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Abstract: The research paper deals with the prospects of using fly ash and slag waste from the heat power industry of the Primorsky Krai, Russian
Federation as an effective filler for composite cement binder. An integrated assessment of the possibility of using this industrial waste is based on the
results of studying its microstructure, the assessment of its radioactive background, and the results of X-ray phase and differential thermal analyses, as

well as morphological characteristics of the particles.
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1. INTRODUCTION

One of the urgent problems accompanying the production of
cement binder, which is the basis of structural concrete
products used in the construction industry, is a significant cost
of raw materials and energy per unit of the finished product. To
ensure the marketability of products, enterprises need to
switch to the development and use of advanced energy-saving
and resource-saving technologies based on the use of
industrial waste. The solution to this problem is also very
important for accelerating the socio-economic development of
the Russian Far East, which is reflected in the relevant
legislative acts of the Government of Russia [1], [2], [3], [4],
[5]. According to the data of the Russian Federal State
Statistics Service in the Primorsky Krai and the report of the
Russian Union of Cement Producers, there was an increase in
the cement production from 5 % to 10 % in 2018-2019. To
manufacture concrete products, 3.5 million tons of cement
together with natural mineral admixtures consisting of sand
(400 thousand cubic meters), crushed stone (2 million cubic
meters), and limestone (18 thousand cubic meters) are used
annually in the Primorsky Krai [6], [7], [8]. It should be noted
here that using the abovementioned natural aggregates for the
manufacture of concrete products significantly increases their
cost due to the limited quantity of non-metallic building
materials in the region, the remoteness of deposits from the
final consumer, and poor transport infrastructure [9].
Researchers in Russia and worldwide recommend using fly
ash and slag waste as an active mineral admixture in the
production of cement binders to reduce financial expenses
[10], [11], [12]. Fly ash and slag are common large aggregate
industrial wastes from thermal power enterprises with reserves
amounting to hundreds of million tons. The energy industry in
the Primorsky Krai is focused on the use of fossil coal and as
a result, fly ash and slag landfills occupy an area of 22,000
hectares [13], [14]. The aim of the research carried out by the
authors is to develop the composition and technology for
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manufacturing a composite binder using fly and slag waste
components. In this paper, the authors examine the
physicochemical properties of waste, which are necessary to
assess the effectiveness of its use for the manufacture of a
binder with cement (or clinker). The subject of the research is
the fly and slag waste from ash-disposal areas of three
thermal power plants located in the Primorsky Krai, Russian
Federation (the Vladivostok TPP-2, Artyom TPP, and
Partizansk GRES).

2 RESEARCH MATERIALS AND METHODS

A total of 50 samples of fly ash and slag waste were collected
from 1 m depth along a rectangular grid with a step of 30
meters. The coordinates were recorded using a navigation
system. Point samples were collected from one or more layers
at test sites. A combined sample was made by mixing at least
five samples taken at the same site. The mass of each spot
sample was at least 500 g. The mass of the combined sample
was 5 kg. The samples were analyzed using the following
scientific equipment:

1) The microstructural analysis was carried out using the
scanning electron microscope JSM-6490LV (Jeol, Japan) and
the automated system for measurement of particle size, shape
and chemical identity Morphology G3SE-ID (Malvern
Panalytical, United Kingdom);

2) The X-ray diffraction analysis was carried out using the
X-ray fluorescence spectrometer ARL Quant’X (Thermo Fisher
Scientific, USA);

3) The differential thermal analysis (DTA) and
thermogravimetric analysis (TGA) were carried out using the
Thermoscan-2 equipment (Analit Teplo Control, Russia).

3 RESULTS AND DISCUSSIONS

When using fly ash and slag waste, it is necessary to consider
that fossil coals are sorbents capable of accumulating various
chemical elements, including radioactive ones. In this regard,
the issue of assessing the radiation safety of these wastes in
the production of various commercial products is quite
relevant. The main elements than determine the radioactivity
of materials are the isotopes of thorium (232Th), uranium
(238U), radium (226Ra), their radioactive products, and
potassium isotope (40K) [15]. The radioactive properties of fly
ash and slag waste from Russian TPPs [16] and the
concentration of radionuclides in them are presented in Table
1 and Table 2.
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TABLE 1
ANALYSIS OF CENTRIFUGAL CONCENTRATOR OPERATIONS ON
BENEFICIATION OF MICRODIPERSED GOLD FROM DREDGING

TAILINGS
N: $ampls No. Sample name C. [2/1] *Egdﬁ
Initial sample of technogeneous waste from
1 Sample 1 placer mine “Pad Shirokaya” (dredging <02 =011
tailings PGSH 30)
Concentrate derived from sample No.1 via
2 Sample 2 maodification of CC No.1 befors 0,204 =02
modermi zation.
Concentrate derived from inifial sample
3 Sampled " fer the first benefication via CC-M 310 =07
] ) Magnetic faction derived from Sample 4
4 Sampled after magnetic separation using PEM3220 zl 0.1
Non-magnetic faction derived from Sample
5 Sample 3 5 after magnetic separation using PEME 319 =2
3220
Concentrate derived from Sample 5 after }
6 Sample § secondary benefication using CC-M 540 392
Tailings derived from Sample 3 after
7 Sample] secondary benefication using CC-M 21.0 2.0
TABLE 2

CONCENTRATIONS OF RADIONUCLIDES IN COALS, SLAG, AND
FLY ASH FROM THERMAL POWER PLANTS, BQ/KG

oron Vrom [nax Jerygag soma
Vpau*U 931 %-183 10-370
Pamt 2Ra -4 20-166 §5-181
Topmi **Th 9-19 5 §1-174
Kammi K 26-130 230962 13340

As can be seen from the data presented, the content of
uranium and thorium increases in coal combustion products,
but the concentration of elements does not exceed the
threshold values for materials that are allowed for use in the
residential and public construction (class 1) in the Russian
Federation [17]. The data provided in [18] (Table 3) allow us to
conclude that the fly ash and slag waste obtained by burning
the Far Eastern coals does not constitute a radiation hazard.
One of the characteristics of fly ash and slag waste, which
determines the possibility of their use as a binder component,
is the hydraulic activity.

