 12 | 187 | 574 | 133 | 612 | 383 BKc : M -1:3
KOHIL KOHTD. 342 | 0,106 | 0,079 | 0,344 | 3,18 | 052 | 2,05 | 215 | 2,86 | 596 | 1,01 AB;.l_O?ZF(/)TF/T
OTB. XBOCTHI 68,74 | 0,007 | 0,011 | 0,074 | 1,295 | 008 | 272 | 601 | 12,37 | 48,74 | 314 | T-80_40r/r
VicxoaHas pysia 100 | 018 | 013 | 041 | 18 | 175 | 100 | 100 | 100 | 1200 | 100
KomnexkTus.koHII. 4,66 3,53 2,8 7,6 7,985 27,2 90,20 78,44 | 90,02 | 15,52 87,47
I nepeuncrxa 17,32 | 0,031 | 0,113 | 0072 | 1,812 | 048 | 2,94 | 11,77 | 317 | 13,09 | 5,74
2 nepeuncrka 62 | 006 | 0,097 | 0,062 | 3594 | 065 | 204 | 362 | 008 | 929 | 278
Ko, koHTp. 376 | 0089 | 005 | 0248 | 2784 | 046 | 183 | 127 | 237 | 437 | 119 | PReIMLS
OTB. XBOCTHI 68,06 | 0,008 | 0,012 | 0,02 | 2034 | 006 | 209 | 491 | 346 | 57,73 | 282 | Asp.— 1201/
Vcxommas pysa 100 | 018 | 017 | 039 | 240 | 145 | 100 | 100 | 100 | 100 | 100 T-80-40r/r
Kowrekru.xont, | 4,86 | 3,056 | 2,3 | 553 | 8305 | 252 | 8821 | 76,46 | 81,52 | 17,45 | 8443
[ nepeuncrxa 183 | 0,045 | 0,089 | 0,085 | 2,3 | 0458 | 489 | 11,14 | 472 | 1819 | 578
2 nepeuncrka 5 0,095 | 0,116 | 0,153 | 3435 | 1,154 | 2,82 | 397 | 232 | 742 | 3,98
KoHIL, KOHTD. 346 | 0,06 | 0,119 | 0,537 | 3,286 | 0,798 | 123 | 2,82 | 564 | 491 | 190 Blfcli‘g’[r;f?’
OTB. XBOCTEI 68,38 | 0,007 | 0,012 | 0,028 | 1,76 | 0083 | 2,84 | 561 | 581 | 5202 | 391 | Aop.—120r/r
Vicxomas py/ia 100 | 017 | 015 | 033 | 23L | 145 | 100 | 100 | 100 | 100 | 100 T-80 40 o/
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2.10 YcoBepuieHCTBOBaHME TEXHOJIOTUH (JIOTALIMOHHOIO 000raleHU S
ynopHoii cyiabpuaHOil pyAbl € NpPUMEHEHHEM  CYJb(PruApHIbHBIX
MepKanTaHcoAepKalux coonparesaei

[IpoBenena oTpaboTka YCOBEPIIEHCTBOBAHHOIO PEAreHTHOTO PEeXHUMa
¢notauuu TPyaHOOOOTaTUMON MOJUMETAJUIMYECKON YIOPHOU Cylb(PUAHON PyAbI
Punnep-CokoJbHOTO MECTOPOXKACHUSI C MPUMEHEHHUEM MEpKaNTaHCOACPKaIlero
cobuparers.

MepkanTaHcoaepkaiye cobuparenu MOTYT COJIepKaTh
MUKPOIMYJIBCUOHHBIE TY3BIPBKH CEPOCOASPKAIINX OPraHUuYECKUX COSTUHECHUM
He(TSIHOW MpUPOABL. DTO CYIIECTBEHHO NOBBICUT 3(PGEKTUBHOCTH (rioTanuu
CyJIb(QUIHBIX MUHEPAJIIOB MEH, CBUHIIA, IIMHKA U 30JI0TA.

Panee HamMu yCTaHOBJIEHO, YTO ONTHUMaJIbHBIM BapUAHTOM JJISl TTOJYYCHUS
MEpKanTaH-COJIepXkKaIIero coouparesisi sIBISETCS CMECh PEareHTOB: MeEpKallTaH
OyTtunoBbiit kcanToreHat = 1:1 u 1:2. JlaHHOE COOTHOIIIEHUE OBLIO B3STO 32 OCHOBY
npu GopmMupoBaHUU cMecel. B kauecTBe 00bEeKTa HCCIICIOBaHMS HA JAHHOM JTarie
BbIOpaHa CMECh HCXOJHOW HETH, CepOCOACPKAIIECTO MPOIYKTa U KCAHTOTeHATa,
MOJIYYEHHOTO B Tporiecce ourcTky HepTu. Cymma ucxoaHou HepTH U MepKanTaHa
coctanisiia 1. I3sMensun conepkanre OyTHIOBOTO KCAHTOT€HATA.

MepkanTaHcoaepKaiuii cooupaTeiab MOJYYUIU Ha OCHOBE CMeCH He(Th :
MEpKaIlTaH : KCaHToreHar mnpu cootHomieHuu 0,8:0,2:1. Pe3ynbTaThl UCCae10BaHUN
npuBeneHsl B Tabmuue 11. Pacxom wmepkamTaH-conepkaiiero coOupaTess
BapeupoBajcs or 100 mo 140 r/t. B pe3ynbTaTe MCClIeIOBaHUIN MMOKa3aHO, YTO C
IpUMEHEHHEM MepKalTaHcojepkaliero coouparens npu cootnomenun 0,8:0,2:1
OBLJIO MOYYEHO:

- nmpu pacxome 100 r/T — YEpHOBOM KOJJIEKTHBHOW KOHIIGHTpPAT C
cogepkanuem meau 2,8 % npu usBinedeHun 91,86 %, cunma 2,6 % 1pu
u3BneueHnu 81,31 %, muaka 5,85 % mnpu uzsneuenuu 89,04 % u 3omota 22,12 /T
npu u3BieueHuu 87,76 %o;

- mpu pacxome 120 r/T — YEpHOBOM KOJJIEKTHBHOM KOHIIGHTpPAT C
cogepkanuem menu 3,34 % npu usBiedenuun 91,15 %, cBunma 2,59 npu
u3BieueHuu 75,77 %, munka 6,32 % npu u3Bneuenun 85,07 % u 3o0m0Ta 26,2 1/T
npu u3BieueHuu 87,86 %o;

- npu pacxoge 140 r/T — 4YEpHOBOW KOJUIGKTUBHOM KOHIIEHTpAT C
coaepxanuem menu 2,81 % npu uzBiaeuenun 91,87 %, cBunma 2,94 % npu
m3BieueHuu 77,95 %, muaka 5,68 % npu m3Bneuenun 83,51 % m 3omota 21,0 /T
nipu u3Bneuenuu 83,39 %.

