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Abstract

Oneofthemainchallengesin processing fresh ferruginous quartzites is to obtain high-qualityiron ore concentrates
containing more than 70% total iron and less than 1.8% silica to produce DR pellets and hot Briquetted Iron (HBI).
Currently, it is widely recognized that the most effective methods to achieve high-quality iron ore concentrates
is through reverse flotation using cationic amine collectors in an alkaline medium. However, due to the very fine
impregnation of magnetite in quartz, the insufficiently complete release of magnetite even with fine grinding,
and the proximity of the flotation (surface) behavior of the separated minerals, high-quality concentrates are
not always achievable in the flotation process. Consequently, exploring methods to enhance the efficiency of
flotation separation of minerals and improve concentrate quality remains a pertinent issue. Historical studies
have shown that electrochemical treatment can adjust the properties of reagents, enhance their effect on specific
minerals, and thus control the flotation process. The efficiency of quartz and other silicates flotation by amines
significantly depends on the ratio of ionic and molecular forms of the reagent in aqueous solutions of the collector
and in the flotation pulp. Altering this ratio can impact the outcomes of reverse cationic flotation of iron ores. It
is feasible to change the ratio of the amine forms through electrochemical oxidation or reduction of the reagent
solution. Moreover, the electrochemical treatment facilitates the dispersion of the amine in the aqueous medium
and its physical adsorption on minerals. Therefore, electrochemical pretreatment of amines can be considered a
promising method for intensifying the reverse flotation of iron ore. This paper presents research results aimed at
improving the quality of the oversize of the fine screening of ordinary magnetite concentrate from Mikhailovsky
GOK, named after A. V. Varichev, through the use of electrochemically treated solutions of cationic amine class
collectors in the process of reverse cationic flotation. The research findings confirmed the feasibility of using
preliminary diaphragmless electrochemical treatment of reagents Tomamine RA-14 and Lilaflot 811M (esters
of monoamine of different composition) for the targeted modification of their properties and for increasing
the efficiency of reverse flotation. Consequently, the silica content in the flotation cell product decreased from
1.66-1.7% to 1.51-1.56, with the grade of total iron exceeding 70%.
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AHHOTauusa
OpHOIt 13 OCHOBHBIX 3a/ia4 MU repepaboTKe HEOKMCIEHHbBIX JKeJIe3UCThIX KBAPIIMTOB SIBISETCS MOyJYeHne

BBICOKOKAUeCTBEHHBIX JKeJe30PYIHbIX KOHLIEHTPATOB, comepkaumx 6onee 70 % skeme3a o6IIero u MeHee
1,8 % xpemHesema nijis romydeHust DR-0oKaThIIIE 1 TOpsSTue6pMKETMPOBAHHOTO Kele3a.
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B HacTosIee BpeMs 06IIeNpr3HaHO, UTO Haubosee 3(PpGeKTUBHBIM CIIOCO60M TOMYyUYEeHMST BbICOKOKaUe-
CTBEHHBIX JKeJIe30PYIHbIX KOHILIEHTPATOB SIBJIsIeTCSl obpaTHast (uioTaiusi KaTMOHHBIMM COOMpaTeIsIMu
aMMHaMM B IIeJIOYHOI cpele, OMHAKO M3-3a TOHYAalilleil BKpalJIeHHOCTY MarHeTuTa B KBapll, HeJI0CTa-
TOYHO ITOJIHOTO PACKPBITMS MarHeTUTa Jayke IMpPU TOHKOM M3MeJbUeHUM, a TaKKe U3-3a 6am3octu ¢io-
TaIMOHHBIX (TOBEPXHOCTHBIX) CBOVICTB pa3s/esisieMbIX MUHEPAJIOB Jake B Iporecce ¢roTanuy He BCerma
BO3MOSKHO BBIJIEJIUTh BbICOKOKAUECTBEHHbIE KOHIIEHTPAThI. B 3TOI CBSI3U OCTAETCS aKTYaJbHBIM IMOMCK
CIT0c060B MOBbIEeHMS 3DGEKTUBHOCTY DIOTALMOHHOIO pasie/ieH)sI MMHEPAJIOB U ITOBBIIIEHNST KaueCcTBa
KOHIIeHTpaTa.

