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Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
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Abstract. The processing of ash and sludge waste from coal-fired thermal power plants (TPP) is an urgent prob-
lem. Solving this problem reduces the operating costs for the maintenance of ash storage facilities, allows to obtain new
types of products, reduces the environmental impact. The purpose of the study is to establish the granulometric compo-
sition of the wet storage fly ash for several TPPs, to determine the possibility of obtaining a carbon-rich intermediate
product (industrial product) by means of mechanical classification. This method involves combining rich and close-sized
classes into industrial products and removing the remaining lean classes into waste. Two most common types of ash
and sludge raw materials have been studied. The first one with low carbon content in the coarse and finest classes. The
second type is high carbon content in all the size classes except the finest ones. It is established that the method applied
leads to a twofold increase of the coal concentration in the industrial product. For the ash of the Prydniprovska and Ku-
rakhivska TPPs, the industrial product has a carbon content of about 40% with a carbon content of 12-15% in the waste.
An industrial product with a carbon content of 57% was obtained from the ash of Chernihivska TPP, the carbon content
within waste is about 20%. The advantage of the obtained industrial product is that the absence of the finest classes
alleviates its dressing by means flotation and gravity methods. The resultant waste, both in terms of carbon content and
their size, meets the standards for fly ash of TPP for the manufacture of lightweight concrete and could be used in indus-
try. The output of waste ranges from 45 to 80% of the initial raw material. The study also considers an option of selective
extraction of high grade raw materials with a carbon content that exceeds 35% at the ash storage facility. For such raw
materials, the method of isolation of the productive class allows to obtain a finished coal product with carbon content
within the range of 70-72% for an output of 22-25% from the initial sample. The waste contains about 25% carbon. In
this case, the industrial product is a ready-to-use pulverized fuel for secondary use at TPP. It is also possible to use it in
the form of coal briquettes. Tentative assessment proves that this technology seems to be profitable, since the costs of
raw materials liting process as well as drying and vibratory screening process do not exceed the costs of coal mining,
transportation and preparation processes for the coal combustion at TPP.
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Introduction. There are 39 storages of ash and sludge waste materials from thermal
power plants operate in the energy sector of Ukraine. To date, they have gained about
360 million tons of ash and sludge raw materials that cover an area of more than
31700000 square meters. According to previous studies the relevance of this raw ma-
terial processing has been repeatedly pointed out, since the fly ash of TPP includes up
to 20% of unburned carbon, i.e. underburning of coal [1]. Processing of operating ash
storage facilities allows to extract some 70 million tons of coal. This raw material is a
small-sized one and is suitable for reuse at thermal power plants.

Taking into account the high cost of coal as well as high cost of transportation
process along with coal preparation for combustion [2], carbon extraction from the
stale fly ash is an urgent problem.

In order to concentrate the product of coal underburning into a rich intermediate
product the classification method is used since it is appropriate one. First of all de-
termining of the close-sized classes as the most carbon-rich ones is necessary. Fur-
ther, it is necessary to determine which classes should be included in the composition
of the productive class, which will represent a rich intermediate product (industrial
product). The remaining classes would be the waste ones.
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This study work is based on the research of the Institute of Geotechnical Mechan-
ics of the National Academy of Sciences of Ukraine were effective technical support
was developed and tested. This technical support is the following: vibratory screening
machines with dynamically active rubber belt screens GNVS [3] and multi-frequency
screens MVG [4].They allow to operate with a boundary separation size of 50 um at a
raw material humidity level up to 40-45% [3, 5], a device based on the fluidized bed
drying process has been developed to ensure the dehydration and drying processes.
This feature is the most effective for fine raw materials and products of the fly ash
classification from TPP.

The purpose of work is to establish the granulometric composition for the fly ash
of wet storage for several TPPs to determine the possibility of obtaining a carbon-rich
intermediate product (industrial product) by means of mechanical classification, i.e.
by means of combining rich and close-sized classes into industrial products and re-
moving the remaining lean classes into waste.

Analysis of a large number of fly ash storage facilities of thermal power plants
and sludge storage facilities of coal preparation plants has shown that raw materials
(ash and coal sludge) could be classified into four main technological types, accord-
ing to the size classes where carbon is predominantly concentrated.

