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Abstract—Kuznetsk coal basin is one of the largest and
most promising basins of the Russian Federation. Deposits of
Kuzbass coal are complex ore-coal deposits, containing

industrial concentrations of goal, platinum, rare metals in coals, -
waste coal and bottom ash waste, the extraction of which Sm
creates products with high additional coast. In this paper the Eu
composition of bottom ash waste (Kemerovo, Leninsk- =)
Kuznetsk, Mezhdurechensk) and methods to extract valuable
components from them and the main areas to use them are =Yb
given. The incentives, allowing ash disposal areas of power .y
plants to be put into production as quick as possible, because
they can contain significant stocks of valuable rare, dispersed  Fig 1. Rare earth element concentrations in Kuzbass coal, g/t
and rare-earth elements, are justified.
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REGION G/T
I. INTRODUCTION geological Element
. . and La Ce Sm Eu Th Yb Lu

Coal, being one of the most exploited natural energy industrial
carriers, is now more often simply burned, at best, before area
burning, it is subjected to simple mechanical preparation. In | Anzhersky 18 | 39 [ 07 | o1 | 02 | 035 | 015

open pit mining, an average of four tons of overburden is | Aralichevsky | 176 | 298 | 305 | 131 | 058 | 178 | 0.38

removed, in underground mining - 200-300 kg of waste rock | Baydaevsky | 183 | 282 | 29 | 103 | 053 | 2.1 | 041

and 200-300 kg of preparation waste are produced to | -E2chatskij 245 | 127 | 342 | 118 | 015 | 168 | 025

S Bunguro- 139 | 256 | 2.37 | 065 | 037 | 089 | 0.39
excavate one ton of coal. Taking into account the average ash Chumyshsky

content of Kuzbass coal, 100-150 kg of ash and slag can be  “Kemerovsky | 9.9 | 239 | 2.33 | 060 | 056 | 1.06 | 0.27

added to these volumes. The increased requirements for the | Kondomsky | 16.8 | 26.2 | 3.23 | 093 | 0.99 | 219 | 063

environmental safety of enterprises working on feed coal Leninsky 79 | 177 | 133 | 033 | 02 [ 113 [ 033

necessitate a comprehensive evaluation. Ensuring the storage | Mrassky 247 | 379 | 294 | 078 | 058 | 3.02 | 2.09

of 1 ton of ash and slag waste costs the state $ 70-100 per | Osinnikovsky | 80 | 158 | 205 | 042 | 1.02 | 08 | 033

year. Therefore, it is necessary to consider coal as a complex | Prokopevsky | 84 | 143 | 141 | 031 | 019 | 157 | 026

raw material, which contains valuable chemical elements, the ~ |1om-usinsky | 12.2 | 226 | 25 | 041 | 075 | 1.37 | 0.28

Uskatsky 126 | 388 5.1 0.87 1.1

extraction of which creates products with high added value Average by | 136 | 22.9 | 256 | 0.69 0;17 146 0;4
(Figure 1, Table 1). area

Coal ash-and-slag masses are independent ore deposits
located on the surface and do not require expenditures for
their miming. Kuzbass coals have a large number of sites
containing industrially significant concentrations of rare,
dispersed and rare-earth metals. There are slurry dumps of
Kuzbass coal processing plant which are completely
unexplored for metals, including rare and dispersed. To
involve  waste into secondary  processing, their

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 310



£

ATLANTIS

PRESS

comprehensive exploration and analysis for the stocks of
useful components is required. The development of highly
selective technologies for the isolation of rare, dispersed and
rare-earth elements (REE) from all possible sources, as well
as the creation of new functional materials on their basis, are
urgent tasks, both economically and environmentally.

Rare, dispersed and rare-earth elements are the necessary
resource for the creation and development of modern high-
tech industries; and in accordance with the requirements of
scientific and technological progress in the world, the steady
increase of production, consumption, and, consequently REE
value a hundredfold, they are much more valuable fuel than
coal.

The profitability of coal processing waste will be higher
if not single elements are extracted, but their complex,
especially including the most expensive rare, rare-earth and
noble metals, especially since the explored reserves of
Kuznetsk coal contain more than 55 elements of Mendeleev's
Periodic Table - from lithium to uranium.

Attractive for practitioners are data on metals that have
traditionally high and stable demand in the world market,
first of all, for example, titanium, whose content reaches 1-
14% per ton, niobium, its content in Kuzbass coal ash
reaches one and more than a kilogram per ton. The content of
RE in Kuzbass coal of is 1-2 orders of magnitude lower than
in REE minerals (monazite: 264-280 g/t, loparite: 112-180
g/t), it sharply increases in ash [1-13].

