
 
 
 

 

 

Procedia  
Environmental Science, 

Engineering and Management 
http://www.procedia-esem.eu 

 
Procedia Environmental Science, Engineering and Management 6 (2019) (3) 345-351 

 
Environmental Innovations: Advances in Engineering, Technology and Management, 

EIAETM, 23rd-27th September, 2019 
 

 
ASSESSMENT AND PERSPECTIVES OF PROCESSING THE 
CARBON CONCENTRATE FROM ASH AND SLAG WASTE 

FROM HEAT POWER PLANTS IN PRIMORSKY KRAI, 
RUSSIAN FEDERATION* 

 
Andrey Taskin1, Aleskandr Yudakov1,2∗∗, Oleg Elkin1, Demian Fedotov1 

 
1Far Eastern Federal University (FEFU), 10 Ajax Bay, Russky Island, Vladivostok, Russia  

2Institute of Chemistry, Far Eastern Branch of the Russian Academy of Sciences, 159,  
pr. 100 years of Vladivostok, Vladivostok, Russia 

 
 

Abstract 
 
On the basis of the conducted research, this article shows that ash and slag waste from the Vladivostok 
CHPP-2, Primorsky Krai, Russian Federation, contains up to 5% underburning in a form of unburned 
coal particles, with the maximum amount fixed in the non-magnetic fraction of + 1.0-2.0 mm. A 
technological option for underburning processing is proposed; it implies production of high-quality, 
high-calorie, low-smoke fuel briquettes, suitable for use, both in coal-fired power plants and boilers, 
and in the domestic sector. 
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1. Introduction 
 
The fuel and energy complex of the Far Eastern economic region stands out amongst 

other regions of Russia due to its role and place in the coal industry. This is, first of all, the 
predominant share of coal in the reserves of fuel and energy resources, the structure of boiler 
and furnace fuel and consumption at thermal power plants (Strategy, 2001). According to the 
data provided by the Program for the Development of the Power Industry of the Primorsky 
Krai for 2018-2022 (www.primorsky.ru), the basis of the power stations fuel balance is fossil 
coal. It should be noted that in the region, both at large heat and power facilities and boiler 
houses of housing and communal services, in most cases brown coal from local deposits with 
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high ash content (more than 25%) and moisture (more than 40%) is used (Lavrik et al., 2009; 
Tanutrov et al., 2014).  

Due to the significant content of ash and moisture in solid fuel, the efficiency of its 
combustion decreases, the heat emission decreases due to the energy lost to evaporation of 
water during combustion (Gritsenko, 2008; Keshkina and Cherkasova, 2017), and this, in its 
turn, (Elizarov, 1961) increases the underburning share in the ash mass of solid waste from 
power plants. At the same time, the unburned particles, in comparison with the initial fuel, 
are characterized by a more graphitized structure, which is formed due to the loss of volatile 
substances, as well as the burning out of a part of carbon and hydrogen (Rasskazova et al., 
2017). In general, depending on the type and grade of fossil coal and the method of its 
combustion, the content of carbon concentrate in the waste varies from 5 to 30% (Kazimirov 
et al., 2014; Kieselstein et al., 1995).  

A number of Russian and foreign researchers, for instance (Aleksandrova and 
Rasskazova, 2016; Baltrus et al., 2001; Butcher, 2007; Menshov et al., 2014; Ryabova et al., 
2019; Shabarov and Nikolaeva, 2016; Rasskazova et al., 2017) show, that coal underburning 
has significant potential for industrial application. On the one hand, as a raw material 
resource, it can be effectively used in the production of fuel briquettes, as a filler instead of 
graphite in the rubber production, a filler of special concretes used in nuclear power plants, 
etc. On the other hand, the removal of carbon from ash and slag waste (ASW) will expand 
the application scope of ash and slag waste, including: 

- increased the recovery volumes in construction industry (Burdonov et al., 2015; 
Mymrin et al., 2015; Tolmacheva et al., 2018); 

- increase the extraction efficiency for precious and rare metals (Bagryantsev et al., 
2015; Potapov et al., 2003); 

- create foundations for the technological development for extracting oxides of 
silicon, aluminum and other elements from ash and slag waste.  

Taken together, this will encourage investment in the deep processing of energy 
waste. Thus, the scientific substantiation and development of technology for extracting 
underburning from ash and slag waste is of practical importance for solving the problem of 
resource conservation through the use of secondary mineral resources. 

The main goal of the presented research is to establish the underburning content in the 
ash and slag waste of thermal power plants of Primorsky Krai, Russian Federation (using the 
example of CHPP-2, Vladivostok) and assess the possibilities of its processing into 
agglomerated fuel with high market potential. 

The work was carried out in three stages: 
• laboratory studies on ash and slag waste of heat power industry in Primorsky Krai, 

Russian Federation (for example, CHP-2, the city of Vladivostok) and the content 
of carbon concentrate (coal underburning); 

• laboratory studies on carbon concentrate briquetting and assessment of market 
potential of the resulting fuel; 

• analysis of the results, preparation of conclusions and recommendations on the 
production organization for the fuel briquettes and resource base of ash and slag 
waste from the enterprises of thermal power engineering of Primorsky Krai of the 
Russian Federation. 

