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BJIMAHUE IUTHOCYJIbOOHATA HA TMAOPOTEPMAJIbHOE
B3AMMOLENCTBMUE CYJIb®OUO0B C CYNIb®ATOM MEAM (lI)
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Ypanbcknin OepepanbHbli YHUBepCUTET MMeHU NepBoro lNpe3snaeHTta Poccum
Bb.H. EnbumHa, HayyHas nabopaTtopums nepcrnekTUBHbBIX TEXHOMOM MM KOMMIEKCHOM
nepepaboTKM MUHEPASTbHOIO M TEXHOTEHHOO ChiPbsl LIBETHbIX U YEPHbIX METAsNOB,
r. EkatepuHbypr, Poccusa

BeepeHue

[upporepmanbpHast obpaborka
(I'TO) Ha pmaHHBII MOMEHT SIBJISIET-
cs  9¢¢eKTUBHON omepauyerl Ipef-
BapUTeNbHON 00paboTku u  oboraie-
HUsI MeIOHBIX KOHIleHTpaToB. C Hauaya
XX Beka MHOTOYMC/IEHHBIE TabOpaTOpHbIE
uccnepoBanysa 'TO MeHBIX KOHLIEHTPATOB
IIOITBEPXKAAIOT BBICOKYIO 3P (HEKTUBHOCTD
OUYNCTKM OT IpUMeceil C UX IHepPeBOOM
B PacTBOp M/Isl TOBBILIEHMS COMl€PXKaHUS
Mefy B TOTOBOM KOHIIeHTpare [1].

B CCCP sra undopmanus 6puia ax-
TyanusupoBaHa ydesivu YITY-YIIN (B
Hactosiee Bpems Yp®Y) [2-7]. Mccne-
[OBaHNUs ObUIV HAIIpaB/IeHbI Ha V3y4eHe
MeXaHM3Ma U KMHETUKU B3aMMOJeVCTBUSA
pacTBOpa MEIHOTO KYIOpOca M MeRHBIX
CyIbQUIHBIX MIHEPATIOB.

B pabore [8] uccrenoBana rupgporep-
MasnibHas 00paboTKa UMIUICKMX MeIHBIX
KOHIIEHTPAaTOB  pacTBOpaMu  Cyabdara
Meu JISl yoaJeHMUA NPUMecel M ITIOCIe-
IIYIOH_ICI‘O IIOBBIIIICHN A COI[CP)KaHI/IH Menun.
[TpakTryeckn moMHOE mpeBpaileHne 6op-

HUTA, XaJbKOIMPUTA, KOBE/IMHA B (asbl
Cu,_,SHabmoganoce npu 225-240 °C.

Corpyguukn HUII «Iuppomerammyp-
rus» (r. Cankr-IleTepOypr) mpepmoxunm
KOMIUIEKCHYI0 M POMeTa//TyprudecKyo
TEXHO/IOTUIO, IO3BOJIAIOLIYI0 OYUCTUTD
MeJHble KOHIIEHTPAaTbl OT IpuMeceii, a 3a-
TeM 00Ooramarb UX JO ONTUMAIBHOTO Ka-
gyectBa [9]. Onepauns I'TO B ganHOM crio-
cobe nmpoBopuTcs npu Temmneparype 170 °C
¢ mocrenymomeil (roTanyeil OCTaTKOB I
BbIJle/IeHIeEM Me[lM, IMHKA U CBUHLA B OT-
fleibHble KOHILIEHTpATbl Jid MajIbHelile
nepepaboTtku. PagpaboTraHHast TEXHOMOT -
4yecKas cxema ucnonbsyer 80 % cyuecTBy-
IOLIUX MolHOocTell banxamickoro umH-
KOBOTO 3aBOJia, KOTOPBbINl [O HeJaBHETO
BpeMeHM ObII 3aKOHCEPBUPOBAH.