Il. EXPERIMENTAL RESEARCH METHODS

The objects of the study were fly ashes from coal burning
(Kemerovo, Leninsk-Kuznetskiy, Mezhdurechensk).

Samples of ash for further processing were used without
additional grinding.

The analysis of the ashes was carried out by the method
of inductively coupled plasma optical emission spectroscopy
on the iCAP 6500DIO spectrometer and consisted of several
stages.

For solid sampling: a 0.1 g ash sample was selected by
quartering. The same amount of coupling agent - polyvinyl
alcohol - was weighed. Both samples (quantitatively
transferred) were co-abraded in an agate mortar to a constant
shade of color. Then the resulting mixture was poured into a
mold, in which was pressed into a compact sample at a
pressure of 5 tons/cm?. The resulting tablets were placed in
the chamber of the UP 266 MAQCRO laser sampler, purged
with argon, which was sent into the flame of the
spectrometer automation. A "solid-gas" aerosol entered the
source of atomization.

For solid extracting: the ash was dried to constant weight,
then placed in a measuring tube and poured with royal vodka
up to graduation line of 50 ml. The resulting heterogeneous
mixtures were incubated in sealed tubes in special Hotblock
system for acid decomposition of samples. The extraction
was carried out for 8 hours at 95<C. In closed vessels, the
pressure was increased. Then the vessels cooled to room
temperature until the morning of the next working day, the
extract was separated quantitatively from the sediment, as far
as possible, diluted to the desired volume (according to the
regulated concentrations of background components). The
resulting solution was analyzed. A "liquid-gas" aerosol is
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delivered to the atomization source by means of concentric
atomizer, a atomizing chamber and a peristaltic pump.
Analytic lines of the determined elements were selected
according to the principle of freedom from spectral and
matrix interference.

Leaching of the ashes was carried out by solutions of
sulfuric acid of various concentrations upon heating heating
to 65-95<C while stirring every 15 minutes for 3 hours,
followed by settling for 5 days. Then the samples were
flotated.

Adsorption-bubble methods of separation and isolation of
components (foam and foamless) in comparison with
hydrometallurgical schemes for processing raw materials,
which require high costs of reagents and energy, are more
promising. lonic flotation is just such a method. lon flotation
refers to processes based on sorption of the products of the
interaction of a surfactant (surfactant) with ions of inorganic
compounds at the surface of the "liquid-gas" phases. The
method is suitable for extracting substances from solutions
with a concentration of up to one hundred million mole per
liter. lon flotation differs from other known extraction
methods - extraction and sorption - by selectivity, simplicity,
high speed, efficiency even at low component concentrations.

We used ionic flotation to extract rare, dispersed and rare
earth elements by various types of surfactants from the
products of sulfuric acid treatment of ashes after their
magnetic separation.

The flotation was carried out in a laboratory flotation
machine FL-240 for 5, 10, 15 minutes, at pH 7.5-8.5 in 0.5
increments, the ratio of organic and aqueous phases was
(1=20) — (1-40). In the processes, isooctyl alcohol (2-
ethylhexanol, CgHigO) and sodium dodecyl sulfate
(C12H25S0O4Na) were used [14-18].

I1l. RESULTS AND DISCUSSION
The results of analysis of the ashes are given in Tables 2-7.

TABLE II. A SAMPLE OF COAL ASH (FLY ASH FROM THE
KEMEROVO THERMAL POWER STATION)

Direct analysis — laser sampling Analysis of the extract
Element Content, % Element Content, %
SiO, 63.540.1 Sr 1.140?
TiO, 0.6440.03 Zr 2.3410*
Al,O3 23.540.1 Nb 740*
Fe;0; 3.3#.6 Ga 940"
MnO 0.01840.001 Y 1.440°
CaO 5.3#0.3 Mo 8.740*
MgO 0.8630.08 Au 1.2410*
Na,O 0.9740.06 Ag -
K,0 1.140.1 Eu 6.8 10°
P>0s 0.2940.06 La 1.940°
Ba 0.2840.06 Pr 7410*
— — Sm 1.540*
— — \Y 5.340°

TABLE Ill. THE CONTENT OF RARE AND RARE-EARTH ELEMENTS
IN FLY ASH FROM THE KEMEROVO THERMAL POWER STATION

Element Content
% glt
Sr 1.1-1072 110.00
Zr 2310 2.30
Nb 7.0-10* 7.00
Ga 9.0-10™* 9.00
Mo 8.7-10* 8.70
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Au 1.2:10* 1.20 Mo 1.4-10°% 14.00
Ag - — Au — —
V 5.3:10° 53.00 Ag 6.0-10° 0.60
REE: \Y 5.6-10° 56.00
Y 14103 REE:
Eu 14.00 Y 50-10% 50.00
La 6.8:10°° 0.68 Eu 6.0-10° 0.60
Pr 1.9:10°° 19.00 La 4.0-10° 40.00
Sm 7.0-10* 7.00 Pr 5.0-10* 5.00
Nd 1.0-10° 10.00

