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Abstract: The paper considers the combined effect of polysaccharides (carboxymethyl cellulose and carboxymethyl starch) with sodium
silicate in the flotation of talcose copper-nickel ore. The analysis of the flotation results and the assessment of hydrophobicity and
surface charge of minerals showed that the composition of carboxymethylated polysaccharides and sodium silicate hydrophilizes the
talc surface more effectively than each of the reagents separately. Moreover, sodium silicate alone hardly depresses the talc surface at all.
The depression of flotation-active silicates is effective when polysaccharide and sodium silicate are sequentially supplied. Under these
conditions, sodium silicate makes a significant contribution to increasing the negative charge on the talc particles surface. The effect
is more pronounced for compositions with starch, characterized by a lower degree of substitution compared to cellulose. It results in a
significantly reduced recovery of flotation-active magnesium-containing silicates and a slight decrease in sulfide recovery. To determine
the features of the mechanism of talc and sulfide minerals depression in flotation, we performed calculations using the extended DLVO
theory based on the obtained values of the zeta potential and force of detachment. We established that sulfide minerals have no potential
barrier preventing their interaction with an air bubble, regardless of the compositions of the studied depressants used. We propose the
following interaction mechanism: when sodium silicate is supplied first, the talc basal surface is very insignificantly hydrophilized
as SiO(OH);z ions are not easy to fix. On the contrary, when the carboxymethylated polysaccharide is supplied first, significant
hydrophilization of the talc surface with carboxyl groups occurs due to the hydrophobic interaction between the corresponding regions
of the macromolecule and the talc basal surface.
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TalMU, OUEHKU I'UAPpO(GOOHOCTH U MMOBEPXHOCTHOTO 3apsija MUHEPAJIOB MOKa3aHO, YTO KOMITO3U 1M1 KAPOOKCUMETUIIMPOBAHHBIX MOJIU-
caxapuIOB M XXUJIKOTO CTeKJIa TUAPODUIN3NPYET MOBEPXHOCTH TaJibKa 6osiee 2(h(HEKTUBHO, YeM KaKIblii U3 peareHTOB 110 OTAEJIbHOCTH.
ITpu 5TOM OJHO XXMAKOE CTEKJIO MTOYTH HE JEMPEeCCUpPYeT MOBEPXHOCTh Tajibka. Db deKTuBHas Aenpeccus GIoTOaKTUBHBIX CUINKATOB
JIOCTUTAETC MPU MOCJIeI0BaTEIbHOM Mogayve Mmojrucaxapuiaa v K MAKOTo cTeKJia. B 3THX yCIOBUSIX XKUIKOE CTEKJIO0 BHOCUT CYLLIECTBEHHbI I
BKJIaJl B YBEJIMUECHNE OTPUIIATEIBHOTO 3apsijia TOBEPXHOCTU YaCTUIL TaJibKa. Db GHEKT MPOSBIISETCS B OOJIbIICH Mepe 1T KOMITO3ULINY C
KpaxmaJjoM, UMEIOIINM 00Jjiee HU3KYIO CTEIEeHb 3aMEIEeH s [T0 CPAaBHEHUIO C LIEJUTION0301i. B pe3ynbraTe cylnecTBEHHO MMagaeT u3Bjiede-
HUe GJOTOAKTUBHBIX MarHUCOIEPXKALIMX CUIUKATOB ITPU HEOOIbIIOM CHUXEHUU U3BJIedeHU s CyJbhuaoB. C 11e1bI0 ONpeaeeH IS 0CO-
OeHHOCTE MeEXaHU3Ma IeIPECCUY TaIbKa U CyJIb(GUIHBIX MUHEPAJIOB IIPH (hJI0TALIMY HA OCHOBAHMH IIOJYYEHHBIX JaHHBIX 110 3HAYEHUSIM
9JIEKTPOKMHETUYECKOTO MOTEHIIMAIa ¥ CUJIbl OTPhIBA OBLIM BBHIITOJIHEHBI PacyeThl 10 pacuinpenHoii reopuu AJIPO. YecraHOBIEHO, YTO
IUISI CYTbMUIHBIX MUHEPAJIOB IMOTEHLMATbHBII 6apbep MX B3AUMOICICTBHUSI C My3bIPHKOM BO31yXa OTCYTCTBYET P IPUMEHEHU U JTI0OBIX
KOMITO3HMIIMI UCCIEIOBAHHBIX AepeccopoB. [IpeniokeH caeayolnii MEXaH u3M B3aUMOICCTBUSI: B CIydae, €C/IU B IEPBYIO OYepeab MO~
JaeTcst XKUIKOe CTeKJIO, TO TuApoduIn3aius 6a3aibHO MOBEPXHOCTH TalbKa BeCbMa He3HAUMTEIbHA 110 MPUYMHE 3aTPYHEHMST 3aKpe-
mteHust noHoB SiO(OH)37; HanpoTuB, Koraa cHayajia BBOAMTCH KapOOKCHUMETUIMPOBAHHbBIA MOJMCaXapyl, TPOUCXOIUT CYIECTBEHHAS
TUAPOGUIN3AIMS TOBEPXHOCTH TalbKa KapOOKCHIbHBIMHU TPYITTIaMU BCJIEACTBUE TMAPOGOOHOr0 B3aUMOAEHCTBI S MEXIY COOTBETCTBY-
IOLIMMU yYaCTKaMKM MaKpPOMOJIEKYJIbI M 6a3aIbHOM MOBEPXHOCTH TaJIbKa.