B pabote [10] mpencraBneH rugpome-
TaJUTyprUYeCcKUil IIOAXO0J, 10 00O0ralleHIIo
MEJJHOTO KOHIIEHTpaTa C COfiep>KaHueM
Menu 18 % mo 6oee BBICOKOTO cofepyKa-
Hus - 50-55 %. Ilpemmaraemsiii croco6
3aK/II0Y9aeTCsi B BBICOKOTEMIICPAaTyPHOM
aBTOK/IABHOM OKJIC/IVITE/IbHOM BBIIIe/TauM-

Ta6nuua 1 — XuMun4eckuit coctaB MnHepanos, %

Munepan/dnemeHT Cu Zn Fe S
CuFeS, 33 - 32 34

ZnS - 56 1 38

FeS, - - 39 45
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PucyHok 1 — JTabopaTopHas yctaHoBKa (neyb)

BAHUM Xa/IbKOIMPUTHBIX KOHLEHTPATOB C
HO/Ty4eHyeM 0OraThIX MeJHBIX PacTBOPOB
(n3Bnedyenve Megu 99 %). 3aTeM cenyeT
I'TO HOBBIX OpLMIT KOHI[EHTpaTa pacTBO-
paMu IepBOro 3Talla.

MudopManuy o IpuMeHeHUN MOBEpPX-
HOCTHO-aKTMBHBIX BellleCTB Ha OIlepaluu
I'TO cynpduaHbBIX MUHEPAIOB pacTBOpa-
M MefIU B IUTepaType He OOHAPY>KeHO.

Ilennp paboOTHI: U3YYNTh BIVMSHME IIO-
BEPXHOCTHO aKTMBHOTO BeIJeCTBA, B
qacTHOCTM nurHocynbgonata (JIC) Ha ru-
IpOTepMajIbHOE B3aMMOJEIICTBIE Xa/IbKO-
IVPUTa, TUPUTA U casepuTa C pacTBOpa-
mu cynbdara meau (II).

Marepuanbl nu meToabl

B mccnenoBaHUAX — MCIIONIB30BAINICh
IpUpPOJHBIE MIHEPaIbl YPaTbCKUX MECTO-
POXIEHNN, XMMIUYECKIIT aHa/IN3 KOTOPbIX
IPOBOAM/IN C IIOMOLIbI0 METOJIOB PEHT-
reHOQIyOpPeCIeHTHO ~ CIIeKTPOMEeTpUN
Ha ycraHoBke EDX-7000 (Shimadzu) u
aTOMHO-a0COPOIMOHHOM  CIIEKTPOMeETpe
AnalytikJena NovAA 330 (tabmma 1)

KpynHocTh MuHepanoB cocrasiana 90
+ 5 % -74 MKM, 11pu aToM 6071ee 40 % Kiac-
ca + 44 MKM.
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PucyHok 2 — JlabopaTtopHasi yctaHoBKa (aBTOK/1aB)

JInsa mpoBefeHNA SKCIEPUMEHTOB IIO
['TO MmHepanoB ucmonab3oBamu nabopa-
TOPHYIO YCTaHOBKY (PMCYHOK 1), mpefcTaB-
JIAIOILYI0 COO0J TOPM3OHTA/NBHYIO II€Yb C
YCTaHOBJIEHHBIM BaJIOM B TOPM30HTa/IbHON
mwiockocTu. Ha Bammy BbIpe3saHbl BUHTOBbIE
OTBEpCTUA [ KpeIVIeHWA TUTAHOBBIX
aBTOK/IaBOB 00beMOM 50 MyI. ABTOKJIaBBI
(PMCYHOK 2) COCTOAT U3 TPeX JacTell — pe-
aKIVIOHHOTO CTaKaHa, (TOPOIIIACTOBOI
IIPOKJIAJIKI, KOTOpas obecrieunBaet repme-
TUYHOCTD, C KOP3MHKOII I/I1 MaTepuaia U
KPBIIIKY C BUHTOBOIT pe3pboit. Proporia-
CTOBBIE JIeTa/IV COENMHEHBI MEXAY co00it
pe3bboit. Takoil BUE KOHCTPYKIMM ITO3BO-
NAI€T UCKIIOYUTD KOHTAKT MEXIY MaTepu-
aJIoM U pacTBOPOM JI0 MOMEHTa JOCTIXKe-
HIA 33JJAaHHBIX TeMIIepaTyp UCC/IEJOBAHMNA.
TeMneparypa nsmepsieTcs ¢ IOMOULIBIO TEP-
MOTIapbl ¥ aBTOMATUYECKN PETYINPYETCH B
npegenax +2 °C. [lepememmBaHye My/bIIbI
JIOCTUTaeTCs 3a4éT 000pOTOB BaJa C yCTa-
HOBJIEHHBIMU peaKTopaMu. JlocTym Kucio-
pofia B PEaKTOP MCK/IIOYEH.
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PucyHok 3 — BnuaHue pacxopga J1C
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Pacxon JIC (r/am”)