PaHee npoBegeHHbIMM MCCIEA0BAHMSIMY [I0OKa3aHO, UTO C IOMOIIBIO JIEKTPOXMMUUECKOI 00pabOTKI MOK-
HO peryamMpoBaTh CBOVICTBA PeareHTOB, YCUMIMBATh X BO3MIEICTBME Ha OIpe/ie/ieHHbIe MUHEPaJIbl ¥ TAKUM
06pasoM ympasisATh npoieccom duiotauyu. [IocKonbKy 3G GheKTUBHOCTD (BoTanmm KBapia U IPyrux Cu-
JIMKATOB aMMHaMM B CYIIeCTBEHHOJ Mepe 3aBUCUT OT COOTHOIIEHMSI MOHHOM M MOJIEKY/ISIPHBIX (GOpPM pe-
areHTa B BOAHBIX pacTBOpax cobupatesiss U BO (QUIOTALIMOHHO ITyJIbIle, MU3MEHEHME ITOTO COOTHOIIEHUS
MOSKET BJIMSITh HA pe3y/IbTaThl 00paTHOI KaTMOHHOM (QI0oTaluy KeJIe3HbIX py. I3MeHeHe COOTHOIIEHMS
(bopM aMMHa BO3MOSKHO MNP JIEKTPOXUMMUUYECKOM OKMCJIEHUM VJIM BOCCTAHOBJEHUM PacTBOpa peareHra.
KpoMme Toro, 31eKTpoxumMmuueckass 00paboTKa CIioco6CTBYeT AyucIiepraluyy aMiHa B BOIHOI cpefe 1 ero ¢pu-
3MUeCKOIi agcopbiiuy Ha MuHepaniaxX. COOTBETCTBEHHO, IIpeiBapMUTeIbHAas JIEeKTPOXMMuUUeckast o6paboTka
aMMHOB MOXKET pacCMaTpUBAThHCS KaK OJHO 13 MePCIeKTUBHbBIX HallpaBIeHMii MHTeHCHuduKaLIuu 06paTHOI
moTamuu xee3HbIX Py,

B cTaThe mpeacTaBeHbl pe3yabTaThl IOMCKOBBIX MCCIEMOBAHMIA 10 YIYUIIEHMIO KaueCcTBa KOHIIEHTPATa, IMo-
JIY4eHHOTO ¢UIOTaLMeli MEeJIKOTO TPOXOUEHMST PSIIOBOIO MarHETUTOBOTO KOHIIeHTpaTa MuxaitnoBckoro 'OKa
M. A.B. BapuueBa 3a cueT MCII0JIb30BaHMs B IIpoliecce 06paTHOM KaTMOHHOM (UIOTalui 3/IeKTPOXMMUYUECKU
00pabOTaHHBIX PACTBOPOB KaTMOHHBIX COOMpaTeieii K1acca aMIHOB.

Pe3ybTaThl HOMCKOBBIX MCC/IENOBAHMIT IOATBEPAMIIV BO3MOKHOCTD IIPYMEHEHMS TTpeaBapUTEIbHOM 6e311-
aparMeHHOJi IEKTPOXMMIUYECKOI 00paboTku peareHToB Tomamine PA-14 u Lilaflot 811M (a¢pupoB mo-
HOAMMHA Pa3JIMYHOTO COCTaBa) IJIs1 HAIpaBJIeHHOTO MOAMMUIIVPOBAHMS UX CBOJCTB U MOBBIMIEHUS 3¢ deK-
TUBHOCTYM 06paTHO (oTalyy HaZpelleTHOTro MPOAYKTa: COlepskaHue KpeMHe3eMa B KAMEePHOM MTPOOYyKTe
cHusuiock ¢ 1,66—1,7 % no 1,51-1,56 nipu comepskaHuu xxejesa obiero 6omee 70 %.

KnioueBble cnoea
HEOKJCIEHHbBIE JKeJIe3MCThie KBapIMThl, MAaTHETUTOBbIV KOHIIEHTPAT, 00paTHasi KaTMOHHAas (oTauusi, aMmu-
HBI, 3JIEKTPOXMMMYECKasd 06pa6OTKa
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Introduction

