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Abstract: The data on the complex processing of iron ore from one of the deposits of the Republic of Kazakhstan, which involves several
operations of wet magnetic separation with re-grinding of raw products and their subsequent refining to produce a conditioned iron concentrate
with 65—66 % iron containing 79—80 % Fe and 2.2—2.5 % Si, are presented. It was found that during the magnetic enrichment of the ore
under study, the copper minerals concentrate in the magnetic separation tailings and the copper content in them increases from 0.093 to
0.2 %. A scheme and reagent system have been developed for the recovery of conditioned copper concentrate from magnetically enriched
tailings. To obtain copper concentrate, magnetic separation tailings are subjected to regrinding in a lime medium to a fineness of 75 %
of the —0.071 mm grade. After two operations of the main copper flotation with the use of water glass, butyl xanthate and frother MIBK,
waste tailings are obtained. The froth product of the first basal flotation is cleaned twice. The result is a copper concentrate containing
15.2 % copper, 26.5 % iron, 17.5 % sulfur, 3.47 % silicon, 1.4 % aluminum and 8.5 % zinc, which corresponds to the KM-7 grade
according to GOST R 52998-2008. Waste tailings contain: copper 0.08 %, iron 20.1 %, sulfur 0.25 %, silicon 16.2 %, aluminum 6.4 %
and zinc 0.045 %. The influence of xanthates with different length and structure of hydrocarbon radical as well as hostaflots and amyl
aeroflots on the process of copper flotation is studied. The high efficiency of butyl xanthate in the flotation of copper minerals has been
confirmed.
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MPOJAYKTOB U MOCJIEAYIONYIO0 KX MePEUYUCTKY C TTOJTyUeHUEeM KOHAUIIMOHHOTO XeJIe3HOTO KOHIIEHTpaTa, cojepxaiiero 65—66 % xe-
ne3a nipu ussiedyeHun 79—80 % Fe u 2,2—2,5 % Si. YcTaHOBJIEHO, YTO TPU MATHUTHOM O0OOTAIIEHU U UCCIIEyeMOU PYIbl METHbBIE MU-
HepaJibl KOHLEHTPUPYIOTCS B XBOCTaX MATHUTHOI Cenlapallu U cofepkaHue Meau B Hux noseimaercs ¢ 0,093 1o 0,2 %. PazpaGorana
cXxeMa U peareHTHBIN PeXXUM MOJyYeH I KOHAUIIMOHHOTO0 MEIHOTO KOHIIEHTpaTa U3 XBOCTOB MAarHUTHOTO oboraiieHus. s monyyde-
HUSI METHOTO KOHIIEHTpaTa XBOCTHl MATHUTHO cernapaliuy MoJBepralTcs J0M3MeIbYCHU 0 B U3BECTKOBOI cpefe 10 KpymHocTu 75 %
kyacca —0,071 mm. [Tocse nByXx onepanuii OCHOBHOUM MeaHOM (JIOTALMK C TPUMEHEHUEM XU KO0 CTeKJia, OyTUIOBOr0 KCAaHTOreHara
u BcrnieHuBareass MUBK nosiyyatoT oTBajibHble XBOCTBI. [IeHHBII MPOMYKT NMEepBOi OCHOBHOI (hJIOTALIMU ABaX/bl MEPEUMUIIACTC.
B pesynbraTe mosyuaeTcsi MEIHbBI KOHLIEHTpPAT ¢ coaepxaHuem, %: 15,2 Cu, 26,5 Fe, 17,5 S, 3,47 Si, 1,4 Al u 8,5 Zn, KOoTOpPBIii COOT-
BercTrByeT Mapke KM-7 (TOCT P 52998-2008). OtBanbHbie XBOCTH comepxkar, %: 0,08 Cu, 20,1 Fe, 0,25 S, 16,2 Si, 6,4 Al u 0,045 Zn.
PaccmoTpeHo BausiHMe Ha Mpolecc MeAHOU (GIoTalMKU KCAHTOTEHATOB C PA3JIUMYHON MJIIMHOI U CTPOEHUEM YTJIeBOAOPOAHOIO pa-
nukasna, a Takxe XoctadJoToB U aMuyoBoro aspodiora. [MoaTBepxkaeHa Beicokast 3G GeKTUBHOCTb OYTUIIOBOIO KCaHTOTeHaTa Mnpu
daoTauuKu MeIHBIX MUHEPAJIOB.

