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HecneaoBaHbl BOSMOMKHOCTH H3B/ACUCHHA HEAOMKOra H3 AeTUVUCH 3051 (304
vrHoca) Crapo6emesckoi TP3C metomqoMm ¢haotanmi. Paccmorpero BaHA-
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N.A. Zviagintsecva

PROCESSING OF FLY ASH OF THERMAL
POWER PLANT

The arficle deals with an Investigation of possibifity of underburning coal ex-
traction from flv ash of Starobeshevskava TFFP bv flotation method. The influ-
ence of aluminosilicate microspheres on the concentrate qualitv was observed.
Different consumptions of reagent were compared. Optimal operating condi-
tions of fly ash flotation were recommended to receive good products for recy-
cling.

Kev words: flv ash, flotation, collector, frother, underburning coal, aluminosili-
cate microspheres.

Coal plays a vital role in the world’s primary energy mix,
providing about 39 % of the world’s electricity. About half
of Ukraine electricity supply is generated using coal-fired thermal
power plants (TPP). Coal-fired power plants produce millions
tons of dangerous ash and other solid wastes. Two forms of
waste are generated by combustion of burning coal: fritted (vit-
rified) slag and flu ash. Particulate matter considered as a
source of air pollution constitutes fly ash. One of the most pre-
cious of fly ash constituent is aluminosilicate hollow micro-
spheres with singular combination of properties such as a low
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gravity, high mechanical strength, thermal stability and chemi-
cal inertness [1-3]. Operating technologies make it possible to
recover unburned carbon and ferrous particles and obtain alu-
minosilicate product from fly ash collecting by electrostatic
precipitators. Processing involve regrinding of waste, hvdraulic
classification, magnetic separation, flotation, finishing on cen-
trifugal concentrator and table [4-5].

Investigations focus on analysis of waste properties, develop-
ment and testing of integrated processing technology that lets to
recover metals and other components from waste and its utilization
is important not only for saving metal resources, but also for pro-
tecting the environment.

Table 1
Size characteristic of flv ash
Sizing, mm Yield, % Ash content, %
+ 0,3 7.b3 8b.,44
0,2-0.3 2,90 75,62
0,125-0,2 29.0 74,74
0,063 -0,125 35,83 76,94
0,045 -0,063 5,49 82,24
- 0,045 18,59 81,38
Total 100,00 78,00

Characteristic of fly ash of Starobeshevskaya TPP

Starobeshevskaya TPP burns anthracite chippings. The aver-
age ash of burning coal is 20-30 %. Content of ash collecting by
electrostatic precipitators depend on type and nature of solid fuel.
Analysis data demonstrated that filters collect fine dust (Table 1)
especially by liquid dust control.

It is clear from the analysis results that all size fractions have
underburning coal. The finer size of material there are the more
odd-shaped particles in sample. Coal grains are dull, cindery, light-
weight, breakable and porous, with very developed surface. Full
unburned coal particles occur rarely, grains are bright with con-
choidal fracture. The combustible content in fly ash is 19 — 20 % at
an average.

Fly ash encloses significant quantity of glassy phase. Glassy
fritted aggregates in sample are colorless, milky, vellowy and black,
the majority is very lightweight spherical particles (Figure 1) with
diameter 5 — 130 microns, at an average about 100 microns. Mi-
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crospheres are often hollow and found foam on face of ash heaps
and settling collectors.

Analyses of samples indicated that fly ash consists of two
components — glassy particles and coaly particles. Composition of
fly ash average sample is generally clinker aggregates and glassy
matter (77 %), cinderv coal particles are watched in the minority
(22 %). Silicate cakes, thin covers of argillite, single grains of quartz
and calcite are attended up to 1 %.

Research of fly ash floatability

The fly ash of Starobeshevskaya TPP was taken as investigated
material for research of floatability. This material was floated with-
out milling because particle sizes are corresponding to flotation
process. Kerosene as collector and T-66 as frother were used in
the flotation tests.

Series of froth flotation experiments were carried out to de-
termine optimal consumptions of collector and frother. In view of
unalike influence of non-polar and hetero-polar reagents on flota-
tion of coal fines with different surface properties [6], consump-
tions of collector were taken from 1000 g/t to 3000 g/t, con-
sumptions of frother — from 100 g/t to 300 g/t, teed pulp density
was fixed 200 g/l1. The dependences of froth product vield and ash
content on different reagent consumptions were determined. The
analysis results of flotation are represented in Figure 1.

Obtained results showed that collector dosages 1000-1500 g/t
aren’t sufficient for hydrophobization of all underburning coal parti-
cles, vield of concentrate is 13-15 % with ash content up to 26 %.
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Fig. 1. Relation of the froth product characteristics and reagents
consumption
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Increasing of collector consumption to 1750-3000 g/t ensure
additionally the floating of 5-8 % coal combustible with top ash
content of froth product about 41 %. Ash content of tailings in-
creases from 84.4 % to 86.4 % with variation of collector dosages
from 1000 to 1750 g/t. Frother has meaningful influence on flota-
tion results. Obviously, dosage of frother 100 g/t isn’t enough for
required frothiness to float good-covered coal particles by collector.
These tests were determined that consumption of kerosene must
be more than 1750 g/t and consumption of T-66 must be 200-
300 g/t for flotation of fly ash.

Identical qualitative and quantitative characteristics of flotation
products can be obtain with different variation of reagent consump-
tion. There is connection between necessarv to increase one of re-
agent dosage (e.g. collector) and to decrease dosage of other re-
agent (frother) and v.v.

When collector consumption is 2000-3000 g/t and frother
consumption is 200-300 g/t, ash content of tailings is 87.0-88.5
%, ash content of froth product equals 38.3-40.8 %. This concen-
trate can recycle as additive to basic energy carrier in boiler fur-
naces.