AHanu3 MOJYyYEHHBIX JJaHHBIX CBUJIETEIIBCTBYET, YTO C MPUMEHEHUEM
MEpKaITaHCOAepKaIIero cobupatens, mpu ontumaibHoM pacxonxe 100 r/t, mo
CPaBHEHHIO C OYTWUJIOBBIM KCAHTOT€HATOM, H3BICUEHHE MEIW B YEPHOBOM
KOJIJIEGKTHBHOM KOHIIEHTpaTe moBbIaercs Ha 3,76 % (¢ 88,10 g0 91,86 %); cBuHIIa
Ha 7,38 % (¢ 73,93 no 81,31 %); nmuuka Ha 6,16 % (c 82,88 10 89,04 %) u 3050Ta
Ha 4,96 % (c 82,80 mo 87,76 %); conmepkaHue MEIW, CBUHIIA, IIMHKA U 30JI0TAa B
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YEPHOBOM KOJIJIEKTUBHOM KOHIIEHTPATE OCTACTCS HA TOM € YPOBHE, HO IIPU ATOM
pacxo]l peareHTa ymeHblaercst Ha 60 r/T.
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Tabmuma 11 - Pe3ynbratsl pnotanuu cyiabGUAHON pyabl ¢ IPUMEHEHUEM KOMIO3UIIUKM C COOTHOIIIEHUEM UCXOAHast He(PTh:

MEpKanTaHCOAEPKANNA NMPOAYKT : KcaHToreHat = 0,8:0,2:1.

fi?aiii BBD;ZH’ Conepxanwue, % u 1/T UsBneuenne, % u r/T VOB
oAy Cu Pb Zn Fe Al Cu Pb Zn Fe Al

OIIBITOB
KOJILTEKTHB. KOHIL. 6 28 | 2,64 | 585 | 9,798 | 22,12 | 91,86 | 81,31 | 89,04 | 28,37 | 87,76
1 mepedncTka 20,21 | 0,031 | 0,068 | 0,102 | 1,985 | 0024 | 343 | 7,05 | 523 | 19,36 | 3,21 S

. . C -
2 mepeuncTka 6,68 | 0,062 | 0,089 | 0,019 | 2,31 | 058 | 2,26 | 3,05 | 032 | 745 | 2,56 0.8:0.2:1.
KOHIL KOHTP. 3,9 005 | 0,056 | 045 | 2,703 | 024 | 1,07 | 1,12 | 445 | 509 | 062 — 100 r/T

Aspo.— 120 r/T

OTB. XBOCTHI 63,21 | 0,004 | 0,023 | 0,006 | 1,303 | 0,14 | 1,38 | 7,46 | 0,96 | 39,74 | 5,85 T-80 — 40 r/
Vicxommas pyna 100 018 | 019 | 039 | 207 | 151 100 100 | 100 | 100 100
KomnexkTus.koHII. 5 3,34 2,598 6,32 9,343 26,2 91,15 75,57 | 85,07 | 21,73 87,86
| mepeuncTka 17,62 | 0,042 | 0,081 | 0,068 | 1,823 | 026 | 4,04 | 830 | 3,23 | 1494 | 3,07 M BK

. . C -
2 mepeuncTKa 852 | 0,063 | 0,123 | 0,102 | 2,703 | 0,49 | 2,93 | 6,10 | 2,34 | 10,71 | 2,80 0,8:0,2:1.

— 120 /T
KOHIL KOHTp. 386 | 0039 | 0093 [ 0312 | 2995 | 057 | 082 [ 209 | 324 [ 538 | 148 | OO
OTB. XBOCTHI 65 0,003 | 0,021 | 0,035 | 1563 | 0,11 | 1,06 | 7,94 | 612 | 47,25 | 4380 T-80 — 40 v/t
Vicxoamas pyna 100 018 | 0,17 | 037 | 215 | 1,49 100 100 | 100 | 100 100
KosnekTus.komi, | 5,4 281 | 2,94 | 568 | 6,753 21 91,87 | 77,95 | 83,51 | 18,42 | 83,39
| mepeuncTKa 182 | 0,031 | 0,063 | 0,076 | 2,05 | 046 | 342 | 563 | 3,77 | 18,85 | 6,16
2 mepeuncTKa 692 | 0068 | 012 | 011 | 2,345 | 058 | 2,85 | 408 | 2,07 | 820 | 2,95 H: M: BKc -
KoHI, KOHTD. 382 | 0,029 | 0,108 | 0,302 | 4168 | 061 | 067 | 203 | 314 | 804 | 171 gﬁfozr/lT
OTB. XBOCTHI 6566 | 0,003 | 0,032 | 0042 | 1,402 | 0,12 | 1,19 | 10,32 | 7,51 | 4650 | 579 | Aspod.— 120 r/r
Vicxoaras pyna 100 017 | 020 | 037 | 1,98 | 1,36 100 100 | 100 | 100 100 T-80 40 o/
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Tabnuua 12 — CpaBHUTENBHBIE PE3YNBTATHI (PIIOTALMM CYIBOUIHON PYAbl C IPUMEHEHUEM MEPKANTaHCOAEPKAILETO

cobuparens
rf;i?;;;ii BLD:)ZH, Conepsxanue, % ¥ r/T UsBneuenne, % u r/t N O—
Cu Pb Zn Fe Au Cu Pb Zn Fe Au OLILITOR
1 2 3 4 5 6 7 8 9 10 | 11 12 13

KomnexkTus.xoHI1I. 5,6 2,213 2,1 4,92 10,79 21,1 88,10 73,93 | 82,88 | 27,85 82,80

I nepeuncrxa 17,04 | 0,028 | 0,068 | 0,056 | 1,432 | 033 | 339 | 7,28 | 287 | 11,25 | 3,94

2 nepeuncTa 41 | 0067 | 0,137 | 0,122 | 1,604 | 093 | 1,95 | 353 | 150 | 3,03 | 2,67

KOHIL KOHTD. 6,82 | 0,028 | 0,083 | 0,395 | 0,894 | 056 | 1036 | 356 | 810 | 2,81 | 268 B*}‘;SCB?P"II P
OTB. XBOCTHI 6645 | 0,011 | 0,028 | 0023 | 1,798 | 017 | 520 | 11,70 | 4,64 | 5506 | 7,92 | Aspod.— 120r/
Vcxomas pysa 100 | 014 | 016 | 033 | 217 | 143 | 100 | 100 | 100 | 100 | 100 T-80 40 v/r
KomnexkTus.KoHII. 4 3,45 2,79 7,04 12,97 27,1 90,15 70,14 | 81,21 | 29,78 90,67