KnoueBbie cioBa: MOKpasi MArHUTHAs cemapanus, Keje3Hasi pyaa, OyTUIOBBIM KCaHTOTeHaT, adpodioT, XocTadaoThl, MEAHbIN KOH-
LIEHTpaT

Jna uuruposanus: Jlaspunenko A.A., JlycunsH O.I., Ky3neuosa U.H., Onennuxos B.T. [TonyyeHue MeagHOro KOHUEHTpaTa pu obora-
IEHWU XeJIe3HBIX Y. M3eecmus 8y306. llgemnas memannypeus. 2023; 29 (1): 5—15. https://doi.org/10.17073/0021-3438-2023-1-5-15

Introduction
The industry’s increasing demand for nonferrous AL i, 1.36 g/t | SR 0.25
metals has made it increasingly important to involve Al 1.96 J\\F: I 0.31
poor or'es and e.nrlchment talllrlgs. n co.mprehenswe [ ©F: TR 1.51 V4 | UUTUR 0.087
processing of minerals. The practice of iron ore en-
CU. i, 0.093 S, 3.46

richment shows that the tailings of iron ore enrichment
plants often contain significant amounts of nonferrous | S 44.60 N T 7.2
metal minerals. The content of these constituents is usu-

ally less than in the ores of the same name, and the use- It can be seen that of the precious metals silver is

fulness of their extraction is not always apparent.

The processing of raw materials with an unbalanced
content of valuable components is usually carried out
according to combined schemes involving enrichment
and metallurgical methods [1—3]. The preparation of
mineral raw materials for enrichement plays an impor-

present in the sample — about 1.4 g/t.

Using X-ray phase analysis on X-ray diffractometer
X’Pert PRO MPD (PANanytical, Netherlands) the fol-
lowing mineral composition of the ore sample, wt.% was
established:

i ] Y Magnetite .........cocooiviiiiiiiiiics 56.19
tant role [4—6], and often requires finer grinding in )
. . . . Hematite.......oooovieiiiiiieeeeeeecieeee e 3.3
comparison with the initial ore raw materials for break- .
ing down the aggregates [7]. ChalCOPYTIIte.....cceevvuveeeeirieeeeciieeeeireeeeens 0.62

Development of rational enrichement schemes and Pyrite coeeeee 6.19
effective choice of reagent regime in flotation of pre- CRIOTIEE ettt 0.95
pared (previously grinded) raw materials (enrichment MiCA .eeiiiiiiieeeeeee e 0.14
tailings) makes it possible to include prOdPCts with l.lrl— Feldspar........cooovecciiieiieeeeecieeeee e 4.9
balanced content of valuable components in processing

ASDESTOS .oeiieeeeiiiiiiiee e 0.71
[8—12].

The objective of this work was to develop a technol- Sphalerite ........ocoovviiiiiiiiiiiie 1.9
ogy to recover not only iron ore concentrate but also AmPhibole.......coovvieiieiiiiiieieeieeieen 8.06
copper concentrate from current magnetic enrichment PYTOXeNe ....ovvvvviiiiiiccceeceeeeee e 4.74
tailings. QUATLZ oo 6.42

. Carbonate........eeeeevviereeiiiieeeiieee e 1.1
Objects and research methods .
0] 1a Lo £ 2.77

Studies were conducted on an ore sample with a con- Others: gypsum, talc, apatite,
tent of 44.6 % iron and 0.093 % copper. The composition polymineral aggregates ...............vvvvvvvnnn. 2.01
of the main elements of the ore is given below, %: TOtAl ..t 100
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Optical and mineralogical analysis showed that the minerals (Fig. 1). Secondary minerals are hematite, py-
main ore mineral is magnetite, which is noted both in rite, feldspar, quartz, pyroxene, amphibole, and epidote.
the form of grains and aggregates with rock-forming The ore also contains sphalerite, carbonate, chlorite,

Fig. 1. Optical and mineralogical analysis results.