Kuaouessie cioBa: diiotanviss, ruipodoOHOCTD, SMEKTPOKMHETUUECKUI TOTEHITUA, TATBK, KUIKOE CTEKJI0, KApOOKCUMETUINPOBAHHAS
LIEJITI003a, KapOOKCUMETUIUPOBAHHBII KpaxMall, MelHO-HUKeJieBasi pyaa.
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Introduction

Efficient depression of rock minerals is crucial
in the flotation of copper nickel ores since naturally
hydrophobic talc and other flotation-active magnesi-
um-containing silicates may easily be recovered into
the flotation concentrate, increasing the costs of fur-
ther pyrometallurgical processing. Plant-based po-
lysaccharides are widely used for talc depression [1].
Earlier research focused on various talc depressants,
including the most effective one — carboxymethyl
cellulose (CMC) [2]. The main difficulty in applying
polysaccharides is their selectivity. With an increased
molecular weight of the reagent, depressing ability
improves, but the sulfides recovery in the concentrate
deteriorates [3—7]. Therefore, it is important to look
for ways to boost selectivity and reduce recovery of
magnesium-containing silicates in the concentrate
when using depressants of flotation-active rock min-
erals.

An analysis of literature data on the use of reagent
complexes and their mechanism of action in the flo-
tation of talcose copper-nickel ores proved the viabi-
lity of using compositions of sodium silicate (SS) with
carboxymethylated polysaccharides [§—12]. Accord-
ing to [13], the sequential supply of acidified sodium
silicate (SS) and CMC enhances the efficiency of flo-
tation separation of chalcopyrite and talc due to the
hydrophilization of talc basal surfaces by polymeric
silicic acid formed during SS acidification. Thus, in
the flotation with a CMC concentration of 500 mg/L,

6

the recovery of chalcopyrite and talc in the concen-
trate amounted to 16 % and 45 % respectively, against
95 % and 90 % without a depressant. Moreover, the
addition of acidified SS only during the flotation had
practically no impact on the recovery of these minerals
in the concentrate.

However, researchers in [14] note that the addition
of sodium silicate acidified with oxalic or hydrochlo-
ric acids reduces the floatability of silicates. At the
same time, the sequential supply of these depressants
with an SS concentration of 250 mg/L and a CMC
concentration of 300 mg/L ensured, respectively, 28 %
and 43 % recovery of talc and chalcopyrite in the con-
centrate. The paper [15] showed that in the talc flota-
tion with the pH medium increasing from 8.6 to 10.5
and the non-acidified SS concentration surging from
0 to 300 mg/I, the recovery of talc in the concentrate
rises from 70 % to 78 %. However, with a further in-
crease in pH and SS consumption, it drops, which,
in our opinion, can be attributed to the enhanced
concentration of double-charged anions SiO,(OH); ™~
at pH above 10.5. It is also indicated that the use of
CMC in combination with SS causes a reduction of
roughly 7 % in the talc recovery in the concentrate.
At the same time, it remains unclear how the order
of feeding non-acidified SS and polysaccharides af-
fects the surface properties of talc, sulfide minerals,
and, in general, the results of talcose copper-nickel
ore flotation.
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Many researchers [12; 15; 16 et al.] attribute the de-
pressing effect of sodium silicate to the hindrance of the
collector’s sorption on the mineral surface. Non-acidi-
fied SS is known to have a depressing effect on quartz in
a weakly alkaline medium as SiO(OH)5 ions are fixed
on its surface [17]. It also affects flotation-active fors-
terite (forming a chemical compound with magnesium
[18]) and serpentine in a strongly alkaline medium, as
the positive surface charge of these minerals is compen-
sated by SiO,(OH); ™ anions [19]. Thus, SS impacts sil-
icate minerals through different mechanisms of depres-
sion.