I nepeuncrxa 17,4 | 0,033 | 0,061 | 0,051 | 1,491 | 0,086 | 3,75 | 667 | 2,56 | 1489 | 125

2 nepeuncrka 506 | 0,064 | 0,102 | 0,108 | 2,018 | 0,182 | 212 | 324 | 158 | 586 | 0,7

KOHIL, KOHTD. 494 | 004 | 0,087 | 0459 | 2,386 | 038 | 129 | 270 | 654 | 677 | 157 Blfcl‘zl(\)’[r'/izl
OTB. XBOCTHI 686 | 0,006 | 004 | 0,041 | 1,084 | 01 | 269 | 17,25 | 811 | 42,69 | 574 | Asp.—120r/x
VicxoaHan py/ia 100 | 015 | 016 | 035 | 174 | 120 | 100 | 100 | 1200 | 100 | 100 T-80—40r/r
Komrextms.xonm. | 3,5 | 3,64 | 3,461 | 8,322 | 13,166 | 30,3 | 90,16 | 80,40 | 84,36 | 24,73 | 86,40

[ nepeuncrxa 1496 | 0,034 | 0,081 | 007 | 2,033 | 042 | 360 | 804 | 3038 | 1632 | 512

2 nepeuncrka 434 | 0085 | 0,109 | 0,15 | 2,367 | 056 | 261 | 314 | 189 | 551 | 1098

KoHIL, KOHTD. 334 | 0,043 | 0092 | 0,18 | 366 | 062 | 102 | 204 | 1,74 | 656 | 169 Blfclizl(\fr'/iiz
OTB. XBOCTH 7386 | 0,005 | 0,013 | 0,042 | 1,183 | 008 | 2,61 | 6,37 | 898 | 46,88 | 48L | Aop.— 1201/t
Vicxommas pysa 100 | 014 | 015 | 035 | 186 | 123 | 100 | 100 | 100 | 100 | 100 T-80 - 40w/t
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IIpoooncenue mabauyor 12

1 2 3 2 5 6 7 8 9 | 10 | 1 12 13
KoiexTtuB. KOHII. 4,66 3,53 2,8 7,6 7,985 27,2 90,20 78,44 | 90,02 | 15,52 87,47

I nepeurcTka 1732 | 0,081 | 0113 | 0072 | 1,812 | 048 | 294 | 11,77 | 317 | 1309 | 574

2 nepeuncTxa 62 | 006 | 0007 | 0062 | 3504 | 065 | 204 | 362 | 098 | 929 | 278 | . .. .
Komt, KomHTp. 376 | 0,089 | 0,056 | 0,248 | 2,784 | 046 | 183 | 127 | 237 | 437 | 119 120/
OTB. XBOCTHI 68,06 | 0,008 | 0012 | 002 | 2034 | 006 | 299 | 491 | 346 | 57,73 | 282 | 4oh—lnr
Vcxomsas pyxa | 100 | 048 | 017 | 039 | 240 | 145 | 100 | 100 | 100 | 100 | 100

Konextwsxonm. | 5 | 3,34 | 2598 | 632 | 9343 | 26,2 | 91,15 | /557 | 8507 | 21,73 | 87,86

I nepeurcTxa 1762 | 0,042 | 0,081 | 0068 | 1,823 | 026 | 404 | 830 | 3,23 | 1494 | 307

2 nepeuncTka 852 | 0,063 | 0,123 | 0,102 | 2,703 | 049 | 2,93 | 6,10 | 234 | 10,71 | 280 HOyOBzKlC -
Komt, KoHTp. 386 | 0,039 | 0093 | 0,312 | 2995 | 057 | 082 | 209 | 324 | 538 | 148 120 v/
OTB. XBOCTHI 65 | 0003 | 0021 | 0035 | 1563 | 0AL | 106 | 794 | 612 | 47,05 | 480 | Apob— 20m
Wexommasnpyxa | 100 | 048 | 047 | 037 | 215 | 1,49 | 100 | 100 | 100 | 100 | 100
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SAKVIIOYEHUE

B pe3ynbTaTte BBINONHEHUSI MAarUCTEPCKOM quccepTalvu ObUTH JOCTUTHYTHI
MOCTABJICHHBIC LI€JIM U YCIIEUTHO PEIICHBI CIEAYIONIHE 3a]auu:

1 W3ydeH BelIECTBEHHBIH COCTAB MOJMMETAUIMYECKON pynbl Pumnep-
CokonpHOro MecTopokeHust. I[lo pesynbratram peHTreHO-(IyopeCcleHTHOTO
aHanM3a B MCXOAHOM mpobe pyasl conepxutcs 53,078 % kucnopona, 32,217 %
kBapia, 1,61 % sxenesa, 0,139 % menu, 0,276 % uunka, 0,123 % cunma, 0,7 %
6apurta. Ilo pe3ynbpTaTaM peHTreHO-(pa30BOT0 aHaau3a B npoode coaepxutcs 71,9 %
kBapia SiOz, 22,2 % wmyckoButa KAl (AISi3010)(OH)2, 5,9 % xauHOXIOpa
(Mg,Fe)s(Si,Al)4010(OH)s.  TlpuBenennble  pe3ynbrathl  (Ha30BOr0  aHaIu3a
OTHOCSITCSL K KPHUCTAJUIMYECKOM wYacTu wucciaeayemoro obOpasua. [lo maHHBIM
MUHEPAJIOTUUECKOTO aHAJIU3a B PYJIE COJAEpkKaTCs CIEAYIONMe PyAHbIE MUHEPABI.
[Tuput B BUJE HENMPaBWIBHBIX 3€PEH, PEAKO MEHTArOHI0JEKadaAp, pa3Mep 3epeH
cocrapiger 0,1 wmm. Xanpkonuputr oOJaZaeT BBICOKOM  OTpakaTeabHOMU
CIIOCOOHOCTBIO M MMEEeT €liBa 3aMETHYI aHu3oTponuto. HaOmromaercs B Buje
aHTeApaIbHON (OPMBI ¢ U3BWIMCTHIMU OTpaHUYEHUSIMH. Pasmep 3epeH cocTaBiisieT
0,09 wmm. Tamenur, oTMeyaroTCs TPEYroJbHUKM BBIKpAlIMBaHUS, QopMa
HerpaBUiibHas, pa3mep 3epeH coctaiser 0,125 mm. Cdanepur, aHreapaibHOM
(dbopMbI 6€3 YeTKUX OrpaHUYeHUM, pa3mep 3epeH coctaniseT 0,1 mm.