a — magnetite grains fragments, some grains are subject to hematization, reflected light, nicoli are parallel;

b — magnetite, hematized to various degrees, and hematite grains fragments, reflected light, nicoli are parallel; ¢ — magnetite and hematite
grains fragments, reflected light, nicoli are parallel; d — magnetite and chalcopyrite aggregation, reflected light, nicoli are parallel;

e — magnetite with hematite and pyrite aggregation, back-scattered electrons image; f — magnetite with quartz and clinochlorite aggregation,
back-scattered electrons image

Puc. 1. Pe3ynbraThl ONTUKO-MUHEPAJIOTMIECKOTO aHaIn3a

a — dbparMeHThI 3epeH MarHeTUTa, HEKOTOPbIE 3epHA MOIBEPKEHBI TeMAaTUTU3ALIUU, OTPAXKEHHBIIN CBET, HUKOJIM MapajiebHbL;

b — dparMeHTHI 3epeH MarHeTuTa, B pa3IMyHON CTeNEH!U MOABEPKEHHbIE TeMaTUTU3ALIMU, U TeMaTUTa, OTPAXKEHHBII CBET,

HMKOJIY MapajulesibHbl; ¢ — GparMeHThl 3epeH MarHeTUTa U reMaTuTa, OTPaXKEHHbII CBET, HUKOJIU NapasliebHbl;

d — cpOCTOK MarHeTHTa U XaJIbKOTIMPUTA, OTPAKEHHBIN CBET, HUKOJIV MapaJlieIbHBI; € — CPOCTOK MarHeTUTa ¢ FeMaTHUTOM Y IIUPUTOM,
1300paxeHne B 00paTHO-PaCCESTHHBIX AJIEKTPOHAX; f— CPOCTOK MarHEeTUTa C KBapLieM U KIIMHOXJIOPOM, N300paxeHe

B 0OpaTHO-PACCESTHHBIX DJIEKTPOHAX
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and asbestos. The rest of the minerals are represented in
a landmark quantity.

The study of the composition of the sample material
has shown that the basic processing of the ore is asso-
ciated with the technology of extraction of ferrous mi-
nerals. Further it is useful to extract copper from the
magnetically enriched tailings, which requires solving
some schematic problems.

In the laboratory technological study, the ore was
grinded in a jaw grinder SChKD 150x200, then the
grinder KID-100 was used. Ore grinding was carried out
in a roller ball mill with a volume of 1 L. The PBSZ-22
magnetic separator with two drums with variable rota-
tional speed and constant magnetic induction of 0.15
and 0.25 T was used for dry magnetic separation at dif-
ferent magnetic field strengths.

To simulate a continuous process of wet magnet-
ic separation, we used a system consisting of a wet
magnetic separator MMS-0.1 PM and a pump. The
magnetic induction of the drum separator is 0.15 T.
The rotation speed of the magnetic system and the
pump power are regulated. The flotation tests were
performed in the FM2M laboratory flotation ma-
chine with a chamber volume of 150—500 cm’. Va-
rious xanthates (butyl, isobutyl, amyl, isoamyl), Hos-
taflots, amyl aeroflot, lime, liquid glass, MIBK were
used. Hostaflots contained major components such
as LIB E, sodium salt of Dithiophosphoric acid O,0-
diisobutyl; Hostaflot 3403, Sodium O,O-diisobutyl
dithiophosphate; Hostaflot X-23, O-ethyl-N-isopro-
pyl thionocarbamate; Hostaflot X 231, O-N-isopropyl
thiocarbamate.

Operational determination of useful constituent
content was performed using Olympus X-5000 X-ray
fluorescence analyzer (USA) and balance determina-
tion was performed using ARL Advants X-ray fluores-
cence spectrometer (ThermoFisher Scientific, Switzer-
land).

Technological study

The main technological studies on the ore with the
aim of developing an optimal scheme and technology of
its enrichment were carried out in two directions: dry
and wet magnetic separation and copper flotation from
magnetically enriched tailings.

The scheme of laboratory tests for obtaining iron
concentrate included: grinding of the initial ore to a size
of —2+0 mm, two operations (base and control) of dry
magnetic separation, the concentrates of which were
combined. The coarseness of the combined concentrate
was 8 % of the —0.071 mm grade. The grinding of the

concentrate to a content of 63 % of the —0.071 mm grade
and its dry magnetic separation make it possible to in-
crease the quality of the iron concentrate from 52.8 % to
57.3 %, while the iron yield in the concentrate remains
constantly high at 82—83 %.