TABLE 3
THE SPECIFIC EFFECTIVE RADIATION ACTIVITY OF FLY ASH AND
SLAG WASTE, DEPENDING ON THE COMPOSITION

Pesymsrar mmeperm (A), Bi/ir

Hamveroparme Tlaprimancas
Brammoctokckan TOI[-2 - Apremoperas TOI]

TORAATETH [P3C
Axriroers “K 362489 342468 §16,9£101
Armiaoets “Th 3154197 2932157 19324123
Armiaocts “Ra 37,6363 11234593 113,116,37

Ay =Ant 13 1A+
80130 93£20 >360

0,085A%

This activity is based on the chemical interaction of silicon
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TABLE 4
ANALYSIS OF CENTRIFUGAL CONCENTRATOR OPERATIONS ON
BENEFICIATION OF MICRODIPERSED GOLD FROM DREDGING

TAILINGS
Vrom Tennoanexrpoctanuus
Brameocroxckas TOL-2  Apremoscras T  [laprmsancras [PIC
[peobmmumommit  [Tpenopekdi bypat ) Heporrprmcrii
Kanenmsot

THI YT (TTaenomcramt paspes) KAMEHHED
. §i0; 630 481 474
:
2 Ti0; 03 00 09
5 ALDs 214 93 03
[+
n Fei03 13 6. 196
g8
Eoo G0 34 97 48
i
& x M0 21 18 28
= &
s~ Ko 13 12 01
E
E Nar0 03 02 04
8 503 08 23 16
4]
U Ca0y 04 Q] Her

and aluminum oxides with calcium hydroxide. Calcium
hydroxide is released during the hydration of clinker minerals
forming calcium hydro silicates and hydro aluminates, which
determines the strength of the cement brick.

The composition and structure of fly ash and slag waste
depend on a set of simultaneous factors: the type and
morphological features of the combusted fuel, the fineness of
grinding during fuel preparation, the chemical composition of
the mineral part of fuel, the temperature in the combustion
zone, and the time period for which the particles remain in the
combustion zone, etc. According to the microstructural
analysis, more than 80 % of fly ash and slag wastes are
heterogeneous, highly dispersed, vitrified spherical particles
with different grain sizes (Figure 1).

1540XB_1538 AL

10.3x2.0k 50 um

Fig. 1. The microstructure of fly ash and slag waste from the
Vladivostok TPP-2 (magnification x 2000)
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The highly dispersed structure of fly ash and slag waste is a
factor in predicting the activity of particles during hydration in
relation to the binder components. According to the data [19],
the vitreous phase, the proportion of which depends on the
combustion conditions and the fuel used, is represented by X-
ray amorphous aluminosilicate compounds (Table 4).

— DTA
— TGA

583 C

97C

400 600 800

Temperature, °C

0 200

Fig. 2. The results of differential thermal analysis (DTA) and
thermogravimetric analysis (TGA) of fly ash and slag waste

An intense andeffect coupled with the mass loss at 500-700°C
indicated the burn-off of residual fuel consisting of coal
particles and residues of coke and char. A moderate
exothermic effect reaches its peak at 932°C and reflects the
crystallization of mullite-like compounds in the aluminosilicate
phase [20]. According to the results of X-ray phase analysis,
diffractive crystalline reflections of the mullite phase, in
addition to quartz, were identified in the fly ash (Figure 3).

10 20 30 40 50 60 70
2-theta (deg)

Fig. 3. The results of X-ray phase analysis of fly ash and slag waste
from the Vladivostok TPP-2 (Q — quartz, Ca — calcite, M - mullite)

In summary, the investigated fly ash is represented by
aluminosilicates by 80-90 %, about 2/3 of which are silicon
oxides. The fly ash comprises of crystalline and amorphous
phases. The crystalline phase is represented by quartz,
feldspars, mullite, etc., while the amorphous phase is
represented by glass.

5 CONCLUSIONS
The results of our analyses allow us to draw some conclusions
of interest for this study:

1. In terms of the radiation hazard, the fly ash and slag
samples meet the requirements of regulatory and technical
documentation of the Russian Federation in the field of
construction. The fact that the specific effective activity of fly

ISSN 2277-8616

ash and slag waste in the Primorsky Krai does not exceed 370
Bqg/kg, allows us to treat this waste as the first-class building
materials suitable for all types of construction.

2. Due to their high dispersion ability and mineral

composition, fly ashes of thermal power plants in the
Primorsky Krai can exhibit hydraulic activity during chemical
interaction with calcium hydroxide formed during the hydration
of cement clinker. This has a positive effect on the strength of
the cement brick.
Based on the presented results, we can conclude that fly ash
and slag waste from the heat power of the Primorsky Krai,
Russian Federation can be recommended as an effective
mineral admixture in the production of cement binder for the
construction industry.
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