Following series of flotation experiments were carried out to
study of kinetic of different mineral aggregates extraction from fly
ash. Tests were processed using kerosene (2000 g/t), T-66 (200
ag/t). The concentrates were collected after 15, 30, 60, 90 and
120 s of flotation in separate travs. In this way the five frother
products (f.p.) and tailings were obtain. Results of the fractional flo-
tation (1) are stated in Table 2 and Figure 2.

Table 2
Summary of fractional flotation (1) results
Flotation time, s Product Yield, % Ash content, %

15 tp.1 5.8 46.6

30 t.p.2 3.9 30.7

60 t.p.3 3.0 35.9

90 tp.4 2.5 40.2

120 t.p.b 2.2 415.0

tailings 82.6 8H.7

total 100.0 77.8
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Fig. 2. Cumulative
vield-time and ash-
time profiles of froth
products
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Analysis of obtained products showed that frother product 1
consists of cindery coal particles (approximately 20 % from the
product volume) and aluminosilicate microspheres (80 %). These
microspheres have high ash and increase the ash content in frother
product. Frother products 2 and 3 contain about 50 % cindery coal
and 50 % glassyv matters. Frother products 2 and 3 vary higher
content of glassy fritted grains and lesser content of coal particles
(20-28 %). Flotation tailings generally consist of glassy aggregates
and single particles of quartz and slag.

Next experiments of fractional flotation were carried out to
determine specific period while microspheres extract from
slurrv. The flotation was terminated after 60 seconds and frother
products were drawn after every 5" seconds during initial 30
seconds and after every 10™ seconds during rest 30 seconds.
Results of the fractional flotation (2) are stated in Table 3 and
Figure 3.

Table 3

Summary of fractional flotation (2) results

Flotation 5 10 15 20 25 30 40 50 60 o

time, s _E *g
Product tp.1|ftp 2/ tp3|tpd|tpb|tp.6|f.p.7|{p.8|f.p.9 S -
Yield,% 1611332222018 20]10| 1.9 |83.0/100.0
Ash 88.1|75.4117.0|123.6|28.9|36.2(38.3|42.7|/45.6(85.4| 77.6
content,%

108



—=— sl content tolal Cp

—+—Ash content fp. 3-9

Cunnlative ash content of fioth product, %

Cunnilative vield of froth produet, %o
o

5 - -~ {
G ——Yicld total £p ~)
/ 54 Yicld fp 3-9 -

4 30

29
= 3.2 =

1.6 20 170
i 15

5 10 15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 o0

Flotation time, seconds Flotation time, scconds

Fig. 3. Cumulative vield-time and ash-time profiles of froth prod-
ucts

Table 4
Summary of fractional flotation (3) results
Flotation 5 10 | 15 | 20 | 25 | 30 | 40 | 50 | 60 "
time, s -4 =
Product tp. 1 [fp.2 t.p.3 f.p.4 |ft.p.b f.p.6 f.p.7 [f.p.8 |f.p.9 ‘T‘E 2

Yield, % 1.1 |09 b3 26 |21 |20 3.0 1.5 (0.9 |80.6 |100.0

Ash 96.7 194.5 |17.5 125.4 |32.5 |36.5 |38.8 |43.1 |46.2 |87.1 |77.3
content,%

These tested data demonstrated that microspheres almost fully
get into frother products 1 and 2 in 10-seconds initial period of flo-
tation. Thus the concentrate obtained during next fifty seconds
(without f.p. 1-2) has considerably less ash content (30.9 %) as
compared with total frother product (39.7 %). Therefore micro-
spheres must be separate from feed before the flotation process.

Aluminosilicate microspheres float through light density and
don’t require availability of air bubbles in pulp. In that case the dos-
age of frother in conditioning stage is not rational.

Series of flotation experiments were processed to determine
the rational distribution of flotation reagents into cells. In these
tests collector and frother add in portions — 20 % collector was fed
into conditioning tank, the rest of reagents were fed in flotation cell
after 10" and 30% seconds of process. Received results of the frac-
tional flotation (3) are showed in Table 4 and Figure 5.
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Fig. 4. Cumulative vield-time and ash-time profiles of froth prod-
ucts

It is observed from ash-time profiles (see Fig. 4) products 1-2
have high ash content. Underburned coal grains don't float to-
gether microspheres in foam owing to poor pulp aeration and poor
hvdrophobization of surface coal particles at the beginning of the
performance.

If reagents are added after 10" seconds it is possible to re-
cover «clean» concentrate, product vield increased as compared
with preceding tests (Fig. 4) without rising of ash content. As pro-
files (see Fig. 5) indicate, such operating conditions with separate
dosage of reagents are better for fly ash flotation.

Conclusion

1. For underburning coal extraction from fly ash of Star-
obeshevskava TPP one-stage flotation is recommended. The con-
sumption of non-polar reagent-collector (kerosene) should be
2000-3000 g/t and reagent-frother (T-66) 200-300 g/t.

2. It is also recommended to dispense flotation reagents in
parts: 1% — 20 % collector into conditioning tank: 24 — 80 % col-
lector and 100 % frother into second or/and third cell of flotation
machine. In the result it’s possibly to receive 17.4 % concentrate
with ash content 30.0 % for burning in boiler furnaces of power
plants.

3. It is necessary to separate aluminosilicate microspheres
from flotation feed for further industrial use.

The following investigations can direct on verification floata-
bility of fly ash applving a new range of flotation agents, reprocess-
ing of flotation tailings for extraction magnetic and other mineral
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impurities and processing for removal of aluminosilicate micro-
spheres.
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