One of the primary challenges in the proces-
sing of fresh ferruginous quartzites is obtaining
high-quality iron ore concentrates with over 70%
total iron and less than 1.8% silica for the produc-
tion of DR pellets and direct reduction iron. Recent
studies [1, 2] explore the potential of enhancing the
efficiency of ferruginous quartzite processing, in-
cluding improving the quality of ordinary magnetite
concentrate through fine screening. The unique tex-
ture and structure of these ores, characterized by the
finest unreleased impregnation of quartz in magne-
tite and vice versa, along with complex intergrowths
of magnetite, quartz, and other silicates, make it
challenging to achieve the desired quality of mag-
netic separation concentrates, even with fine grin-
ding. Therefore, fine screening of ordinary magne-
tite concentrates separated by magnetic separation,
additional grinding of the oversize, and further fi-
nishing by flotation are required to improve the mag-
netite concentrate quality. Studies [3, 4], analyzing
the material composition of the fine screening over-
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size from ordinary magnetite concentrate of mag-
netic separation, reveal that a significant part of all
mineral phases in the initial oversize are intergrown
with each other. Grinding the material to a grain size
of 80% —30 microns leads to a more complete release
of lean magnetite intergrowths, increasing the pro-
portion of magnetite in the form of rich intergrowths
while maintaining the proportion of magnetite as
released grains. Moreover, inclusions of quartz and
celadonite in magnetite, indiscernible as separate
mineral phases and identified only through aver-
age elemental composition, remain unreleased even
with fine grinding, leading to a decreased quality of
the magnetite concentrate. Study [3] presents theo-
retical performance predictions, while studies [5, 6]
provide experimental results of reverse cationic flo-
tation of the oversize.

It is now widely acknowledged that reverse flo-
tation using cationic amine collectors in an alka-
line medium is the most effective method for iron
ores and concentrate flotation [7-9]. Study [7] offers
a comprehensive review of collectors, depressors,
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and medium regulators globally utilized in iron ore
flotation. Publications [8, 9] detail the characteristics
of amine cationic collectors, explore various amines,
and present the results of their application in iron
ore flotation based on pulp pH and quartz grain size
distribution. The superiority of cationic reverse flo-
tation over anionic flotation of iron ores has been
established through comparison [10], and the study
on the role of starch consumption as a depressor of
iron minerals in reverse flotation by amines in an al-
kaline medium showed the potential to increase iron
recovery into the cell product [11]. Reviews [12, 13]
also highlight the efficiency of reverse cationic
flotation of iron ores by amines in an alkaline me-
dium. However, achieving high-quality concentrates
through reverse flotation with amines is sometimes
hindered by the insufficient release of magnetite
even with fine grinding, the presence of magnetite
intergrowths with quartz and other silicates, and
the proximity of flotation (surface) behavior of the
separated minerals. Attempts to enhance the se-
lectivity of silicates and Ca — containing mineral
flotation to separate magnetite using a mixture of
collectors, however have been explored in [14, 15],
but finding ways to improve mineral separation ef-
ficiency and magnetite concentrate quality remains
a crucial pursuit.

Historical studies have shown that electroche-
mical treatment can modify the properties of rea-
gents, amplify their effect on certain minerals, and
thereby control the flotation process [16, 17].

The reagent’s form in aqueous solution signifi-
cantly influences the structure and composition of
the mineral particles’ surface hydrophobic layer,
affecting their flotation behavior. The aqueous me-
dium may contain ionic, molecular, polymeric, and
micellar forms of amine in ratios that depend on
reagent concentrations and medium conditions [18].
Since the flotation efficiency of quartz and other sil-
icates by amines largely relies on the ratio of ionic
and molecular forms of the reagent in collector solu-
tions and the flotation pulp, changing this ratio can
impact the results of reverse cationic flotation of iron
ores [18]. Modifying the amine forms ratio is possi-
ble through electrochemical oxidation or reduction
of the reagent in an aqueous solution. Furthermore,
electrochemical treatment aids in the dispersion of
the amine in the aqueous medium and its physical
adsorption on minerals.

Given the foregoing, and based on literature
data, the potential for intensifying the reverse flo-
tation of iron ores with amines after their preli-
minary electrochemical treatment is considered
promising.
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This paper presents research findings on im-
proving the quality of the oversize of fine screening
of ordinary magnetite concentrate through the use
of electrochemically treated solutions of cationic
amine class collectors in the process of reverse cati-
onic flotation i.e., the application of additional flota-
tion beneficiation of the oversize.

Research Subjects and Methods

The research focused on the oversize from fine
screening of the ordinary magnetite concentrate
from the A.V. Varichev Mikhailovsky GOK (sample
ND). The mineral and chemical compositions of this
sample are detailed in Tables 1 and 2, respectively.

For the flotation beneficiation process, cationic
reagents produced on an industrial scale by Noury-
on Surface Chemistry AB Akzo Nobel and Clariant,
TOMAH PRODUCTS ING, were used as collectors
(Table 3).