The first type — the carbon-rich productive class is located in relatively coarse
classes, their size range is usually within -3+0.15 mm. This is the most favorable, but
also the rarest option.

The second type - the productive class, has an average size, for example, -
0.15+0.05 mm. This type of raw material is the most widespread one.

The third type - the carbon-rich particles, too fine, dust-like, with a size greater
than -0.07 mm and even -0.05 mm. Such a product is could be often found in the
sludge storages of coal plants. This raw material is the most difficult to process.
However, this type of raw material could be barely found within the ash storages of
thermal power plants, since fine carbon classes have enough time to burn out in the
flue gas.

The fourth type — ash content is quite uniformly distributed within all the classes
of fineness, except the finestones, with a size greater than -0.05 mm.

For stale waste from wet storage of TPPs, the most widespread ash sludges are
those ones of the second and fourth types. In particular, this could be confirmed by
the results of experimental study shown below.

Research methods. Storage ash samples were selected using a special grid from
different places of the aggradation map at the ash storage facilities of the
Prydniprovska, Kurakhivska and Chernihivska thermal power plants. Averaging and
reduction of samples were carried out by the quartering method. The yield of the size
classes y, and the ash content A within individual classes were determined experi-
mentally by means of standard methods. For each i-th class, the carbon content B; =
100-A; and carbon extraction & = y;*B; /a; were calculated, where vy; - output of the
class, B; - carbon content within the class, a; - carbon content within the sample. In
order to assess the efficiency, the degree of coal concentration in the productive class
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was used. n=Bproq./Binitial, Where n - carbon content in the productive class to its con-
tent in the initial sample ratio.

Results and discussion. The results of experimental study for the ash sludge of
the Prydniprovska and Kurakhivska TPPs are shown in Table 1.

Table 1 — Productive class extraction from stale ash

Size. mm Outputy, | Ashcontent A, | Carbon content B, Carbon extraction
’ % % % g, %
Prydniprovska TPP
+0.1 6.5 58.50 415 10
-0.1 +0.063 14.3 59.66 40.34 21.5
-0.063+0.04 334 61.46 38.54 48
-0.04 45.8 87.96 12.04 20.5
Initial raw material 100 73.15 26.85 100
Productive class 54.2 60.63 39.37 79.5
+0.1... +0.04
Waste -0.04 45.8 87.96 12.04 20.5
Kurakhivska TPP

-0.63+0.25 0.83 5.3 94.7 3.8
-0.25+0.1 6.42 48.9 51.1 15.9
-0.1+0.05 18.17 68.0 32.0 28.1
-0.05 74.58 85.5 14.5 52.2
Initial raw material 100 79.3 20.7 100
Productive class 25.42 61.2 38.8 47.6
-0.63... +0.05
Waste -0.05 74.58 85.5 14.5 52.4

Both samples from Table 1 belong to the fourth type of raw materials, when all
classes are rich in carbon, except the finest ones. Table 1 shows, that there is a ten-
dency to the carbon content decreasing with a decreasing of size for a minimum car-
bon content in the finest classes. It is obvious that fine classes need to be displaced
into waste while the remaining classes should be combined into a rich industrial
product, i.e. a productive class. Waste indicators will be equal to the indicators of the
fine class derived. Note that the most effective process is a separation of the fine clas-
ses -0.04 or -0.05 mm in size by means of vibratory screening [3-5].

The results have shown that for fourth ash type with carbon content in the raw
material within the range of 20.7-26.85%, extraction of the productive class gives in-
dustrial products with carbon content within the range of 38.8-39.37 % as well as
waste product with carbon content within the range of 12 - 14.5%. Both industrial
and waste products have pretty large yields. The coal concentration within the indus-
trial product is the following: for the Prydniprovska TPP n=39.37/26.85 = 1.5 times,
for the Kurakhivska TPP n=38.8/20.7 = 1.9 times.