 
2. Materials and methods 

 
The study focused on ash and slag waste from CHPP-2, Vladivostok, stored at the 

three ash dumps that occupy an area of about 150 hectares. Approximate amount of 
accumulated ASW is 30 million tonnes. The research methodology consists in: 
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1. A generalized sample, which is a mixture of ash and slag local samples, was taken 

from the ash dumps No. 1 and No. 2. Local samples were taken from the reclaimed 
beaches of ash dumps, using a rectangular grid system with a step of 15 meters. In the 
“knots” of the grid, holes were drilled to a depth of 1 m, sampling was carried out 
across the entire depth of the hole. The weight of one local sample ranged from 1.5 to 
2 kg.  

2. Using the Laborette-27 sample divider (Germany), an average representative sample 
of waste weighing 76.29 kg was prepared. 

3. The averaged sample was divided into magnetic and non-magnetic fractions via 
magnetic separation, followed by analysis of the particle size distribution of the non-
magnetic fraction (Analyzette-3 (Germany)). 

4. Underburning from the non-magnetic fraction of the ash and slag waste was removed 
at the concentration table of the SKO 1, brand of OAO Mashzavod Trud. 

5. The underburning content in the ash and slag fractions was determined by calcining 
samples in accordance with GOST R 57065-2016 (GOST 57065, 2016).  

6. Fuel briquettes from underburning are made with screw (MZBU - 1004 LLC Unitek) 
and roll (“Briquette machine ZZXM-6”) presses. Sodium "liquid glass" is used as a 
binder. 

7. The calorific value of briquettes is determined via a Shimadzu DSC-60 differential 
scanning calorimeter (Japan). 

8. Field experiments on the burning of briquettes in a household stove were carried out. 
 

3. Results and discussion 
 
Table 1 presents the data on the content of the magnetic fraction in the sample and on 

the particle size distribution of the non-magnetic fraction of ash and slag waste from CHPP-2, 
Vladivostok. Table 2 shows the results of measurements on the content of underburning in 
the magnetic and non-magnetic fractions. The presence of underburning in the magnetic 
fraction is due to the fact that the extraction of magnetic materials was carried out in a single 
step. The task of obtaining pure magnetic material was not posed. According to the 
measurement results, the maximum amount of underburning was recorded in the non-
magnetic part of the sample in the size class -2.0 + 1.0 mm. 

In total, the investigated sample contains 5.06% of underburning. Considering that the 
total amount of ash and slag waste at TTP-2 is estimated at 30 million tonnes, it can be 
assumed that the reserves of underburning in the ash dumps of this station alone are about 
1,500,000 tonnes. Figures 1 and 2 show the underburning of coarse fractions, which is 
relatively easily retrieved via the concentration. Removing the underburning of the small 
fraction of the ash and slag waste via the concentration table is inefficient; it is necessary to 
use other methods to solve this problem. 

 
Table 1. Results of particle size analysis by size class in non-magnetic fraction for ash and slag waste  

 

Fraction, size class, mm 
 

Fraction yield, class. 
kg % 

Magnetic fraction: 11.40 14.94 
Non-magnetic fraction: 
-2.0+1.0  16.24 21.29 
-1.0+0.5  7.49 9.82 
-0.5+0.2  36.27 47.54 
- 0.2+0.0 4.89 6.41 
TOTAL 76.29 100.00 
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Table 2. The results of underburning content determination in magnetic and non-magnetic fractions  
 

Fraction, size class, mm Underburning content, % 
kg % 

Magnetic fraction: 0.107 0.94 
Non-magnetic fraction: 
-2.0+1.0 2.020 12.45  
-1.0+0.5  0.566 7.56  
-0.5+0.2  1.050 2.90  
- 0.2+0.0  0.121 2.49  
TOTAL 3.864 - 

 
 

 
 

Fig.1. Underburning, fraction +1.0 – 2.5 mm. 
 
 

 
 

Fig.2. Underburning, fraction +5.0 – 2.5 mm. 
 
Based on the extracted underburning, pilot batches of fuel briquettes were made (Figs. 

3, 4), their caloric content was determined, and combustion experiments were conducted 
(Fig.5). 
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Fig. 3. Briquettes made using a screw press 
 

 
 

Fig.4. Briquettes made using a screw press 
 

 
 

Fig.5. Photograph of briquette burning test 
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According to the measurement results, the caloric content of briquettes from the 

manufactured batch ranged from 3,600 to 4,000 kcal (with a caloric content of the original 
brown coal, 1800-2,100 kcal). The fluctuation in the caloric content of briquettes is related to 
the purity of the resulting underburning. 

Preliminary tests on briquette burning conducted at a small boiler house in a furnace 
with fixed grates demonstrated their good flammability, uniformity and duration of 
combustion with a slight emission of flue gases. 

 
4. Conclusions 

 
Based on the results of the study, the following conclusions can be drawn: 
1) underburning content in ash and slag waste from thermal power plants of 

Primorsky Krai, Russian Federation can be seen as9 a promising source of raw materials for 
producing briquetted solid fuel; 

2) the organization of the production of briquettes from underburning contributes to 
the resource-saving of traditional energy carriers and the reduction of the anthropogenic load 
on the environment from man-made waste from thermal power plants. 
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