TABLE IV. A SAMPLE OF COAL ASH (LENINSK-KUZNETSKIY)

Direct analysis — laser sampling Analysis of the extract
Element Content, % Element Content, %
SiO, 41.440.3 Sr 2.340?
TiO, 1.1130.01 Zr 2540°
Al,03 31.540.1 Nb 9.6 10"
Fe,03 8.140.1 Ga 2.140°
MnO 0.01740.001 Y 3.340°
CaO 9.240.6 Mo 2.840°
MgO 3.140.1 Au 4.610%
Na,O 2.6340.06 Ag —
K;0 1.3040.03 Eu 1.9410*
P,0s 0.17#0.01 La 4.210°
Ba 1.1430.01 Pr 140°
— — Sm 9.9 10*
- - \ 1402

TABLE V. THE CONTENT OF RARE AND RARE-EARTH ELEMENTS

IN THE ASHES (LENINSK-KUZNETSKIY)

Obviously, it is necessary to separate rare metals, first of
all from silicon, aluminum and iron oxides and their
subsequent concentration.

The process proceeds according to the reaction:
Me™ + nCi2H25S04Na = Me(C12H25S04)n + NNa*

In the solution, the metal cations form strong
hydroxycomplexes with sodium dodecyl sulfate, which, due
to the hydrophobicity of the alkyl radicals, transfer to the
organic phase-isooctyl alcohol.

The foam products obtained as a result of selective ion
flotation were collected, dried and calcined at 1000<C for 2
hours.

The obtained concentrates of the target products, suitable
for further processing - separation of elements (Table 8), are
light gray or yellowish fine powders that contain oxides: SrO,
ZrOz, VO3, Nb2Os, Ga;0s, MoO;, Ln,Os. In water, only
strontium oxide is dissolved. When interacting with acids
(HCI, HNO3) most of the powders (SrO, VO3, Ga;03, Ln;03)
dissolve, oxides of wvanadium, gallium, molybdenum,
niobium dissolve when reacting with alkalis. Different
solubility can be used in the separation of components.
Virtually all components concentrates are refractory.

TABLE VIII. THE CONTENT OF RARE, DISPERSED RARE-EARTH
ELEMENTS IN CONCENTRATES

Element Content

% g/t
Sr 43-10* 230.00
Zr 2.5-10-° 25.00
Nb 9.6 - 10* 9.40
Ga 2.1-10°% 21.00
Mo 2.8:10° 28.00
Au 4.6-10* 4.60
Ag - -
\Y 1.2-1072 100.00

REE:

Y 3.3-10° 33.00
Eu 1.9-10* 1.90
La 42-10° 42.00
Pr 1.0-10° 10.00
Sm 9.9-10* 9.90

TABLE VI. A SAMPLE OF COAL ASH (MEZHDURECHENSK)

Element concentrate 1 content, %/ g/t
Sr 2.7 102700
Zr 140%100
Nb 910°%/90
Ga 54107950
Mo 340/300
\ 2107/2000
T REE 8.5 10%850
Element concentrate 2 content, % / g/t
Sr 1.340%1300
Zr 1.240"Y1200
Nb 8.510°%/85
Ga 4.8107%/48
Mo 2102/200
\ 3407%/3000
Y REE 7.7 102/770

Direct analysis — laser sampling Analysis of the extract
Element Content, % Element Content, %
SiO; 48.740,1 Sr 1.140%
TiO, 0.9340,03 Zr 240t
AlL,O; 37.940,1 Nb 2.640°
Fe,05 4.340,2 Ga 3.240°
MnO 0.1140,01 Y 5410°
Ca0 2.140,1 Mo 1.440°
MgO 0.3840,03 Au —
Na,O 1.840,1 Ag 640°
K0 0.5340,03 Eu 640°
P20s 2.630,2 La 441073
Ba 0.2140,01 Pr 5410*
— - Nd 14073
— — \Y 5.640°%

TABLE VII. THE CONTENT OF RARE, DISPERSED AND RARE-EARTH

ELEMENTS IN ASH (MEZHDURECHENSK)

Element Content
% g/t
Sr 1.1-10% 1100.00
Zr 2.0-10% 2000.00
Nb 2.6-10° 26.00
Ga 3.2-10° 32.00

CONCLUSIONS

The results obtained allow concluding that it is possible
to extract valuable rare, dispersed and rare-earth elements
from coal processing waste in Kuzbass. In addition to
obtaining products with high added value, waste processing
improves the complex environmental situation in the
industrialized region.
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