The carbon content in the productive class is not enough to use it as fuel. In order
to increase the carbon content this product needs to be refined. The favorable feature
of the coal concentration process is an increasing of the product size subjected to the
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refinement process compared to the initial mass of raw materials. This enables to in-
crease the efficiency of refinement by means of both flotation and gravity methods.

On the issue of carbon content in waste and the use of waste in construction, an
explanation should be added.

A few decades ago for the use of TPP fly ash in construction carbon content
should not exceed 5% [6]. Later, differentiated regularities were described in GOST
25592-83 and 25818-91 standards, 4 types of ash were distinguished for different
coal types [7]. The loss of mass after ash annealing is taken as an indicator. In fact,
this is a carbon mass, since sulfur and volatiles have time to evaporate during com-
bustion in TPP boilers and flue gas [8].

According to [7], the acceptable mass loss after coal annealing of ash is within the
range 5-7% for reinforced concrete, 10-15% for normalized concrete, 10-25% for an-
thracite ash. When using, Acceptable mass loss for fly ash of heavy concrete anneal-
ing is up to 10%.

Taking into account the above standards waste materials shown in Table 1 with a
carbon content of 12 and 14.5% meet the existing standards of fly ash for lightweight
concrete. Therefore they could be used in industry.

Let's consider the second common case when carbon concentration in the coarse
and fine classes is low enough. The product is of the second type. Such raw materials
are typical for the ash storage facility of the Chernihivska TPP (Table 2).

Table 2 — Productive class extraction from stale ash

Chernihivska TPP

Size. mm Outputy, | Ashcontent A, [ Carbon content B¢, | Carbon extraction

’ % % % €, %0
+0.8 0.13 99.3 0.7 0.003
-0.8+0.315 0.44 96.2 3.8 0.05
-0.315+0.2 0.48 51.5 48.5 0.9
-0.2+0.08 5.95 37.2 62.8 13.6
-0.08+0.05 12.15 45.8 54.2 24.5
-0.05 80.98 79.7 20.3 61
Initial raw material 100 73.02 26.88 100
Productive class 18.58 43.2 56.8 39
-0.315... +0.05
Waste +0.315 and -0.05 81.42 79.82 20.2 61

Table 2 shows that coarse ash classes are lean in carbon, but there is a lack of the-

se classes. Therefore, together with coarse classes, lean fine classes are the waste
ones as well. Coal concentration in the productive class is the following
n=56.8/26.88=2.1. The resultant industrial product’s size is within the range of -0.315
+0.05 mm. It is rich enough. Its carbon content is nearly 56.8% while its yield equals
18.58%. Taking into account its size, this industrial product is more easily enriched
by means of flotation or gravity methods compared to the entire mass of the initial
raw material.

The carbon content within the waste is 20.2%. Such waste, generally, meets the
standards for ash which is used for the production of certain types of concrete [6, 7].
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In case of their further processing, it should be taken into account that the waste’s
size, in fact, equals -0.05 mm. The number of such classes in waste is about 80.98%
from the total mass number of 81.42%.

Raw materials testing of the numerous ash storage facilities shows that several
sections, especially those ones rich in coal, could be distinguished within the storage
area. Sampling at such sections and their processing is of significant interest.

Further, the selection and analysis of a rich sample for stale ash of the
Prydniprovska TPP were carried out. The task was to classify the most carbon-rich
productive class from this sample (Table 3).

Table 3 —Initial data for determining the productive class of a rich sample of stale ash of the
Prydniprovska TPP

Outputy, | Ashcontent A, | Carbon content B¢, | Carbon extraction

Size, mm 0% % % 6. %
-0.2+0.16 0.1 28.5 715 0.2
-0.16+0.1 1.1 23.25 76.75 2.37
-0.1+0.08 9.5 26.06 73.94 19.71
-0.08+0.063 11.3 29.77 70.23 22.27
-0.05+0.04 3 41.26 58.74 4.94
-0.04 75 76 24 50.51
Initial raw material 100 64.36 35.64 100

Table 3 shows that the initial raw material has relatively high carbon content that
equals 35.64%. For most ash storage facilities, the typical content of coal underburn-
ing is 20-25%. Also, rare case takes place when coarse classes of +0.1 mm in size are
rich in coal, although there are lack of these classes. General tendency of the carbon
content reducing with size the finest classes decreasing to their minimum values has
been observed. At the same time, approximately half of the carbon is extracted from
the fine classes -0.05 mm in size, e, = 4.94+50.51= 55.5%.