Pe3ynbTatbl 1 ux o6¢cyXxpeHune

ViccnepoBanus mpoBOAWIN TIpU Iapa-
MeTpax: Temrepatypa (200 °C), ncxopHas
koHnentpanua H,SO, (15 r/gm3), ucxon-
Has KoHLeHTpanusa mexn (15 r/gm?), mpo-
HO/DKUTENbHOCTD 120 MUHYT M KOHLIEHTpa-
s JIC (0-1 r/pm3).

CreneHb IpeBpalleHNs OLeHNBAIN Ha
OCHOBAHUM W3BJIeYEHNUA MeTalla B pac-

TBOp /MO0 OCaKfieHns Ha Kek. Macca Ha-
Beckn coctapyana 0,5 r muHepana. O6bem
JICXO[THOTO pacTBOpa cocTas/An 30 MiL.

Pesynmpratel mpo6ubIX ombiToB ['TO
MUHEPAJIOB TI0OKa3aly, 4TO IPUCYTCTBUE
JIC MONoXWUTeNbHO BIMAET Ha U3BJIEYe-
HIe IVHKA U3 caeputa 1 xenesa 13 M-
puta (pucyHok 3). IIpu aToM moBbIIIeHNE
ucxofHo KoHueHTpauuu ITAB Begmer
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YMEpPEHHOMY IIOBBIIIEHUIO M3BJIeYEHUS
MeTa/I/IOB B pacTBOp. VI3BledyeHMe LMHKA
yBenM4mnBaeTcsa ¢ 66 1o 71 %, xenesa — ¢ 4
no 11 % mpy NMOBBILIEHUY KOHIIEHTpPALUN
JIC c 0 go 1 r/pm3. ITpu I'TO nupura copep-
YKaHJe MeIX B KOHEYHOM IPOJIyKTe KPaTHO
yBenmuuBaeTcs ¢ 2 1o 20 %.

B cyyae I'TO xanmpkonuputa BUAMMOIN
PasHUIIbI MeXIy OTCYTCTBUEM U Ha/IM4MeM
JIC B cucreme He HabmogaeTcs (PUCYHOK 4).

BbiBOAbI
ITposenennl TectoBble ombIThl ['TO
MIHEpajioB, IOKa3bIBAIOLINe BMAHNE
IIOBEPXHOCTHO-AaKTMBHOTO BeI[eCTBA —

NUrHOCynb(oHATa Ha TUAPOTEPMaIbHOE
B3anMopeiictBue cynbdara memu (II) ¢
cynbGUAHBIMU MUHepanaMy (XaabKOIu-

PUTOM, IMPUTOM U caneputom). Pesyb-
TaTbl OIBITOB IIOKa3aly IIOTOKUTEIbHOE
mystaye JIC va I'TO cdanepura u nupura.
Ha I'TO xanpkonuputa Hanmnuue ITAB He
OKa3blBaeT 3HAYMMOTIO BIMAHUA B MCCIIe-
NIyeMBbIX YC/IOBUAX.

MccnepoBaHue BBIIIOTHEHO B paMKax
npoekra Poccuiickoro Hay4yHOro QoHpa
Ne 22-79-10290. AnHanutudeckme WccCe-
JIOBaHUsI BBIMIOJIHEHBI TpU (PUHAHCOBOIA
noppepxke locsamanma PO mo Ipanry
Ne 075-03-2021-051/5(FEUZ-2021-0017).
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INFLUENCE OF LIGNOSULFONATE ON HYDROTHERMAL
INTERACTION OF SULFIDES WITH COPPER (IlI) SULFATE

Sharipova U.R., Tretyak M.A., Karimov K.A., Rogozhnikov D.A.
Ural Federal University named after the First President of Russia B.N. Yeltsin, Scientific
Laboratory of Advanced Technologies for Complex Processing of Mineral and
Technogenic Raw Materials of Non-ferrous and Ferrous Metals, Yekaterinburg, Russia

Introduction
Hydrothermal treatment (GTO)
is currently an effective operation of
pretreatment and enrichment of copper
concentrates. From the beginning. In the
twentieth century, numerous laboratory
studies of TRP copper concentrates
confirm the high efficiency of purification
from impurities with their transfer to a
solution to increase the copper content in

the finished concentrate [1].