The literature data on the properties of SS solutions
(e.g., [20]) indicate that the molecular form H,SiO,4
predominates in a slightly alkaline medium at pH =
= 7.0+9.4, with single-charged anions SiO(OH); are
also present in relatively small amounts. Considering
that about 90 % of the surface of talc particles is rep-
resented by basal areas characterized by very high hy-
drophobicity due to relatively low-polarity Si—O bonds
prevailing [21], there are reasons to believe that the ad-
sorption value of Si(OH), and SiO(OH)3 in a weakly
alkaline medium is relatively small. This is probably
why these compounds do not contribute to talc hydro-
philization or an increase in the absolute value of the
negative {-potential of the surface. The findings of [15]
also support this assumption.

The purpose of this work is to determine, using the
example of flotation of out-of-balance copper-nickel ore,
the conditions under which compositions of non-acidi-
fied sodium silicate and polysaccharide depressants have
a potent depressing effect on flotation-active silicates.

The objective of the research was to find out how de-
pressants should be applied to reduce the concentrate
yield while maintaining acceptable copper and nickel
recovery.

Materials and methods

The research aims to study the depressing effect of
depressant compositions on talc and other flotation-ac-
tive silicates in the flotation of talcose copper-nickel ore.

For flotation experiments, we used the ore compris-
ing the following major elements, %:

(T E 0.12
1\ T 0.2
(o S 0.01
S oo 0.8
FC oo 1.9
ME oo 0.94
Y0 TS 50.5

Its mineral composition includes the following ele-
ments, wt.%:

ChalCopyrite.......uvvvvvvreririririiiireiiniiinnnenns 0.3
Pentlandite ........cocoeeeeeivciiniiniencenncnne. 0.6
Pyrrhotite.......coovvvvviiiiiiiiiiiiiiiiiiiiieiiiennns 0.2
PYTite oo 0.14
PYroXene .........cooevvvevvvviievieiiiieiieeiienininnnns 58
TalC oo, 12
Amphiboles.................cccco 8
Magnesite.......cevvvvverrrrrrirrerirerrrerrenaeennees 3.75
Plagioclases...........euvvvvvvevvvvevrieiiiniinennnnnnnn 1

By the content of valuable components, the ore is
classified as out-of-balance.

The scheme shown in Fig. 1 was used to conduct
flotation of the ore crushed to a size of 84 % grade
—71 um, at pH = 7 (generated by the flotation medi-
um). In the main flotation, the silicate depressant was
fed first, to be followed by the collector — butyl xan-
thogenate 50 g/t. Methylisobutylcarbinol (MIBC),
with consumption of 20 g/t, was used as a foaming
agent. Reagent consumption in the control flotation
amounted to 40 % of that in the main flotation. The
concentrates from the main and control flotations
were then combined. The following reagents were
used as talc depressants:

— sodium silicate;

— carboxymethyl starch CMS-BUR (JSC NPO
“Polycell”, Russia), with 0.4 degree of substitution
of hydroxyl groups by carboxyl ones and 60 % con-
tent of the active substance;

— carboxymethyl cellulose (polyanionic cellulose)
PAC-N (JSC NPO “Polycell”) with a 0.9 deg-
ree of substitution at 45 % of active sub-
stance.

Depressants concentrations and consumption were
recalculated taking into account the content of the ac-
tive ingredient in the reagent.

The changes in the minerals hydrophobicity
caused by depressants were evaluated by determining
the force of air bubble detachment from the mineral
surface using a torsion balances. Sections of natu-
ral samples of pyrrhotite, pentlandite, and talc were
measured [22]. NaOH was used to provide a pH =7
solution.