Raw materials are of the fourth type, when the carbon content is high enough in
all classes except for the finest one -0.04 mm in size. Obviously, in this case, a rich
industrial product is obtained by means of separating fine classes. Calculations were
performed for two cases: in case of separation of classes -0.04 mm in size and in case
of a wider class separation -0.05 mm in size. The results are shown in table 4.

The analysis shows that for both cases, high indicators are obtained, both in terms
of the quality of the industrial product and in terms of its output. During separation of
a wider class of -0.05 mm in size, compared with class of -0.04 mm in size, the con-
centrate yield has been decreased slightly from 25 to 22%. The concentrate quality in
terms of carbon content has been increased from 70.55% up to 72.16%. Coal concen-
tration for cases 1 and 2 are the following: n =70.55/35.64 =1.98 and n =72.16/35.64
=2.02, respectively.

In both cases, the industrial product is a finished coal raw material supplied for
combustion in the boilers of thermal power plants. According to the standards, the
ash content of such coal should not exceed 35% [2], in present study it equals 29.45
and 27.84%, respectively.
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The resultant industrial product could be briquetted and sold as coal or used as
pulverized coal fuel and fed (blown) into the furnace space of furnaces or boilers of
TPP.

Table 4 — Extraction cases of a productive class according to Table 3

Size, mm | Output y, % | AshcontentA,% | Carbon content Bc,%

Case 1 — separation of classes -0.04 mm in size

Productive class

0.2 40.04 25.0 29.45 70.55

Waste -0.04 75.0 76.0 24.0
Case 2 — separation of classes -0.05 mm in size

Productive class

20.2 40.063 22.0 27.84 72.16

Waste -0.05 78.0 4.7 25.3

Besides, waste containing 24 and 25.3% of coal was obtained within the residue,
and there is a lot of waste: 75% and 78% of the initial raw material mass respectively.
The carbon content value 24-25% in the waste is comparable or even slightly higher
than the average carbon content over the entire area of the ash storage. The waste
does not have a tolerance to reliably match to the standards of fly ash for concrete [7]
and most likely requires refinement. Taking into account their fine class, it is promis-
ing to refine them by means of flotation and gravitational sedimentation methods
within a confined environment, for example, hydroseparation, desliming etc.

Thus, when rich areas at the ash storage facility are distinguished and industrial
product is extracted from stale ash with a carbon content that exceeds 35%, a ready-
to-use rich coal concentrate could be obtained. For the separation of fine classes -0.05
mm and -0.04 mm in size into waste, the most appropriate vibratory screens are those
ones designed by IGTM [3-5].

Conclusions. Two most common types of raw materials have been studied for ash
and sludge waste of thermal power plants: low carbon content in the coarse and finest
classes (type 2), all classes are rich in carbon except the finest one (type 4).

It was established that the method of a rich intermediate product obtaining by
means of combining rich close-sized classes is efficient enough and allows to double
the coal concentration. It was found that for the stale ash of the Prydniprovska and
Kurakhivska TPPs, the industrial product has a carbon content nearly 40% with a
waste content of 12-15%. For the stale ash of Chernihivska TPP, the carbon content
within the industrial product is about 57%, the carbon content in waste isabout 20%.
The advantage of the resultant industrial product in the absence of fine classes is an
alleviated dressing process. The waste is of a fine size. In terms of carbon content
they meet the standards for fly ash of TPP for the lightweight concrete manufactur-
ing. Thus, they could be used in industry. The output of waste ranges from 45 to 80%
of the initial raw material.