Further investigations to improve the quality of the
concentrate were carried out involving the wet magnetic
enrichment process. As a result, an optimal technologi-
cal scheme for the recovery of iron ore concentrate with
wet magnetic separation of grinded combined concen-
trate was developed (Fig. 2).

Preparation of the studied ore with grinding of the
combined dry concentrate to the content of 63 % of the
—0.071 mm grade and subsequent wet magnetic sepa-
ration according to the proposed scheme allows to ob-
tain an iron ore concentrate containing in %: 65.4 Fe,
0.01 Cu, 0.42 S, 2.7 Si, 0.95 Al. Zinc was not detected in
the iron concentrate.

For the elaboration of the final scheme of ore pro-
cessing with the definition of enrichment regimes and
parameters, studies have been carried out that allow
defining the possibility and expediency of flotation
processing of the tailings obtained after wet magnetic
separation. Magnetic separation tailings have the fol-
lowing composition, %: 0.2 Cu, 0.14 Zn, 3.5 S, 21.0 Fe,
8.9 Al, 13.4 Si. Analysis has shown that the copper
content in the magnetic separation effluents increas-

Primary product
(-2+0 mm)

|

Dry magnetic separation

}

Control separation

Concentrate 1 Concentrate 2 l
Combined Tailings 1
concentrate

Grinding
(63 % grade —0,071 mm)
Wet magnetic separation
Iron Tailings 2
concentrate

Fig. 2. Scheme of obtaining iron ore concentrate
with wet magnetic separation

Puc. 2. Cxema rosy4eHu s XeJie30pyTHOr0 KOHLIEHTpaTa
C MOKPOI MarHUTHOW cenaparuen
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es by more than 2 times and may be of economic in-
terest.

The flotation experiments to determine the flotation
and reagent regimes basic scheme were carried out ac-
cording to a scheme that included the following opera-
tions: re-grinding of the combined magnetic separation
tailings (dry and wet); the first base copper flotation
with addition of lime carbonate, liquid glass, collector
and foaming agent. In the second base flotation, 40 % of
the reagents were fed from their consumption in the first
main flotation.

Previously, tailings flotation with magnetic sepa-
ration without re-grinding (50 % grade —0.071 mm)
was carried out using butyl xanthate as collector at a
consumption rate of 40 g/t in the first and 16 g/t in
the second basic operation and foaming agent MIBK
at consumption rates of 40 and 16 g/t, respectively,
with a copper recovery rate in the common concen-
trate of 77 %. Grinding to a particle size of 75 % grade
—0.071 mm grade increased the copper recovery rate
to 83.3 %. The further increase of the fineness de-
gree up to 95 % grade —0.071 mm did not lead to sig-
nificant changes in the technological parameters of
flotation. Therefore, in further flotation studies, the
grinding mode was adopted up to a size of 75 % grade
—0.071 mm.

The effect of the collector consumption rate on
the flotation results for a total process time of 6 min
is shown in Fig. 3. From the data presented, when the
butyl xanthate consumption rate is increased up to
40 g/t, the copper extraction into concentrate reaches
88.3 % with a concentrate recovery of about 31 %.
A further increase in the collector consumption rate
does not have a significant impact on the flotation per-
formance. The low copper content in a concentrate is
connected with a high pyrite yield caused by its flota-
tion activity.

Lime carbonate Ca(OH), was used for pyrite de-
pression. The possibility of its delivery to different
points of the technological process was studied. Intro-
duction of the reagent in the flotation pulp did not lead
to satisfactory results of flotation. The results of the
study of the effect of lime in the grinding process on
the results of flotation are shown in Fig. 4. Xanthates
consumption rate during flotation was 40 g/t. MIBK
was used as a foaming agent and its consumption rate
was 40 g/t. From the data shown in Fig. 4, it can be seen
that the addition of lime carbonate during grinding can
increase the quality of the concentrate. The optimum
consumption rate for lime carbonate was 9 kg/t ore —
in this case, the copper content in the concentrate was
0.93 % and the extraction was 85 %. The increase in