2 [lpoBeneH rpaHyIOMETPUYECKUN aHAIM3 KOTOPBIN MOKa3ai, 4yTo OoJbIias
4acTh MOJIE3HBIX KOMIIOHEHTOB OT 69,38 10 99,16 % cocpenoroueHa B kjiaccax orT -
0,5+0,2 mm g0 -0,071+0,04 MM, pyaa OTHOCUTCS K YHOPHBIM py1aM. XUMUYECKUAM
aHaNMM3 TOKa3zall, YTO B HCCIENyeMON MpoOe HUCXOAHOW CYIb(OUIHON pPYIBI
coaepxutca 0,18 % cBunia, 0,35 % muuka, 0,12 % menu, 2,03 % xenesa, 1,36 - 1,4
r/T 3071012 1 3,43 /T cepebpa.

3 OtpaboTaH peareHTHBIH peXuUM (GIIOTAMKM YIIOPHOU CYIb(UIHON PYIIbI
Punnep-CokonbHOTO MECTOPOXKIEHUS C TNPUMEHEHHEM 0a30BbIX pPEareHTOB.
Onpenenen onTtuManbHbI pexum uaMenbueHus - 70 % kmacca -0,071 mm. B
KayecTBe 0a30BOT0 peareHTa, B OCHOBHYIO KOJUIEKTUBHYIO (DIOTAIMIO TMOJAaBAIIH
pEryisTOp Ccpeabl u3BeCTh, sl co3manus pH = 8,5-9, xuakoe crekno ans
JIENIPECCUH TUPUTA U ITyCTOU MOPOIbI, COOMpaTeTh OYyTHIOBBIN KCAHTOTEHAT HATPHUS
u aspoduioT, meHooOpazoBatensb T-80. B KOHTPOIbHYIO KOJJIEKTUBHYIO (DIIOTAIIHIO
nojaBajd coOOMpaTellb U BCIEHUBATENIb, B MEPEYUCTKU KUJIKOE CTEKJIO s
Jenpeccur TycTod mopoasl. B onTumansHOM 6a30BoM  pekuMe  (pacxon
OytunoBoro kcantorenara 130 T1/T) mondydeH KOJUICKTMBHBIA KOHIICHTPAT C
coaepxxanuem meau 2,37 %, ceunna 2,0 %, uunka 4,92 %, xenesa 9,74 %, 3o5ota
22,06 r/T. 3BNneyeHne B KOJISKTUBHBIA KOHIIEHTpAT coctaBmio: mean 90,18 %,
ceuHIa 79,26 %, muaka 88,96 %, xeine3a 39,22 %, 3o010Ta 86,64 %.

4 OtpaboTaH peareHTHBIN pexuM (QIIOTAIUN YIIOPHOU CYIb(PUIHONU PYIBI C
MPUMEHEHUEM MEpPKaNTaHCOEeP)KAIIEero coOupaTenst Mpu COOTHOIIEHUH 1:2, mpu
onTUMaibHOM pacxoae 120 r/T, mo cpaBHEHHUIO C OYyTHUJIOBBIM KCAaHTOT€HATOM
HATpHsl, U3BJIICYEHNE MEIU B KOJUIEKTUBHOM KOHLEHTpaTe noBbimaercs Ha 2,06 %
(c 88,10 10 90,16 %); cBunua Ha 6,5 % (c 73,93 no 80,40 %); uunka Ha 1,48 % (c
82,88 no 84,36 %) u 3o0mota Ha 3,6 % (¢ 82,80 mo 86,40 %); comepkaHue MeIH B
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YEepHOBOM KOJJIEKTUBHOM KOHIIEHTpaTe yBennuuBaetrcs Ha 1,42 % (¢ 2,213 no 3,64
%), ceunma Ha 1,36 % (c 2,1 go 3,46 %); nunka Ha 3.4 % (¢ 4,92 10 8,32 %) u
3o10ta Ha 9,2 /T (¢ 21,1 o 30,3 1/T) mpu 3TOM pacxo]l peareHTa yMEHbIIAeTCs Ha
40 r/T.

5 JlocTHTHYTBHI BBICOKHE TEXHOJIOTHYECKHE TOKa3aTead C TPUMCHCHHEM
Mepkanrtancoaepxkaniero coouparens (0,8:0,2:1), mpu ontumansHoM pacxozae 100
/T, IO CPaBHEHWIO ¢ OYTHIIOBBIM KCAaHTOT'C€HATOM, M3BJICUYCHHE MEIH B YEPHOBOM
KOJUICKTUBHOM KOHIIEHTpaTe nosbimaercs Ha 3,76 % (¢ 88,10 go 91,86 %); cBuHIa
Ha 7,38 % (¢ 73,93 no 81,31 %); nmunaka Ha 6,16 % (¢ 82,88 mo 89,04 %) u 3010Ta
Ha 4,96 % (c 82,80 no 87,76 %). Pacxon pearenra ymensimaetcs Ha 60 r/T.

O1eHKA MOJTHOTHI pPellleHNH MOCTABJEHHBIX 3a1a4.

UccnenoBanue BBIMOTHEHO B IMOJHOM OOBEME: OT MHUHEPAIOTHYECKOro
aHaNM3a JI0 ONTHUMHU3AIMHM PEarcHTHOTO pPEXHUMA. Pe3ynbTaThl TOATBEPIWIIH
TUIIOTE3Yy O CHHEepPreTHUeCcKoM 3 dekTe MepKanTaHCOAePKaIUX coOOUpaTeNei npu
nepepadboTKe YIOPHOTO CYIb(UIHOTO CHIPHS.

Pa3paboTka pekoMeHJAIHMii M HMCXOAHBIX JAHHBIX MO KOHKPETHOMY
HCIO0JIb30BAHUIO MOJYUYEHHBIX Pe3yJbTAaTOB.

Pa3paboTaHHas TEXHOJOTMYECKas CXeMa W PEKUM  NPUMCHCHUS
MEpKanTaHCOJAepkKalluX  coOupareleld  NPUMEHHMBI  JUIA  TepepadOTKH
TPYJAHOOOOTaTUMBIX CYIbQUIHBIX PyJI C TOHKOH BKPAILUICHHOCTHIO IICHHBIX
KOMITIOHEHTOB U Pyl IPYTUX CXOKHUX MecTopoxaeHuit Kazaxcrana.

OuneHka TEXHMKO0-IKOHOMUYeCKOH 3()(peKTUBHOCTU BHEIPEHUS.