Selective extraction of rich raw materials with a carbon content that exceeds 35%
at the ash storage is a promising technology. For such raw materials, the method of
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the productive class separation allows to obtain a finished coal product with a yield of
22-25% and a carbon content of 70-72%. The waste contains about 25% of carbon. In
this case, the industrial product is a ready-to-use pulverized fuel for combustion at
TPP. It is also possible to use it as coal briquettes. Initial assessment shows that such
technology seems to be profitable, since the costs of raw materials lifting process as
well as drying and vibratory screening process do not exceed the costs of coal min-
ing, transportation and preparation processes for the coal combustion at TPP. Pro-
cessing of technogenic raw materials of existing ash storage facilities, in particular,
allows to extend their service life and increase environmental safety.

REFERENCES

1. Nadutiy, V.P., Sevastyanov, V.S. and Kostyrya, S.V. (2017), “Justification of the expediency of complex processing of fly ash
of thermal power plants”, Geo-Technical Mechanics, 131, pp. 59-66.

2.Ravich, M.B. (1977), Fuel use efficiency, Nauka, Moscow.

3. Nadutiy, V.P., Lapshin, E.S. and Khmelenko, 1.P. (2009), “Analysis of the vibro-shock mode of motion of the screening screen
surface”, J. Vibrations in engineering and technology, VSAU, Vinnytsia, 2(54), pp. 69-72.

4. Shevchenko, G., Shevchenko, V. and Kadyrov, A. (2009), “Poly-frequency screens for separation of thin bulk materials’, J.
Zbagachennya korisnikh kopalin, NGU, Dnepropetrovsk, 38 (79), pp. 44-50.

5. Bulat, A., Shevchenko, G., Shevchenko, V. and Bokiy, B. (2016), “The results of industrial tests of the technology of cleaning
drilling fluids on the poly-frequency screen of the MVG”, J. Prospecting and Development of Oil and Gas Fields, 2(59), pp. 72-80.

6. Ivanov, 1.I. (1985), Light concrete with the use of ash power plants, Stroyizdat., Moscow.

7. State building committee USSA (1991), GOST 25818-91, Interstate standard of fly ash of thermal power plants for concrete.
Technical conditions, Moscow, 12, available at: https://meganorm.ru/Data2 /1/4294853/4294853144.pdf (Accessed 13 July 2022).

8. Kieselstein, L., Dubov, I., Shpitsgluz, A. and Parada, S. (1995), Components of ashes and slag’s of thermal power plants,
Energoatomizdat, Moscow.

About authors

Shevchenko Georgy Oleksandrovych, Doctor of Technical Sciences (D.Sc.), Head of Department of Mechanics of Mineral
Processing Machines and Processes, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
Ukraine (IGTM NAS of Ukraine), Dnipro, Ukraine, gashevchenko1@gmail.com

Sukharyev Vitalii Vitaliiovych, Candidate of Technical Sciences (Ph.D.), Senior Researcher in Department of Mechanics of
Mineral Processing Machines and Processes, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sci-
ences of Ukraine (IGTM NAS of Ukraine), Dnipro, Ukraine, agnivik@ukr.net

Cholyshkina Valentina Vasylivna, Candidate of Technical Sciences (Ph.D.), Senior Researcher in Department of Mechanics
of Mineral Processing Machines and Processes, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of
Sciences of Ukraine (IGTM NAS of Ukraine), Dnipro, Ukraine, chel.valenti@gmail.com

Kurilov Vladyslav Serhiiovych, Engineer of Department of Mechanics of Mineral Processing Machines and Processes, Institute
of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine (IGTM NAS of Ukraine), Dnipro,
Ukraine, papuycv@gmail.com

MEPEPOBKA 30N BUHOCY TENNOBWUX ENEKTPOCTAHUIA MEXAHIYHOIO KNACU®IKALIEIO 3A
KPYMHICTIO
Llles4yeHko I".0O., HYonuwkiHa B.B., Cyxapes B.B., Kypinos B.C.