Table 1
Chemical composition of ND sample, %
ND sample Fe, . Sio,
ND, according to MGOK data 61.7 12.6
ND, acpordmg to X-ray ﬂuqrescence 62.22 11.78
analysis data, direct analysis
ND, according to X-ray fluorescence
analysis data, estimated, weighted 61.32 11.80
average
Table 2
Mineral composition of the oversize by mineral group
(according to MLA data)
. . . Mineral
Mineral group Minerals 1n(c)11:1ded in the group
group share, %
“Pure” magnetite, magnetite
. with fine quartz inclusions,
Magnetite magnetite with fine quartz and 84.77
celadonite inclusions
Hematite Hematite, goethite 3.82
Carbonates: Ankerite, siderite, calcite 0.89
Quartz Quartg, quartz with f%ne 773
inclusions of magnetite
Aegirine Aegirine 0.71
Celadonite Celadonite 1.73
Aluminosilicates Minerals of aluminosilicate 0.07
group
Other Other 0.20
Iron scrap Iron scrap 0.08
Total Sum of minerals 100.00
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The electrochemical treatment (ECT) of a 1%
aqueous solution (using recycled water from MGOK)
of the reagents Lilaflot 811 M (mixture of monoamine
esters (alkoxypropylamines) alkene C ;H,,NO (isomer)
(50-70%) + alkane C,;H;;NO, (30-50%), degree of neu-
tralization of 20-40%) and Tomamine PA-14 (monoa-
mine ester R-O-CH,CH,CH,-NH,; [3-(isodecyloxy) . /3
propylamine-1] 95%, degree of neutralization of 30% SUPREY :

+ iso-alcohols Cy—C,, 5%; iso-C10 saturated) was car-
ried out in laboratory setting. The ECT was performed
using direct electric current in a diaphragmless glass

8 1

electrochemical cell of 150 ml capacity (Fig. 1). For ': .: /5
electrodes, insoluble titanium drop-forged mesh o 6
coated with ruthenium oxide coating was employed, SRR FRN N TSI |

maintaining a working areas ratio of 1:2 between the
anode and cathode. The reagent solution’s treatment
involved applying electric current concentrations of
0.28, 0.4, and 0.6 Ah/L in both “cathode” and “anode”
modes, where the electrode with the larger area func-
tioned as the cathode in cathode mode and as the

7

Fig. 1. Apparatus for diaphragmless treatment

anpde in anode mode. The electric current was sup- of a reagent solution:
plied to the electrodes through a rectifier, and the solu- 1 - mechanical stirrer; 2 - removable cover made
tion was agitated using a magnetic stirrer throughout of non-conductive material with an opening
the treatment process. for the mechanical stirrer; 3 — cylindrical anode
. (insoluble titanium drop-forged mesh with ruthenium
The electrochemical treatment (ECT) of the rea- X S :

. X oxide coating); 4 — beaker made of non-conductive
gent solution lasted for 10 min. Before and :ilfter the material (glass); 5 - cylindrical cathode (insoluble
treatment, the pH and Eh of the reagent solution were titanium drop-forged mesh with ruthenium oxide coating);
measured. 6 - reagent solution

Table 3
Conditions for electrochemical treatment of recycled water and reagent solutions
Treatment Current g . o 9 . .
e FReE | e e, AT Treatment time, min Initial pH Initial Eh Final pH Final Eh
Recycled water
Anode 0.28 10 7.784 +176.1 8.77 -243.2
Anode 0.4 10 7.784 +176.1 8.11 -72.2
Anode 0.6 10 7.784 +176.1 7.926 +142
Cathode 0.28 10 7.784 +176.1 8.34 +86.7
Cathode 0.4 10 7.784 +176.1 7.87 +134.8
Cathode 0.6 10 7.784 +176.1 8.06 -276
Tomamine
Anode 0.28 10 9.18 +60.5 9.06 +112
Anode 0.4 10 9.18 +60.5 9.152 +125
Anode 0.6 10 9.18 +60.5 9.23 +148.6
Cathode 0.28 10 9.18 +60.5 9.1 +32.3
Cathode 0.4 10 9.18 +60.5 9.33 +40.4
Cathode 0.6 10 9.18 +60.5 9.24 -302.3
Lilaflot 811M
Cathode 0.28 10 7.91 +84 9.195 -360
Cathode 0.4 10 7.91 +84 9.0 -308.6
Cathode 0.6 10 7.91 +84 8.8 =330
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Reverse cationic flotation was conducted on the
ground oversize (a 294 g subsample) of fine screen-
ing from the ordinary magnetite concentrate using
the Tomamine PA-14 reagent and recycled water from
Mikhailovsky GOK. The process followed a flow sheet
that included preliminary magnetic consolidation of
the oversize, rougher reverse flotation of the mag-
netic fraction, and recleaner reverse flotation of the
cell product [3]. Similarly, the Lilaflot 811M reagent
was used according to an analogous flow sheet but
without preliminary magnetic consolidation. In both

elSSN 2500-0632

https:/mst.misis.ru/

Rakhimov Kh. K. et al. Electrochemical action on the flotation beneficiation...