The zeta potential of the minerals was determined
using a ZETA-check PMX 500 device (“Particle Met-
rix”, USA). A 0.2 g sample of finely ground mineral was
placed in a 50 ml cell. The measurement principle is
based on the evaluation of the flow potential.
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Crushed ore
84 % grade —0.071 mm

Silicate depressant
Butyl xanthogenate — 50 g/t

| ]

Main flotation

Concentrate Tails

—

Control flotation

MIBC - 20 g/t

Silicate depressant
Butyl xanthogenate — 20 g/t
MIBC - 8 g/t

Concentrate

l

Concentrate

Fig. 1. Scheme of flotation experiments

Puc. 1. Cxema p10TalluOHHBIX OMTBITOB

Results and discussion

Figure 2 shows the findings of flotation studies of
copper-nickel ore with sodium silicate, carboxymethyl
starch, and carboxymethyl cellulose, as well as combi-
nations of SS + CMS-BUR and SS + PAC-N. Based
on the analysis, we came to the following conclusions:
sodium silicate does not significantly depress rock
minerals; the concentrate yield decreased by 10 % from
52.9 % to 42.8 %, at an SS consumption of 5.6 kg/t.
The PAC-N reagent demonstrates better depressing
properties compared to CMS-BUR. At the same con-
sumption of 700 g/t, the use of CMS-BUR reduced the
concentrate yield from 52.9 % to 40.9 %, PAC-N re-
duced it to 22.6 %. The combinations of depressants in
the compositions of SS + CMS-BUR and SS + PAC-N
showed stronger depressant properties compared to
each reagent separately. When the combination of
SS + CMS-BUR is used, the order of feeding the de-
pressant is important. When SS is introduced first,
followed by CMS-BUR, the concentrate yield drops
to 27.9 %, However, if SS is fed after starch, the yield
plummets to 18.8 % (see Fig. 2, a). Therefore, it is rec-
ommended to feed SS after CMS-BUR. The combined
use of PAC-N and SS also enhances the depressing
effect in the flotation (see Fig. 2, b), but the order of
feeding reagents does not significantly affect the re-
sult. With an SS consumption of 5.6 kg/t and PAC-N
consumption of 700 g/t, the concentrate yield de-
creases from 52.9 % to 15.9 %. For the composition
CMS-BUR + S8, the minimum required depressant
consumption is 280 g/t of starch and 1.4 kg/t of SS,
and its further increase does not affect depression (see
Fig. 2, a). When PAC-N + SS is used, the concen-

Tails

trate yield gradually declines with increasing reagent
consumption (see Fig. 2, b). 1.4 kg/t of SS; further in-
creases do not affect depression (see Fig. 2, a). When
PAC-N + SS is used, the concentrate yield gradual-
ly declines with increasing reagent consumption (see
Fig. 2, b).

Figure 3 shows the results of copper and nickel re-
covery into the concentrate using compositions of SS +
+ CMS-BUR and SS + PAC-N depressants. With an SS
consumption of 5.6 kg/t and polysaccharide consump-
tion of 700 g/t, CMS-BUR showed slightly better selec-
tivity for nickel: nickel recovery was 58.6 %, while with
PAC-N, this value was 54.4 %.

The results of measurements of the air bubble de-
tachment force from the talc surface showed that the
combined use of depressants (Fig. 4, a, curves 4and 5)
increases the hydrophilization of the mineral sur-
face compared to each depressant used individually.
For pentlandite and pyrrhotite (Fig. 4, b and ¢), the
compositions reduce the hydrophobicity of sulfides,
but to a lesser extent than for talc. Thus, for talc
with the maximum concentration of each depressant
(600 mg/L), the detachment force drops from 300 uN
to 50 uN, while for sulfides under the same conditions,
it decreases by 50—60 uN to 280—290 uN. It was
found that the different order of feeding depressants
barely affects the force of air bubble detachment from
the mineral surface.