AHorTauisi. Mepepobka 30M0LINAKOBMX BiAXOMiB BYriNbHIMX enektpocTanLiit (TEC) e akTyanbHo 3aaavero. Ii Bupi-
LIEHHS 3MEHLINTL eKCcnyaTaliiHi BUTPaTW Ha YTPUMaHHS 30510CXOBMLL, LO3BONWUTL OTPUMYBATK HOBI BUAM MPOAYKLT,
MOKPALLWTb EKONONYHNA CTaH AoBkinns. MeTow pob6oTn 6yno BCTAHOBMTM rpaHyNoOMETPUYHIIA CKIaz 30/ BUHOCY MOK-
poro 3bepiraHHs Ha Kinbkox TEC Ta BU3HAYUTU MOXIMBICTb OTPUMaHHA Baratoro ByrreueM MPOMIKHOTO MPOLYKTY
(NpoMnpoAYKTY) METOAOM MeXaHivHOI knacudikadii. Lien meTtog nepegbavae ob'egHaHHs 6aratux By3bKux Knacis Kpyn-
HOCTi B NPOMNPOAYKT i BMBeAEHHs GigHUX Knacis, WO 3anuwmnucs, y Bigxoau. JocnimkeHo ABa Hanbinbl NoWMpeHi
TUNW 30M10LLNAKOBOT CUPOBWHU. [NepLunit - 3 Manum BMICTOM BYrmeLto B HanbinbLL KPYMHWX i B HAWTOHLWMX knacax. Jpy-
T - KONW BCi Knacu KpynHocTi Garati Ha ByrneLb, KpiM HaUTOHWWX. BCTaHOBNEHO, L0 BUKOPUCTOBYBaHMIA METOS A0-
3BONSE NIABULLMTI KOHLIEHTPALi0 BYrinns B npoMnpogykTi B 2 pasu. [ns sonu MpuaHinposcbkoi Ta Kypaxiscbkoi TEC
NPOMMNPOZYKT Mae BMICT Byrnewo npubnuaHo 40% npw BmicTi Byrnewo y Bigxopax 12-15%. [ina sonn YepHiriscbkoi TEC
OTPVUMaHO NPOMNPOAYKT i3 BMICTOM Byrnewto 57%, y Bigxogax mMictutbes 6nmabko 20%. Mepesaro 0TpUMaHoro Npom-
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npoaykTy € Te, Wo 6e3 TOHKWX Knacie BiH nerwe 36aradyyeTbes dnoTauieto i rpasitauinHummn metogamu. OTpuMaHi Big-
X04u, K 3a BMICTOM BYFIELI0, TaK i 3a KPYMHICTIO 3a40BONbHAKTL CTaH4apTaM Ha 3oy BuHocy TEC ans BUrotoBneHHs
nerkux 6ETOHIB | MOXyTb BUKOPUCTOBYBATUCS B NPOMMCIIOBOCTI. Buxia Bigxoais ctaHoBuTh Big 45 8o 80% BuxigHoi cu-
poBWHM. Takox y poboTi po3rnsHyTO BapiaHT BMOOPYOro BUYYEHHS Ha 30M10CXO0BWLL BaraToi CUPOBMHM i3 BMICTOM BYT-
neuto Big 35%. [Ans Takoi CMPOBMHM METOA BWAINEHHS NPOAYKTMBHOIO Kracy [O3BOMSE OTPUMATH FOTOBWUA BYriNbHWUIA
nNpoAYyKT i3 BMicToM Byrnewto 70-72% npu Buxogi 22-25% Big BuxigHoi npobu. Bigxoamn mictatb 6nm3bko 25% Byrnewto.
B ubomy BUNagky NpoMMpoAYKT € FOTOBUM NUMONOAIGHUM NanvMeoM Ans NOBTOPHOTO BUKOpUCTaHHs Ha TEC. Takox Mo-
XIMBE NOr0 BUKOPUCTaHHS Yy BUrNAAI BYrinbHAX OpuKkeTiB. B nepBMHHIN OLjHLi Taka TEXHOMOriS BUAAETLCS peHTabenb-
HO0, OCKIfTbKW BUTPATW Ha MigMOM CUPOBMHU, CYLLIHHA Ta BibpaLiHe rpOXOYEHHS MEHLLE BUTPAT Ha BMAOOYTOK BYrinns,
TpaHcnopTyBaHHS Ta NiAroToBKY A0 cnanosaHHs Ha TEC.
KntovoBi cnoBa: 3ona, ByrneLb, NPOMiXHWN NPOAYKT, BigXoau.
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