cases, the grinding time was set at15 min. The col-
lector’s consumption rate was 240 g/t for the rougher
flotation and 100 g/t for the cleaner flotation. Dextrin,
used as a magnetite depressor, was added during the
rougher flotation at a rate of 600 g/t. The pH level was
maintained at 10-10.5 using caustic soda.

Research Findings and Discussion
The conditions for electrochemical treatment and
the results from the flotation experiments are present-
ed in Tables 3-5 and Figs. 2 and 3.

Table 4

Results of reverse cationic flotation with preliminary magnetic consolidation
using electrochemically treated Tomamine reagent

Treat.n.lent con(c::;:::ttion, Product Yield, % Percentage LT o

conditions Ah/L Fe Si0, Fe Si0,
n/m 6.3 16.32 67.13 1.65 35.42

Flotation froth (product) 1 29.2 53.71 21.93 25.29 53.87
No treatment - Flotation froth (product) 2 7.4 67.47 4.07 8.02 2.52
Cell flotation product 57.2 70.39 1.70 65.04 8.19

Initial 100.0 61.9285 11.870 100.00 100.00

n/m 4.5 15.85 67.82 1.17 24.81

Flotation froth (product) 1 33,6 51.9 23.88 28.36 64.83

Anode 0.28 Flotation froth (product) 2 8.2 66.29 4.49 8.81 2.96
Cell flotation product 53.7 70.51 1.7 61.67 7.39

Initial 100.0 61.445 12.365 100.00 100.00

n/m 5.8 15.56 67.7 1.47 31.62

Flotation froth (product) 1 31.5 52.51 23.16 27.04 58.92

Anode 0.4 Flotation froth (product) 2 7.4 66.71 4.17 8.05 2.49
Cell flotation product 55.4 70.06 1.56 63.43 6.98

Initial 100.0 61.137 12.377 100.00 100.00

n/m 5.6 15.8 67.71 1.45 30.39

Flotation froth (product) 1 32.1 52.44 23.23 27.55 59.58

Anode 0.6 Flotation froth (product) 2 7.7 66.81 4.45 8.45 2.75
Cell flotation product 54.6 69.99 1.67 62.55 7.29

Initial 100.0 61.071 12.510 100.00 100.00

n/m 54 15.06 68.73 1.33 29.54

Flotation froth (product) 1 34.3 53.14 22.06 29.99 60.48

Cathode 0.28 Flotation froth (product) 2 6.3 66.25 4.73 6.90 2.39
Cell flotation product 54.0 69.62 1.76 61.78 7.59

Initial 100.0 60.815 12.518 100.00 100.00

n/m 6.1 19.47 63.02 1.96 31.36

Flotation froth (product) 1 31.3 52.18 22.99 26.74 58.34
Cathode 0.4 Flotation froth (product) 2 6.7 66.19 4.4 7.32 2.41
Cell flotation product 55.9 69.9 1.74 63.99 7.89

Initial 100.0 61.018 12.321 100.00 100.00

n/m 54 16.29 66.48 1.44 29.71

Flotation froth (product) 1 33.2 53.01 22.27 28.78 60.95

Cathode 0.6 Flotation froth (product) 2 8.1 66.8 3.83 8.81 2.55
Cell flotation product 53.3 70.1 1.55 60.97 6.80