Cu content
in concentrate, %

Concentrate yield,
Cu recovery into concentrate, %
100

80+

607

40-

A

204

0 T T T 0

Consumption of xanthate, g/t

Fig. 3. Butyl xanthate consumption rate influence
on concentrate yield (1), copper recovery (2)
and its concentrate content (3) (5 = 6 min)

Puc. 3. Bausinue pacxoma 0yTUI0BOro KCaHTOreHaTa
Ha BbIXOJ KOHLIeHTpaTa (1), u3BjaeueHue Meaun
B KOHLIEHTpAT (2) 1 ee conepxanue B HeM (3) (Tg, = 6 M1H)

Cu content
in concentrate, %

Concentrate yield,
Cu recovery into concentrate, %

100 1.0
80 - 3 0.8
'y
601 0.6
40 - 2 0.4
204 . R 0.2
P L —— " ’
: . 0
0 5 10 15

Lime consumption, kg/t

Fig. 4. Ca(OH), at grinding consumption rate influence
on yield concentrate (1), copper recovery rate (2) and its
content in concentrate (3) at flotation with butyl xanthate

Puc. 4. Bnusinue pacxona Ca(OH), npu usmenpbueHnn
Ha BBIXOJ KOHIIeHTpaTa (I), u3BjieyeHrEe Mean

B KOHIIEHTpAT (2) U ee coaepxkaHue B HeM (3)

npu yrotaruu 6y TUIIOBBIM KCAHTOT€HATOM

lime carbonate consumption leads to a decrease in cop-
per extraction and its content in the concentrate. Thus,
it can be seen that the alkaline environment created by
the carbonate of lime further promotes the separation of
the copper from the iron oxide [13].

The study of the influence of liquid glass on the de-
pression of rock minerals was carried out with the con-
sumption rates for xanthate — 40 g/t, lime — 800 g/t
and MIBK — 40 g/t. The increase of liquid glass con-
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sumption rate to 800 g/t results in a 2 % decrease of a
concentrate recovery rate (from 17.1 to 15.3 %), also
a 2 % decrease of copper recovery rate (from 71.8 to
69.6 %), but its content in a concentrate remains almost
the same. At the same time, aluminum extraction de-
creases by 5 %, silicon extraction — by 6—7 %.

Fig. 5 shows the kinetics of copper sulfide flotation.
It can be seen that after the 1st minute of flotation, the
copper content in the concentrate is 3.5 % and the reco-
very rate is 73 %. During the first 3 minutes of flotation,
83 % of the copper is extracted, but the copper content in
the combined concentrate decreases significantly. Thus,
the time of the first basal flotation — 1 min, the second
basal flotation — 2 min was accepted.

The results of the tests carried out with the applica-
tion of xanthates with different length of hydrocarbon
radical and structure in flotation for 1 min are shown
in Fig. 6. The comparison of butyl and amyl xanthate
shows that amyl has a stronger collecting power, which
can be explained by the large size of the hydrocarbon
radical. But in this case the quality of the concentrate
decreases. The authors [14] used quantum chemical
calculations to show that amyl xanthate binds more
strongly to a mineral surface containing copper ions
compared to other xanthates.

When comparing butyl and isobutyl as well as amyl
and isoamyl xanthates, it was found that the isomeri-
zation of the hydrocarbon radical leads to a deterio-
ration of the collection properties. This is consistent
with the data from the paper [15] that the authors ap-
plied to pyrite: “Radical isomerization of hydrocar-
bons reduces the flotation activity of pyrite due to

Cu content
in concentrate, %

Concentrate yield,
Cu recovery into concentrate, %

100 0.8
3
\
80 - -0.7
- 0.6
60 2
0.5
401
1 5 0.4
201 //_"/_‘_0.3
0 T T T T T 0.2
1 2 3 4 5 14, min

Fig. 5. Flotation with butyl xanthate kinetics

1 — concentrate yield, 2 — Cu content in concentrate,

3 — copper recovery in concentrate

Puc. 5. KuneTtuka aortauuu OyTHUIOBBIM KCAHTOI€HATOM

1 — BBIXOI KOHIIEHTpaTa, 2 — conepxanue Cu B KOHIIEHTpaTe,
3 — u3BneyeHUe Meau B KOHLIEHTPAT