Onenka 3¢h(EKTUBHOCTH BHEIPEHUS BBICOKAs, TaK KaK HCIOJIb30BaHUE
OTEUYECTBEHHBIX MEPKANTAHCOIEPKAIIUX PEAreHTOB MO3BOJISIET CHU3UTD YEIbHBIC
3aTpaTbl Ha 3aKynKy XUMUU (pacxol Huke Ha 46%) U NOBBICUTH W3BJIICUCHUE
MeTaiioB. TOYHBIE KOHOMHUYECKHE TOKa3aTedu OyAyT pacCUuTaHbl HA CTaJUH
IPOMBIIIJIEHHOTO TTPOEKTUPOBAHUSI.

OneHKa HAY4YHO-TeXHUYECKOr0 YPOBHSI.

PaGora mnpencrtaBiasier co0Ooil 3aBEpIIEHHOE HAYYHOE UCCIEIOBaHUE,
COOTBETCTBYIOIIIEE COBPEMEHHBIM TPEOOBAHMAM B 00JIaCTH OOOTAIICHHS TTOJIE3HBIX
MCcKomaeMbIX. Mcronb30BaHue HOBBIX KOMOWHAIINN cOOMpaTeNeil A YIOPHBIX Py
SBIIIETCSI UHHOBAIIMOHHBIM PEIICHUEM 3a7a4d UMIIOPTO3aMEIEHUS U TIOBBITIICHUS
3¢ PeKTHBHOCTH HeApoIoab30Banus B PK.
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Study of the dispersing properties of microemulsion mercaptan-containing
collectors based on oil products
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!Kaldybaeva J.A., ‘Turysbekov D.K., Yussupova S.Zh.
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ABSTRACT
The article discusses the pmdmm of flotation reagents based on domestic sulfur-containing oll
products using the ull i hod. Particular attention is paid to the selection of od
products based on the lysis of their | and quantitative composition. Mercaptans
(thicakohols) are known to be the most effective sulfhydryd collectors. Thes study utilizes sulfur-
Received: Februory 12, 2025 containing oll products with the same sulfur content but diffening in the form of sulfur presence in
Peer-reviewed: February 13, 2025 the starting materials: refined ofl, meruotam:onhnlr‘ product, and an intermediate product
Accepted: March 6, 2025 obtained during oil di P Comp were developed using these oil products
and butyl xanthate. During ultrasonic cavitation, the depend of ssion stabilty aver time
on ultrasonic power and component ratios was determined. Optimal conditions fcr ultrasonic
cavitation and the appropriate proportions of F inthe pasitions were biished

Despite having the same su¥ur content, it was found that ony sulfur-containing products with
specific structural characteristics are suitable for flotation reagent production. Additionally,
ultrasonic cavitation's role in modifying the compasitions' properties was identified, signdficantly
influencing their efficiency as collectors.

Keywords: refined oil, mercaptan-containng product, butyl xanthate.

e e ot
Doctar of Technical Sciences, Professor, Director-Ch of the Manag Board of
Kenzhaliyev Bogdaulet Kenzhaliyevich the Institute of & gy and Ore Beneficiation JSC, Satbayey University, Shevchenko str., 26/133,

050010, Almaty, it Email:  bogdoulet_k@satboyev.university; ORCD  1D:
https://orcid.org/D000-0003-1474-8354

Canddate of Technical Sciences, Leoding Researcher of the Lot y of Fk Reag ond
Enrchment, Institute of Metallurgy ond Ore Beneficiation JSC, Satbayev Umvemty Shevchenko
str., 29/133, 050010, Almoty, kh Email: o.mukhy fversity; ORCID 1D:
https://orcid.org/0000-0002-2130-683X

Mukhanove Aynur Aitkczinovna

her, Labaratory of Fi Reagents and Sencfic) of Metallurgy ond Ore
5 Nazira Orokkyzy Bemﬁaawnlsc Stnboyrv University, Shevchenko str, 29/123, 050010, Almaty, Kozokhstan.
Emoll: nozira.orakkyzy @gmoil com; ORCID 1D: http://orkid.org/0000-0002-3027-5246

Enw:hemuto!)ca\‘zgw'ts of the CNPC Aktobemunaigos JSC, Aktobe, Kaozakhstan. Emol:

Junior Researcher, Laboratory of Flotation Reogents and Benefio of Metatlurgy and
Kodybaysws Zbamliiut Ore Beneficiation JSC. Satbayev University, Shevehenko str., 29/133, 050010, Almaty, Kazokhstan.
Emoil: zh. koldyb & v.university; ORCID 1D: https.//orcid.org/0000-0001-5763-9655

&Mma{f«hmlmtemgrmmqthehmdﬂmmnmmm

fi of Metolurgy and Ore & ,""ISC"‘,‘ ity, Sh k
Turysbekov Dulotbek Kodyrbekuly str., 8/133, 050010, Admaty kh Emoail: d.turysbekov@sotboy y: ORCID 1D:
https.//orcd.org/0000-0003-0904-1565

Engineer of the Laboratory of Fk Reag and Benefi of Metalfurgy ond Ore
ssupova Saniya Zhabb Beneficiation JSC, Satboyev Unmersity, Shevchenko str, 29/133 050010, Aimaty, Kozokhstan.
Email: Saniyo. yusupova(2 @mailru; ORCID I0: httpsy//orcid.org/0009-0009-1728-2418

Introduction characteristics of flotation reagents is their selective

influence on phase boundaries, particularly on the

Flotation reagents play a key role in the flotation  surface of various minerals, due to the conditions

process, determining its efficiency and future created in the aqueous pulp medium. Of particular

development prospects. The success of flotation interest is the combined use of ionic and apolar

largely depends on their proper selection and collectors, which demonstrate high flotation
economically justified application. One of the key  efficiency [[1], [2], [3]].

A
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In recent years, research by domestic scientists
has intensified interest in the use of heteroorganic
oil compounds for the beneficiation of polymetallic
ores. Technologies are actively being developed to
extract sulfur-containing compounds from  ail
products, including mercaptans, sulfides, and
thiophenes, with the latter accounting for 80-95% of
the total. It has been established that oil sulfides are
predominantly represented by cyclic compounds,
homologs of alkyl-substituted thiophenes, and
thiooycloalkanes. As the beiling point of ail fractions
increases, the proportion of condensed manooyelic
sulfides decreases, while that of polycyclic sulfides
rises. These compounds exhibit high surface activity,
miaking them promising apolar reagents that do not
require additional surfactants.

Studies by V. A Glembotsky, L. ¥a. Shubov, V. A
Esepkin, 5. |. Chernykh, and others have shown that
the most effective apolar reagents contain aromiatic
hydrocarbons and their hamologs. These findings
highlight the need for a more in-depth investigation
of such compounds as flotation reagents.