Initial 100.0 61.232 12.146 100.00 100.00
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Fig. 2. Results of reverse cationic flotation with preliminary magnetic consolidation
using electrochemically treated Tomamine reagent
Table 5
Results of reverse cationic flotation without preliminary magnetic consolidation
using electrochemically treated Lilaflot 811 M amine reagent
Current Percentage, % Recovery, %
Tl‘e{:lt.ltt.lent concentration, Product Yield, %
conditions Ah/L Fe Sio, Fe Sio,
Flotation froth 41.28 50.24 25.27 33.61 82.79
(product) 1
Flotation froth 9.26 67.92 14.57 10.20 10.71
No treatment - (product) 2
Cell flotation 49.46 70.10 1.66 56.19 6.50
product
Initial 100.00 61.70 12.60 100.00 100.00
Flotation froth 40.98 49.55 26.99 32.91 87.79
(product) 1
Flotation froth 8.42 68.08 9.19 9.29 6.14
Cathode 0.28 (product) 2
Cell flotation 50.59 70.48 1.51 57.79 6.06
product
Initial 100.00 61.70 12.60 100 100.00
Flotation froth 38.54 47.15 29.50 29.45 90.23
(product) 1
Flotation froth 7.10 68.30 5.58 7.86 3.15
Cathode 0.4 (product) 2
Cell flotation 54.36 71.15 1.54 62.69 6.63
product
Initial 100.00 61.70 12.60 100.00 100.00
Flotation froth 31.44 45.10 34.55 22.98 86.21
(product) 1
Flotation froth 5.64 65.36 9.62 5.97 430
Cathode 0.6 (product) 2
Cell flotation 62.92 69.67 1.90 71.05 9.49
product
Initial 100.00 61.70 12.60 100.00 100.00
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Fig. 3. Results of reverse cationic flotation without preliminary magnetic consolidation
using electrochemically treated Lilaflot 811 M amine reagent

The analysis of the obtained results indicates
that the anode mode of diaphragmless electrochem-
ical treatment using Tomamine PA-14 reagent at
a current concentration of 0.4 Ah/1 had a noticeable
effect. It allowed for areduction in silica content from
1.7 to 1.56% while maintaining the required quality
of total iron grade at 70.06 %, albeit with a slight de-
crease in Fe recovery from 65.04% to 63.43% com-
pared to the reference test without ECT. Somolarly,
the cathode mode at 0.6 Ah/L yielded a high-quality
concentrate containing 70.1 % total iron with a re-
covery of 60.97%, versus 65.04% total iron in the test
without ECT, and a silica content of 1.55 % (refer to
Table 4, Fig. 2).

Therefore, the electrochemical treatment of the
Tomamine PA-14 reagent positively influenced the
concentrate’s quality in terms of silica content, sig-
nificantly reducing its while maintaining the iron
grade at over 70%.

The electrochemical diaphragmless treatment of
the Lilaflot 811 M reagent yielded positively results
in the cathode mode. Without ECT, the flotation pro-
duct contained 70.10% Fetotal and 1.66% SiO,, with
recoveries of 56.19 and 6.50%, respectively. Treating
the reagent at a current concentration of 0.28 Ah/1
increased the total iron grade in the concentrate to
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70.48% and reduced the silica content to 1.51%, with
recoveries of 57.79% for iron and 6.06% for silica, re-
spectively. Treating the reagent at a current concen-
tration of 0.4 Ah/L improved performance, resulting
in a high-quality concentrate with a total iron grade
of 71.15% and a silica content of 1.54%, with reco-
veries of 62.69% for total iron and 6.63% SiO, for
silica (refer to Table 5, Fig. 3). Further increasing
the current concentration to 0.6 Ah/L compromised
the process’s selectivity, decreasing the quality of
the iron ore concentrate produced while increasing
the recovery of total iron into the concentrate.

The electrooxidation and electroreduction reac-
tions of amine are highly complex and, despite nu-
merous studies, the mechanisms of these reactions
remain unclear. At the anode, tupically, the removal
of an electron from the electron pair of a nitrogen
atom usually occurs, initiating of sequence of com-
plex transformations. Meanwhile, at the cathode,
the reagent gains an additional electron. It is impor-
tant to consider that, in the case of amines used as
flotation reagents, they are often complex mixtures
composed of monoamines, mono- and diamine es-
ters, and others, further complicating the determi-
nation of the electrooxidation or electroreduction
mechanisms.
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Conclusions

The research findings suggest that preliminary
diaphragmless electrochemical treatment of rea-
gents such as Tomamine RA-14 and Lilaflot 811M
(esters of monoamine with varying composition)
could be used to purposefully modify their proper-
ties and enhance the efficiency of reverse flotation
of the oversize. This could lead to a decrease in silica
content in the cell flotation product and an increase
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in the grade and recovery of total iron in the flota-
tion concentrate.

It should be noted that since all cationic amine
collectors (including monoamines, diamines, and
their esters) have diverse compositions and are often
initially mixtures, varying effects of electrochemical
treatment can be anticipated for each reagent. Con-
sequently, it is necessary to test each collector under
different ECT conditions on a case-by-case basis.
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