10

Cu content
in concentrate, %

Cu recovery
into concentrate, %

75 o 4
>
A
3
]
70 -3
—_ _ &
. T B
65 3 - 2
7
7
//'/
2w~
60 T T T 1
0 20 40 60 80

Collector consumption, g/t

Fig. 6. Various xanthates and their consumption rate
influence on copper extraction and its content
in the concentrate

1, I’ — butyl xanthate; 2, 2" — isobutyl xanthate;
3, 3’ — isoamyl xanthate; 4, 4’ — amyl xanthate
Solid curves — content, dashed curves — extraction

Puc. 6. Biusinue pa3iMyHbIX KCAHTOI€HATOB
M UX pacxoja Ha U3BJIeUeHUE MEIU B KOHILIEHTpAT
M ee colepKaHue B HEM

1, 1’ — GyTUJIOBBII KCaHTOreHaT; 2, 2° — U300y TUIIOBBIIA;
3, 3" — u3oaMWIoBbIi; 4, 4" — aMUJIOBBII
CIUTOIIHbIE KPUBBIE — COAEPKAHUE, IITPUXOBIE — U3BIICUCHUE

the lower susceptibility of the collector to oxidation”.
Comparing straight and branched chain compounds,
the authors [16] concluded that branched chain xan-
thates higher homologues are less effective. Fig. 6
data shows that the most effective collector is butyl
xanthate at a consumption rate of 40 g/t. When using
it, the highest copper content in the concentrate is
achieved.

Thiophosphates, thiophosphinates, thiocarbama-
tes etc. are widely used to increase the flotation ef-
ficiency. These reagents are used for various sulfides
in combination with xanthates and independently
[17—23]. Our flotation studies with different collec-
tors (Fig. 7) have shown that amyl aeroflot and Hos-
taflots have weaker collection properties compared
to xanthates. Of the Hostaflots used, Hostaflot X-231
showed the strongest collection characteristics — at a
consumption rate of 40 g/t copper, the extraction rate
in concentrate was 54 % with an increase in grade in
concentrate up to 3.6 %. Stronger collecting properties
in comparison with Hostaflot were revealed in amyl
aeroflot. The maximum copper content of 3.3 % at
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0 Cu recovery into concentrate, %

a
./-0\0—0 1
2
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7
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Collector consumption, g/t

Cu content in concentrate, %
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Fig. 7. Various collectors and their consumption rate influence on copper recovery (a) and its content (b) in a concentrate
1 — butyl xanthate, 2 — Aeroflot, 3—7 — Hostaflot: 3 — 3403, 4 — LIB, 5§ — X-023, 6 — X-231, 7— 10093

Puc. 7. BiusiHue pazanuHbIX coOMpaTesieil M X pacxoia Ha U3BJeUEHUE MEIU B KOHIIEHTPAT (@)

U ee conepxkaHue B HeM (b)

1 — 6ytuioBblii KcaHToreHar, 2 — Aspodiort, 3—7 — Hostaflot: 3 — 3403, 4 — LIB, 5 — X-023, 6 — X-231, 7— 10093

extraction rate of 63.8 % was reached at the aeroflot
consumption rate of 40 g/t. By increasing the aeroflot
consumption rate, the extraction can be increased, but
the quality of the concentrate decreases. At a similar
consumption rate (40 g/t) of butyl xanthate, the cop-
per extraction in the concentrate was 73 % at a content
of 3.5 %.

In order to improve the efficiency of copper flo-
tation, studies were carried out using a combination
of xanthates with amyl aeroflot, as these collectors
demonstrated the strongest collecting properties (see
Fig. 7). Using one aeroflot reduced the copper recov-
ery by 9 % and its content by 0.2 % (Fig. 8). A compa-
rison of the results of flotation with one xanthogenate,
one aeroflot and their combination shows that flota-
tion with only one xanthogenate is preferable. There-
fore, the further ore studying was carried out with use
of butyl xanthate as collector at its consumption rate
of 40 g/t.