The zeta {-potential of talc shifts more in the pres-
ence of different depressants (Fig. 5, a) when sodium
silicate is added. With its content of 250 mg/L, the value
of {-potential is —48 mV, while with the same concen-
tration of CMS-BUR and PAC-N, it is about —35 mV.
The effect of SS addition to polysaccharides is most pro-
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0 Concentrate yield, %

Concentrate yield, %

Without
a depressant

SS— 1,4 kg/t SS - 2,8 kg/t SS - 5,6 kg/t
CMS-BUR - 280 g/t CMS-BUR —420 g/t CMS-BUR — 700 g/t

Without
a depressant

SS - 1,4 kg/t
PAC-N - 280 g/t

SS - 2.8 kg/t
PAC-N — 420 g/t

SS— 5.6 kg/t
PAC-N - 700 g/t

Fig. 2. Impact of the composition of depressants CMC-BUR with SS («) and PAC-N with SS (b) on the concentrate yield

in the flotation of copper nickel ore

a: 1-SS,2— CMS-BUR, 3—SS + CMS-BUR, 4— CMS-BUR + SS

b: 1—SS,2— PAC-N, 3 — SS+ PAC-N, 4— PAC-N + SS

Puc. 2. Bausianue couetanus aenpeccopoB KMK-BYP ¢ 2KC (@) u [TALI-H c 2KC (b) Ha BbIX0a KOHIIEHTpaTa

rpu GJIOTALMK MEIHO-HUKEIEBO PyIbl

a: 1 - XKC, 2— KMK-BYP, 3 - XKC + KMK-BYP, 4— KMK-BYP + XKC

b: 1—2XKC, 2—-TIAL-H, 3 - KC + [TAL-H, 4 — I[TAL-H + KC

Recovery, %

Recovery, %

100 7 100 b
. 1 - 1
80 2 I 80 4 5 / / i
- ] P ] | —
60 2 2 60 - 2 2 5
401 40
204 20 -
0 = T O = T T
Without SS— 1,4 kg/t SS - 2,8 kg/t SS —5,6 kg/t Without SS - 1,4 kg/t SS - 2,8 kg/t SS - 5,6 kg/t
a depressant CMS-BUR - 280 g/t CMS-BUR —420 g/t CMS-BUR — 700 g/t a depressant PAC-N — 280 g/t PAC-N —420 g/t PAC-N - 700 g/t

Fig. 3. Impact of the composition of depressants CMS-BUR + SS (a) and PAC-N + SS () on the recovery of Cu (1) and Ni (2)

in the flotation of copper nickel ore

Puc. 3. Bniusnue kommnosunnu nenpeccopoB KMK-BYP + XKC (a) u [TAL-H + KC (b) na uzsneuenue Cu (1) u Ni (2)

npu GJOTallMU MEAHO-HUKEJIEBOI Py bl

nounced with its content of 100 mg/L. When the con-
centration of polysaccharide was increased to 250 mg/L,
the value of {-potential was close to that in the presence
of one SS.

For chalcopyrite, the shift of {-potential was almost
the same regardless of the depressant (Fig. 5, b). The
value of zeta potential of chalcopyrite without reagents
is —4 mV, while in the presence of CMS-BUR and
PAC-N, the concentration of each being 250 mg/L,
it reaches —8.5 mV, and when SS is added, this value
amounts to about —10 mV. The combination of depres-
sants, with 100 mg/L SS concentration and 250 mg/L
polysaccharide concentration, shifts the potential to
—10 mV.

The zeta potential of pyrrhotite without reagents
reaches —8.8 mV (Fig. 5, ¢), and it shifts more when so-
dium silicate is added. The combination of depressants
shifts the potential toward negative values by 1—2 mV
up to 11 mV.

Thus, when depressants affect talc at a concentra-
tion of 250 mg/L, the zeta potential shifts from the in-
itial value by 16—28 mV to the values of —36...—48 mV
depending on the depressant. For sulfides (pyrrhotite
and chalcopyrite) {-potential is —8...—10 mV with a
shift from the initial one by 1—2 mV towards negative
values.