This study aims to evaluate the potential use of
sulfur-rich gil concentrates containing aromatic and
heteroatomic  compounds as  selective apolar
collectors. These substances remain insufficiently
studied in the context of ore flotation [4].

Many collectors possess a complex heteropolar
miolecular structure, incorporating both polar and
apolar fragments. The polar part of the molecule
interacts with water, while the apolar part,
represented by a hydrocarbon radical, exhibits
hydrophebic properties. During adsorption on the
mineral surface, the polar part of the molecule
attaches to the mineral, while the apolar part
extends into the aqueous phase, facilitating
hydrophobization and subsequent flotation of the
mineral [5].

The selective properties of collectors depend on
their chemical composition and melecular structure.
They are classified based on their interaction
mechanism  with minerals, their degree of
dissociation into ions, and the type of ion
responsible for the hydrophobizing effect (anion or
cation). Collectors are generally divided into three
main groups (Figure 1):

Figure 1 - A malin group of collectors

One of the key directions for improving flotation
efficiency is the development of new sulfur- and
phosphorus-containing reagents that ensure high
performance while reducing consumption.

In Kazakhstan, the production of flotation
reagents, particularly collectors and foaming agents,
is limited. Imported reagents are often expensive, of
incensistent quality, and have restricted applicability
to different ore types. This situation necessitates the
development of domestically produced flotation
reagents from local raw materials, as well as the
optimization of reagent regimes for their effective
use in beneficiation processes [B).

Acearding to  the literature, xanthates,
dithiophosphates, dixanthates, and their mixtures
are widely used as collectors. For instance, butyl
xanthate iz the primary reagent in Russia, while amyl
xanthate is more commonly used abroad [[7], (8],
[2]]. It has been established that an increase in the
hydrocarban radical enhances the reactivity and
oxidizability of xanthates [10].

For selective flotation, weak collectors such as
aeroflats, or their combinations with xanthates, are
recommended. The research of A. Abramov focuses
on the development of new selective collecting
reagents to improve the flotation efficiency of non-
ferrous metals [11].

Flotation reagents used in mineral processing
can be derived from crude oil. Crude oil contains not
only water and salts but also a wide range of organic
compounds, including sulfur-containing
components, which are of particular interest for
flotation. Compounds such as mercaptans, sulfides,
and thiophenes have the potential to serve as
effective collector reagents with selective effects on
minerals.

The extraction of such compounds can be
integrated into the early stages of oil processing,
particularly during the breakdown of stable water-
in-gil emulsions. This process offers a dual
advantage: on one hand, the removal of these
compounds enhances @il quality and reduces
corrosiveness  caused by sulfur-containing
components; on  the other, the recovered
compounds can be utilized in the synthesis of
innowative flotation reagents, which is especially
valuable for polymetallic ore beneficiation [[12],
[13], [2a]].

Thus. the develooment of technologies for
extracting sulfur-containing components from oil
presents both environmental and  industrial
benefits. Environmentally, it improves oil properties
and reduces pollution; industrially, it enables the

T
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creation of cost-effective and highly efficient
flotation reagents from local raw materials.

The presented data confirm that advancing the
composition of sulfur-containing reagents used as
flotation collectors is a dymamic area of research.
Howewver, the challenge of selecting suitable initial
components and optimizing their compositions for
effective flotation of refractory ores remains
unresolved. This is because reagent efficiency is
directly influenced by the qualitative and
guantitative compaosition of the raw material, as well
as its structural characteristics, necessitating an
individualized approach in each specific caze [15].

Additionally, with the declining quality of raw
materials and increasing flotation reagent
consumption, reducing costs becomes essential. In
thiz context, the synthesis of flotation reagents from
inexpensive domestic raw materials, such as sulfur-
containing ail products, is of particular importance,
offering opportunities for the development of more
economical and efficient flotation technaologies [16).

Experimental part

For this study, three samples of oil and oil
products from the Kenkiyak deposit, provided by
Aktobeoilgas, were selected. The samples included
dehydrated woil, purified oil, mercaptan-containing
products, and a byproduct obtained during oil
demercaptization.

At this stage of the research, the focus was on
the raw oil from the Kenkiyak deposit and oil that
had undergone the first stage of treatment. The
physical and chemical characteristics, as well as the
composition of oil with a water content of up to 30%,
are presented in Table 1.

Table 1 - Physical and chemical characterstics of oll in the
Eenkiyak deposits

Description of indicators | Averaged values
Viscosity, MPa = °C, at 4.13- 218

200 °C - 500 °C

Density, gfcm? 0.8259
Asphaltens, % 0.4

Paraffin, % 33

Pour point, 06 B.70~14.0
Mass fractbon of sulfur, % | 0.70~ 131

The data presented in Table 1 indicate that the
composition of the source oil is characterized by a
sulfur content exceeding 1%. Sulfur is present in the
form of both hydrogen sulfide and mercaptans. To
effectively remove stable  sulfur-containing

compounds, a second purification stage iz
employed, utilizing specialized reagents—
absorbers. This method & currently the most
effective for reducing sulfur-containing components
suchi as hydrogen sulfide and mercaptans in oil.

This study examined oil after the first and
second refining stages. The first stage of il
treatment, based on existing technology, includes
heating followed by electrostatic dehydration. This
process relies on the destruction of petroleum
emubsions through a thermochemical method
combined with exposure to a high-voltage electric
field.

The thermochemical method involves
preheating the oil to a temperature of 48-50 *C with
the addition of a demulsifier. As the temperature
rises, the oil's viscosity decreases, facilitating better
mixing of the emulsion with the demulsifier and
enhancing the separation of oil and water. An
essential condition for effective separation is the
residence time of the emulsion in the apparatus. The
demulsifier penetrates the surface layer of water
droplets in the oil, breaking the protective coating
composed of asphaltenes, resing, and paraffins. This
process promaotes the coalescence (fusion) of water
droplets. The degree of dehydration achieved
through thermochemical treatment ranges from
B0% to 90% [17).

More stable water-in-0il  emulsions are
dizrupted using a high-voltage electric field of 20-25
kW at an industrial frequency of 50 Hz in an electric
dehydrator. Under the influence of an alternating
electric field, dispersed water droplets in the oil
coalesce, merging with other droplets and
increasing in size. The enlarged water droplets settle
in the intermediate layer below the lower electrode
before passing into the drainage water layer.

When subjected to an electric field between two
horizontally positioned lattice electrodes, the
protective shell of the water emulsion droplets
breaks down. As a result, water and the dissolved
salts it contains separate from the oil due to
differences in density and accumulate at the bottom
of the electric dehydrator. Dissolved mineral salts
are also removed from the oil along with the
separated water [18].