Based on the flotation results after determining the
optimum reagent consumption, flotation studies were
carried out to improve the quality of the copper concen-
trate using post-purification procedures according to
the scheme shown in Fig. 9. At that, the following rea-
gent regime parameters were chosen:

— the first basal flotation: liquid glass — 800 g/t,
butyl xanthate and MIBK — 40 g/t each, pH before
flotation — 11.7, CaOy., — 0.47 g/L, flotation time —
1 min;

Concentrate yield, Cu content
Cu recovery into concentrate, % in concentrate, %
80 3.6

0\.\‘\‘_2\‘

60 4 L35

404 L 3.4
3

20 - 3.3
R . ]

T — T — T — T 3.2

0 20 40 60 80 100

Aeroflot percentage, %

Fig. 8. Amyl aeroflot in a mixture with xanthate influence
on concentrate yield (1), copper extraction (2) and its content
in concentrate (3)

Puc. 8. Biusinue amuioBoro aspodJora
B CMECH C KCAHTOT€HATOM Ha BbIXOJ KOoHlleHTpaTa (1),
W3BJIEUCHUE MENT B KOHIIEHTPAT (2) U ee comepxkaHue B HeM (3)
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Balance indicators of investigated ore enrichment

BanancoBble moKa3aTeu 06oraileHus UCCaeayeMOM Py bl

Content, % Extraction, %
Product name Output, %
Fe Cu Fe Cu
Iron concentrate 54.60 65.4 0.01 80.0 5.9
Copper concentrate 0.33 26.5 15.2 0.2 54.0
Final tailings 45.07 20.0 0.08 19.8 40.1
Primary ore 100.00 44.7 0.093 100.0 100.0

— the second basal flotation: reagent consumption
rate — 40 % of the consumption during the first basal
flotation, pH before flotation — 11.5, CaOy,.. — 0.35 g/L,
flotation time — 2 min;

— the recleaning flotation (Ist and 2nd): lime car-
bonate — 330 g/t, CaOy,.. — 0.14 g/L, flotation time —
15s.

The size of the magnetic separation tailings after
regrinding with lime carbonate (9 kg/t) was 75 % grade
—0.071 mm. The basal and control flotations resulted
in final tailings. The froth product of the basal flota-

Magnetic separation tailings

Ca(OH), —

Regrirrlding

First copper
flotation (1)

)

First
recleaning (15"")

Second copper
flotation (2")

Second

recleaning (15"")

o ]

Copper
concentrate

Final tailings

Fig. 9. Scheme of obtaining copper concentrate
from magnetic separation tailings of iron ore

Puc. 9. Cxema nmony4yeHu st MEITHOTO KOHIIEHTpaTa
13 XBOCTOB MAarHUTHOM cenapauuu
JKeJIe3HOU pyabl

12

tion was processed twice. The first recleaning tailings
and the control flotation froth product were returned
to the basal copper flotation and the chamber prod-
uct of the second recleaning was fed to the first re-
cleaning. The froth product of the second recleaning
was copper concentrate with copper content of 15.2 %
(KM-7 grade according to GOST R 52998-2008,
group A32).

Thus, the scheme (Fig. 9) and the reagent regime of
the flotation cycle for obtaining copper concentrate and
tailings were developed according to the results of flota-
tion of magnetic separation tailings of iron-containing
ore. Copper concentrate contains %: 15.2 Cu, 26.5 Fe,
17.5°S, 3.47 Si, 1.4 Al and 8.5 Zn, which corresponds to
KM-7 grade (GOST R 52998-2008, group A32). The
final tailings have the following content of main com-
ponents %: 0.08 Cu, 20.1 Fe, 0.25 S, 16.2 Si, 6.4 Al and
0.045 Zn.

Balance indicators of investigated ore enrichment
are shown in the table.

Conclusion

1. The use of wet magnetic separation in deep
grinding of iron ore allows obtaining iron ore concen-
trates with iron content of 65—66 % with its extrac-
tion of 79—80 %. Thus, the Si content does not exceed
2.2—2.5%.

2. During magnetic enrichment of the ore un-
der study, copper minerals concentrate in the tailings
and the copper content in them increases from 0.093
t0 0.2 %.

3. The application of the flotation method for the
enrichment of magnetically separated tailings with their
pre-grinding and the use of butyl xanthate makes it pos-
sible to obtain a conditioned copper concentrate of the
quality KM-7 with a copper content of 15.2 %. The high
efficiency of butyl xanthate in flotation of copper min-
erals is confirmed.
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