To determine the features of the mechanism of talc
and sulfide minerals depression in the flotation based

9
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0 Detachment force, pN

a
0 T T T
200 400 600 800
Reagent concentration, mg/L
Detachment force, uN
c
340
320 1
300
280 T T
0 200 400 600 800

Reagent concentration, mg/L

on the obtained values of the zeta potential and detach-
ment force, we made calculations using the extended
DLVO theory, taking into account the components
of the potential energy of interaction between a min-
eral particle and an air bubble: electrostatic (Uy with
the “+” sign), molecular (U, with the “—” sign) and
hydrophobic (Uy with the “—” sign). The calcula-
tion method based on this theory for talc depression
is described in [23]. According to [24], if the curve
showing dependence of the total potential energy (U)
of the particle interaction with a bubble on the dis-
tance between the surfaces of these objects () has a
barrier with a height of minimum 10 k7" (where k =
= 1.38:10723 J/K — Boltzmann constant; 7 — abso-
lute temperature, K), the interaction of these objects is
hampered. When the barrier is lower or non-existent,
the interaction is unimpeded.

Considering the literature data, the following pa-
rameter values included in the equation of the extended
DLVO theory were used in the calculations:

— ionic strength of the dispersion medium —
0.04 mol/L;

10

Detachment force, pN

b
340
320 4 1
2
300 - 3
4
5
280 . r ;
0 200 400 600 800

Reagent concentration, mg/L

Fig. 4. Force of detachment of an air bubble from
the surface of talc (@), pentlandite (b)

and pyrrhotite (¢) at pH =7

1—SS,2— CMS-BUR, 3— PAC-N,

4—SS + CMS-BUR, 5—SS + PAC-N

Puc. 4. Cuuta oTpbiBa My3bIpbKa BO3ayxa

OT MOBEPXHOCTEH TanbKa (a), MeHTAaHauTa (b)
U nuppoTuHa (¢) npu pH = 7 B 3aBUCUMOCTH
OT KOHIICHTpAILIMK peareHTa

1—-2XKC, 2—-KMK-BYP, 3 -TIALI-H,
4—KC+ KMK-BVYP, 5 - KC + ITALI-H

— Hamaker constants for talc particles and air bub-
bles are 1.7-1072% and 3.7-1072° J, respectively;

— the surface potential (¢) of air bubbles in the aque-
ous medium at pH = 7, according to various data, ranges
from —0.037 to —0.265 V.

Figures 6 and 7 features the calculated curves
of U dependence on 4 at pH = 7. The presented da-
ta demonstrates that in the absence of reagents the
calculated curve is entirely in the region of negative
U values, since talc particles, due to their natural
hydrophobicity, freely interact with air bubbles. In
the presence of individual reagents, including SS,
CMS-BUR and PAC-N, maxima emerge on the
curves corresponding to the value of 4 ~ 2+3 nm. They
are located above the curve for the reagentless mode,
but still entirely within the region of negative values,
even when the consumption of investigated reagents is
at its maximum.

Figure 6 also shows that curve 4 corresponding
to SS is located above curves 2 and 3 for PAC-N and
CMS-BUR. We attribute this to the fact that some part
of carboxyl groups does not participate in forming the
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negative charge of the talc surface due to steric hin-
drances and incomplete dissociation. At the same time,
silicic acid ions are characterized by a denser arrange-
ment on the talc surface, which causes a greater negative
charge and, consequently, a greater value of the electro-
static component.

Figure 7 shows that the use of PAC-N composi-
tion with SS creates a potential barrier of interaction
between the particle and the bubble with an ordinate
of about 10 k7. This is presumably due to the fact that
PAC-H hydrophilizes the talc surface with carboxyl
groups. This, in turn, creates favorable conditions for
additional hydrophilization of talc by SiO(OH)5 ions
and increase in the negative charge of the surface. At
the same time, compared to the mode without reagent
supply at the point corresponding to the maximum
height of the potential barrier (4 = 1.7 nm), the value
of Uy is 4.5 times higher, and that of Uy is 1.4 times
lower. This gives reasons to suggest that the electrostat-
ic component makes the most significant contribution
to the barrier formation due to the increased number
of negatively charged groups on the talc surface. This
effect is the greatest for PAC-H, for which the degree
of substitution is 0.9. At the same time, CMS-BUR,
characterized by a much lower degree of substitution

C-potential, mV

-11 T
0 50

100 150 200 250

Reagent concentration, mg/L

300

Fig. 5. {-potential of talc (@), chalcopyrite (b)
and pyrrhotite (¢) with different depressants at pH=7

1— CMS-BUR, 2— PAC-N, 3 — SS,
4SS (100 mg/l) + CMS-BUR,
58S (100 mg/l) + PAC-N

Puc. 5. {-moteH1Man TanbKa (@), xaabkornupura (b)
U TMPPOTHHA () C pa3HBIMU JCTIPeccopamMmu

mpu pH = 7 B 3aBUCUMOCTH OT KOHIICHTPAIIUY
peareHTa

1— KMK-BYP, 2 — TIALI-H, 3 — XC,
4 KC (100 mr/n) + KMK-BYP,
5—KC (100 mr/n) + TALL-H

(0.4), cannot create a potential barrier under the same
conditions.