Mercaptans can be considered hydrogen sulfide
derivatives in which one hydrogen atom is replaced
by a hydrocarbon radical. Their general formula is
RSH.

With alkalis, they form mercaptides:

RSH + NaOH -> RSNa + H:O (1)

_— {7 =
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At the first stage of the second stage of
purification, a 2-5% solution of alkali NaOH of

According to Table 2, the content of hydrogen in
oil should not exceed 1 %, and the content of

hydrogen sulfide, naphthenic acids and part of
methyl, -ethylmercaptans is selectively extracted
fram ail by the following reactions:

Ha5 + ZNaOH - Nas5 + 2H:0 (2]
RSH + NaDH -> RSMa + H,0 (2)
RCOOH + NaOH -> RCOONa + Hy0 [4)

At the second stage of the second purification
stage, there is additional extraction of methyl, - ethyl
mercaptans, partial extraction of propyls, -isopropyl
mercaptans with alkali solution 6.5-14.3 wi%. If
necessary, mercaptides are oxidized into disulphide
oil with air oxygen in the presence of a catalyst -
cobalt phthalocyanine. The extraction and oxidation
of mercaptans occurs according ta the reactions:

RSH + NaOH -= RSMa + H0 (5}
ZRSNa + 1/20; + Hy0 =» RSSA + 2ZMa0H ]

Reaction (4) shows that the oxidation of RSNa
completely regenerates the consumed alkali.

To maintain effective purification, the alkaline
solution should never contain a significant amount
of unoxidized RSNa. For this reason, the amount of
air introduced inta the oil must always exceed the
stoichiometric air flow rate for complete oxidation
R5SMa.

Table 2 presents the physical and chemical
parameters that oil should have after the first and
second stages of the second purification stage.

Table 2 - Physical and chemical parameters of oll after the
second stage of treatment

Mama ‘Watke of indi cators

prodec 1 bl et preamt 1l il bty
Masi fraction of suller, % na more L8 o ez LG
Dumgity b 2 °C], kit i e ES0 e e S0
Fraction yiald 1o Mmparatun, %

T na Mo 17 i ez 17

T na more 47 o e 47

IS0 na moee 57 o usea 57
Masi fracbon of paralfin, % na moes &0 ]
Mk raction of bydragen slfid, ppm | na moee B e e 1
Mass fraction of matind-athyl né more 100 LR ]
friCaptar in ola, ppm
Wiater masi fraction, % na more LS e e L5
Chlorida fall coRcantiation, mip'dm® nié Mo 100 T s S
Mass fraction of michanical né mere DL0E s prai L0
i,
Tatur aled vapeur grinsure, bPa @ miore 66T e mome Bh.7

[T}

mercaptans - 40 ppm.

Em
[T
£
o)
e
By
£
£ moy
£ ma
£ oy
£ 31
L2
[

[
s

Flgure 2 - Comparative figures of IR spectra of oll
|kenkylak deposits) after stages 1 and 2 of treatment.
{1 - the first stage of oll purification,

1 - the second stage of oll purification)

Figure 2 compares the spectra of oil samples
after the first and second cleaning stages. A
significant difference in spectral profiles is noted,
which indicates changes in the ratio of compounds
present. The second fraction contains a higher
concentration of compounds including 5 = O groups,
as well as sulfur compounds of aromatic and
naphthenic structures.

One promising fine dispersion technigque is
ultrasonic cavitation. This process makes it possible
to obtain stable mixtures of substances and
significantly accelerate various chemical and mass
exchange processes. Ultrasonic dispersion helps to
obtain highly dispersed, homogeneous and pure
chemical nanosuspensions and nanoemulsions.

In our study, ultrasonic cavitation is considered
an advanced technology for dispersing solid
materials. This method is highly effective in breaking
down solid particles through mechanisms such as
shock waves and frictional flows generated by
collapsing cavitation bubbles. The dispersion of
insoluble components simultaneously facilitates the
formation of stable mixtures and enhances chemical
processes,  enabling the  production  of
nanosuspensions and nanoemulsions with high
dispersion and purity.

Additionally, ultrasonic treatment is applied in
the pretreatrment of crude oil, demonstrating high
efficiency in demulsification and dewatering. Thiz
method not only improves ail refining quality but
alse enhances environmental safety by reducing
waste wvolumes. The use of ultrasound in such
processes underscores its role as a sustainable and
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environmentally friendly approach in maodern d) 84
industrial practices. 23
To obtain emulsions, oil-based compositions 8.2

after the first stage of purification were used along S-l
with aeroflot and dispersed using the Iv99- -g
Ultrasonic Homogenizer. The model used was IY99-

DM, with an ultrasound power of 1300 W, an 79
operating frequency of 20=25 kHz, and a power T8

Bk

pH

supply of 220/110 V, 50,60 Hz. ::
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al 5 ES 105
93 2 )
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88 Flgure 3 - Change in medium pH over time at different
85 1 ultrasonic power (1 - 720'W; 2 - 600'W; 3 - 400 W, 4-234
=84 ‘W) for the oll compaosition after the second stage of
B2 purification with butyl xanthate at different ratios a) oll
g 2 after the 1st stage of purification with BKx-1:1; b) oil
7.8 3 after the 1st purification stages with BKx-1:2; ¢} oil after
7.6 4 the 1st purification stages with BKx-1:3; d) oll after 2
7.4 stages of treatment with BKx-1:1; ) oil after the 2nd
7.2 purification stages with Bkx-1:2; f) oll after the 2nd
7 purification stages with Bkx-1:3;
5 35 105 The emulsification process was carried out using
T. i, the IY99-Ultrasonic Homogenizer, as illustrated in
_ ) =
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Figure 3, following this procedure: 50 ml of distilled
water and 0.5 g of the test mixture were placed in a
beaker. To evaluate the stability of the resulting
microemulsions, three different ratios of oil (after
the first purification stage) to butyl xanthate were
selected: 1:1, 1:2, and 1:3. A titanium ultrasonic
probe in the form of a cone concentrator was
immersed in the sleeve, ensuring its tip was
positioned in the central part of the liquid valume.
The treatment was conducted at an operating
frequency of 25 kHz, with adjustable net power in
the liquid medium ranging from 234 W to 720 W.
The sonication time varied from 5 to 105 minutes,
and the temperature of the resulting microemulsion
after sonication reached 45-50 C.

Studies were conducted to determine the
optimal sonication conditions for each mixture. The
dependence of the pH variation of the emulsion
medium evertime on ultrasonic power and the ratio
of components (oil after the first purification stage
with butyl xanthate) was established (Figure 2). The
pH change plays a crucial role in flotation processes,
as it influences the chemical state and behavior of
reactants in the emulsion. The pH of the medium
directly affects the surface charge of particles,
altering their ability to adsorb flotation reagents,
including butyl xanthate, thereby impacting
flotation efficiency.