In the USSR, this information was
updated by scientists of USTU-UPI
(currently UrFU) [2-7]. The research was
aimed at studying the mechanism and
kinetics of the interaction of a solution of
copper sulfate and copper sulfide minerals.

In [8], hydrothermal treatment of
Chilean copper concentrates with copper
sulfate solutions to remove impurities and
subsequently increase the copper content
was investigated. The almost complete
transformation of bornite, chalcopyrite,
and covellin into Cu, S phases was
obtained at 225-240 °C.

In the
“Hydrometallurgy”

Center
Petersburg),

Research
(St.

the authors [9] proposed a complex
hydrometallurgical ~ technology  that
allows to purify copper concentrates
from impurities, and then enrich them to
optimal quality. The TRP operation in this
method is carried out at a temperature of
170 ° C, followed by flotation of residues
and separation of copper, zinc and lead
into separate concentrates for further
processing. The developed technological
scheme uses 80 % of the existing capacities
of the Balkhash zinc plant, which until
recently was mothballed.

The  paper  [10]  presents a
hydrometallurgical —approach to the
enrichment of copper concentrate with a
copper content of 18% to a higher content
- 50-55 %. The proposed method consists
in high-temperature autoclave oxidative
leaching of chalcopyrite concentrates to
obtain rich copper solutions (99% copper
extraction). This is followed by a TRP
of new portions of the concentrate with
solutions of the first stage.

Information on the use of surfactants on
the operation of GTO sulfide minerals with
copper solutions has not been found in the
literature.

Table 1 — Chemical composition of minerals, %

Mineral/Element Cu Zn Fe S
CuFeS,; 33 - 32 34

ZnS - 56 1 38

FeS, - - 39 45
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Figure 1 — Laboratory installation (furnace)

Objective: to study the effect of a
surfactant, in particular lignosulfonate
(LS) on the hydrothermal interaction of
chalcopyrite, pyrite and sphalerite with
solutions of copper (II) sulfate.

Materials and methods

The studies used natural minerals from
the Ural deposits, the chemical analysis
of which was carried out using X-ray
fluorescence spectrometry methods on
the EDX-7000 (Shimadzu) installation
and the AnalytikJena NovAA 330 atomic
absorption spectrometer (table 1)

The size of the minerals was 90 + 5% -74
microns, with more than 40% of the class +
44 microns.

Results and their discussion

The studies were carried out at the
following parameters: temperature
(200 °C), initial concentration of H,SO,
(15 g/dm?), initial concentration of copper
(15 g/dm?), duration of 120 minutes and
concentration of drugs (0-1 g/dm?).

The degree of transformation was
assessed on the basis of metal extraction into
solution or deposition on cake. The weight
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Figure 2 — Laboratory installation (autoclave)

of the suspension was 0.5 g of mineral. The
volume of the initial solution was 30 ml.

The results of trial experiments showed
that the presence of drugs has a positive
effect on the extraction of zinc from
sphalerite and iron from pyrite (figure 3).
At the same time, an increase in the initial
concentration of surfactants leads to a
moderate increase in the extraction of
metals into the solution. Zinc extraction
increases from 66 to 71 %, iron - from 4 to
11 % with an increase in the concentration
of drugs from 0 to 1 g/ dm?. With the TRP
of pyrite, the copper content in the final
product increases from 2 to 20 %.m.

TRP test experiments were conducted
showing the effect of a surfactant -
lignosulfonate on the hydrothermal
interaction of copper (II) sulfate with
sulfide minerals (chalcopyrite, pyrite and
sphalerite). The results of the experiments
showed a positive effect of drugs on the
TRP of sphalerite and pyrite. The presence
of surfactants does not have a significant
effect on the TRP of chalcopyrite in the
studied conditions.
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the framework of the Russian Science Russian Federation under Grant Ne 075-03-
Foundation project Ne 22-79-10290. 2021-051/5 (FEUZ-2021-0017).

Analytical studies were carried out with the
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