Also, the calculations revealed that for sulfide min-
erals, there was no potential barrier in their interaction
with an air bubble no matter what compositions of inves-
tigated depressants were used.

Based on the above, the following mechanism of talc
depression by the compositions of polysaccharides and
SS seems feasible. If SS is fed first, the hydrophilization
of the basal surface of talc is insignificant as SiIO(OH)z
ions are not easy to fix. On the contrary, when the car-
boxymethylated polysaccharide is fed first, according
to the detachment force measurement data, the talc
surface is substantially hydrophilized by the carbox-
yl groups due to hydrophobic interactions between the
corresponding sites of the macromolecule and the talc
basal surface. This, in turn, creates favorable conditions
for additional hydrophilization of talc by SiO(OH);
ions, and their contribution to the increase in the neg-
ative charge of the surface is more noticeable for the
CMC-BUR reagent with a 0.4 degree of substitution
compared to PAC-N, for which this parameter is 0.9.

Thus, the depressant reagents decrease the hydro-
phobic component and increase the electrostatic one due
to their negative charge.

1
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Fig. 6. Potential curves illustrating the interaction of air
bubbles and talc particles with individual depressants
in the quantity of 250 mg/L each at pH =7

1 — without reagents, 2— CMS-BUR, 3 — PAC-N, 4—SS

Puc. 6. [loTeHuMaIbHBIC KPUBBIC B3aUMOACICTBU S
IMy3bIPHKOB BO3/yXa U YaCTUII TaJbKa

C MHIMBHMAYAJbHBIMU JAETIPECCOPaAMU

B KosimuecTBe 250 Mr/n Kaxaoro rnpu pH =7

1 — 6e3 pearentos, 2 — KMK-BYP, 3 — [NALI-H, 4 — XKC

U, kT
0-
—2000 -
—4000
1
—-6000
2
—-8000
3
-10000 T T T T
0 2 4 6 8 h, nm

Fig. 7. Potential curves illustrating the interaction of air
bubbles, talc particles (Z, 2) and pyrrhotite (3)

with depressant compositions

1—PAC-N +SS,2—- CMS-BUR + 8§, 3— PAC-N + SS
Concentrations: SS — 100 mg/L, CMS-BUR — 250 mg/L,
PAC-N — 250 mg/L

Puc. 7. [loTeH1IManbHbIE KPUBbIE B3aUMOJEHCTBUS
MMy3bIPHKOB BO3AyXa M YacTUIl Tajbka (1, 2)

¥ MUppOoTHHA (3) ¢ KOMITO3UIIMSIMU IEITPECCOPOB
1—TIAL-H + XC, 2—KMK-BYP + XKC, 3 —TTAL-H + XKC
Konuenrparuu KC — 100 mr/n, KMK-BYP — 250 mr/n,
MALL-H — 250 mr/n
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Conclusion

The investigation of the flotation of talcose cop-
per-nickel ore, along with the assessment of the hydro-
phobicity and surface charge of minerals, revealed that
the combination of carboxymethylated polysaccharides
and sodium silicate hydrophilizes the talc surface more
effectively than each of the reagents separately. However,
sodium silicate alone hardly depresses the talc surface at
all. The depression of flotation-active silicates is effective
when polysaccharide and sodium silicate are sequential-
ly supplied. Under these conditions, SS contributes sig-
nificantly to the increase in the negative charge on the
talc particle surfaces. This effect is more pronounced for
compositions with starch characterized by a lower degree
of substitution compared to cellulose.

The combined use of carboxymethylated polysaccha-
ride and sodium silicate considerably reduces the yield
of concentrate due to the depression of flotation-active
magnesium-containing silicates, with a slight decrease
in the recovery of sulfides. This subsequently creates
conditions for enhancing the efficiency of the concen-
trate’s pyrometallurgical processing.
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