Ultrasonic treatment can modify the pH by
influencing the dissociation of chemical bonds and
the distribution of ions in solution, which affects the
acid-base properties of the medium and,
consequently, the adsorption of reagents and their
interaction with minerals. These modifications can
significantly impact selectivity and the recovery of
valuable components during flotation.

Figure 4 presents the results of pH variation over
time during the ultrasonic dispersion of
microemulsion collectors, obtained from oil after
the first and second purification stages in
combination with sulfur-containing components and
butyl sodium xanthate. The graphs illustrate the
dependence of pH on processing time at different
ultrazound power levels (720 W, 600 W, 400 W, and
234 W). The pH tends to increase as dispersion time
progresses, with  higher ultrasound power
contributing to a mare significant rise in pH.

The influence of collector composition on pH
dynamics is also evident: an increase in the butyl
sodium xanthate content (from 1 to 3) leads to a
notable shift inthe system's acid-base balance.

In further studies, the composition of the
compositions was complicated. The collector used

was a mercaptan-containing mixture consisting of
oil, a sulphur-containing product and sodium butyl
xanthate in ratios of 0.5: 0.5: 0.33; 0.5: 0.5: 0.5 and
0.5: 0.5: 1.0. The results are presented in Figure 3.
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T 82
a L
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al

bj T.7
16

1.5
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T4
73
7.2

T, min

.l
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L ]
L

30 50 70
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Flgure 4 - Change In medium pH over time at
different ultrasonic power [1-600 W; 2 - 400 W; 3-234
‘W] for a mercaptan-contalning collector composition

consisting of oll, sulfur-containing product and butyl
xanthate, with the following ratios: a) 0.5: 0.5:0.25;
b) 0.5: 0.5: 0.5; c) 0.5:0.5: 1.0.

The particle size measurement of the emulsions
was performed using a Photocor Compact analyzer
as shown in Table 3. The analyzer operates on the
principles of static and dynamic light scattering
known as photon correlation spectroscopy. The size
of the particles dispersed in the liquid, as well as the
molecular weight of the polymers, were determined

_ ) =
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by analyzing the correlation function of fluctuations
in the intensity of scattered light and its total
scattering intensity. Measured sizes range from 1
nm to 100 pm.

In previous studies, it was found that the use of
a composition of il and xanthate in equal
propartions of 1:1 allows to achieve high flotation
efficiency [19]. Paper [20] shows the results of
experiments to determine the size of the dispersed
phase in emulsions with different ratios of oil and
xanthate {1:1; 1:2; 1:3) during ultrasonic treatment
with different power (234, 400, 600 W) and at
different time intervals (35, 65, 105 minutes).
Analysis of the data shows that the minimum
particle size, 10.73 nm, was observed at a power of
600 W and a treatment time of 65 minutes or more,
especially at the ratio of oil to 1:3 xanthate. These
results confirm the effectiveness of increasing
ultrazound power and processing time to achieve
fine particle sizes in predetermined proportions.
With an increase in the concentration of xanthate,
the size of the microemulsion decreases and its
stability increases accordingly. Also, the presence of
sulfur compounds in the oil emulsion, which can be
natural emulsifiers, most likely has a significant
effect an the stability of the microemulsion.

Additional experiments were performed using
refined oil, mercaptan-containing product and butyl
xanthate in & ratio of 1:1:0.5; 1:1:1 and 1:1:2. The
results of these studies are presented in Table 3.

Table 3 shows the results of experiments to
determine the size of the dizpersed phaze in
emulsions using refined oil and butyl xanthate in
three different proportions (1:1:05, 1:1:1, 1:1:2).
The emulsions were sonicated at different powers
{234, 400 and 800 W) and measured 30, 60 and 80
minutes after the start of the experiments.

It can be seen from Table 3 that with increasing
processing time and ultrasonic power, the particle
size decreases in most cases. This is especially
noticeable in experiments with the proportion of
1:1:2, where the particle size decreased to 6.61 nm
with a power of 800 W and a processing time of 60
minutes. This data may indicate that the optimum
conditions for achieving the minimum particle size
can be achieved with a higher power and processing
time. Increasing the power of the exposure process
increases cavitation and reduces the size of the
dispersed phase of the emulsion.

This leads to the conclusion that it is important
to select appropriate processing conditions to obtain
emulsions  with the desired particle size
characteristics, which is important for the practical
application of such systems in various processas.

Table 3 - Influence of ultrasonic treatment power and
exposure time on disperse phase size in emulsions with
different ratios of oll and xanthate

Digperiad phase valwe,

Time et
o Experirnéntal
Mo | rench, Porwer, W eonditions
: &00
min. | 334 | 400W | W

|Refined ail + mercaptan]: butyl canthate — 1:1:0,5

Ell] 55071 | 4365 | 31.09
1 &0 5043 | 1895 | 2481 | 05g/05g 025
a0 6145 | 21497 | 30.79

[Resfirved il + mercaptan]: Butyl anthate —1:1:1

a0 | 4782 | 2173 | 1563
2 60 | 4103 | 188 | 2358 | Dsginsginsg
a0 386 | 1236 | 2558

[Resfireed oil + mercaptan]: Butyl xanthate —1:1:2

D 2839 | 1579 | 17.58

| 60 18585 | 7.16 | B61 | D.5g/05g/10g
a0 1151 | 7.73 | ©E3
Conclusions

Bazed on the presented data and analysiz of the
experimental results, it was established that
ultrasonic cavitation significantly enhances the
efficiency of dispersing and modifying the properties
of petroleum products for the production of
flotation agents. The application of ultrasound
enables control over emulsion stability, improving
their characteristics by adjusting exposure power
and processing time.

Additionally, the content and chemical form of
sulfur in sulfur-containing oil products, particularhy
mercaptans, hawe a crucial influence on the
properties of collectors. Experiments using refined
pil, a mercaptan-containing product, and butyl
xanthate in ratios of 1:1:0.5; 1:1:1; and 1:1:2
demonstrated that the 1:1:2 ratio yielded the best
results, achieving a particle size reduction to 6.61 nm
at 600 W and a treatment time of 60 minutes.

It was also found that ultrasonic cavitation
influences not anly particle size but also the colloidal
properties of the compositions, significanthy
enhancing their efficiency as collectors. This finding
opens up new prospects for the development of
advanced mineral processing technologies. These
conclusions underscore the importance of
innowative approaches in optimizing the production
and application of flotation reagents.
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