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STUDY SUMMARY

Report 112 p., 7 formulas, 7 Fig., 8 table, 28 sources, 7 app.

MANGANIFEROUS TAILINGS, MANGANESE CONCENTRATE, BENEFICIATION, SEPARATION, BENEFICIATION PLANT
Research Object. Manganiferous tailings of the Zhezdinskiy Beneficiation Plant.
Research Objective. Processing of HMW manganiferous tailings of Zhezdinskiy BP and development of a detailed design of a pilot mobile plant for beneficiation.
Research methods. Analysis of technical reference materials, scientific and technical reports. Sampling and preparation of samples for research. Mineralogical, chemical, granulometric, fractional, X-ray phase analysis methods. High-level laboratory studies by dry magnetic separation method for enrichment of stale manganiferous tailings.
Key outcomes and their novelty.
The distribution of manganese by size classes was studied, which allowed us to establish that for the full disclosure of minerals, it is necessary to grind the tailings to a size less than 1 mm.
A scheme for tailings enrichment has been developed, which includes dry grinding followed by air separation, the products of which are processed in separators with a strong magnetic field.
It was found that the use of air separation can increase the yield of manganese concentrate by 3-4 % and the extraction of manganese into the concentrate by 2-3 %, which leads to a more complex enrichment scheme.
Therefore, we recommend the most easy-to-maintain and operate technology, which includes dry grinding of tailings to a size less than 1 mm, followed by separation in a magnetic field with an induction of 0.3 T.
The market of magnetic separators has been studied and the engineering layout of an experimental mobile magnetic enrichment plant has been developed.
Applicable Scope
Enterprises on manganese alloys production such as Temirtau electrometallurgical plant, Aksu ferroalloy plant, Taraz metallurgical plant. 

STUDY SUMMARY

Есеп 112 б., 7 формулалар, 7 сурет, 8 кесте, 28 әдебиет, 7 қосымша 

МАРГАНЕЦ БАР ҚАЛДЫҚТАР, МАРГАНЕЦ КОНЦЕНТРАТЫ, БАЙЫТУ, БӨЛУ, БАЙЫТУ ЗАУЫТЫ
Зерттеу нысаны. Жезді байыту фабрикасының марганецті қалдықтары.
Жобаның мақсаты. Жезден ОБ-дағы TMO марганец құрамды қалдықтарын өңдеу және байыту үшін эксперименталды жылжымалы қондырғының жұмыс жобасын әзірлеу.
Зерттеу әдістері. Техникалық әдебиетті, ғылыми-техникалық есептерді талдау. Талдаудың гранулометриялық және химиялық әдістері. Жатқан марганец құрамды қалдықтарды байыту бойынша ірілендірілген-зертханалық зерттеулер жүргізу. Әлсіз магнитті кендерді құрғақ байытуға арналған магнитті сепараторлар нарығын зерттеу.
Жұмыстың негізгі нәтижелері және олардың жаңашылығы. 
Жезді БФ марганецті қалдықтарын зерттеуге арналған әдеби көздермен техникалық есептерді және қалдықтарды байытудын технологияларын іздеу нәтижелеріне талдау жасалды. Қалдықтардың заттық және хирмиялық құрамы анықталды. Ірілік кластарының құрамындағы марганецтің үлесін айқындау арқылы оларды толық ажырату үшін қалдықтарды қосымша ұнтақтау керектігі көрсетілді.
Байыту схемасына ұнтақтаудан кейін ауда байыту операциясын кіргізу арқылы қалдықтарды күшті магниттік өрісте байыту технологиясы ұсынылды.
Ауа сепарациясы марганец жиынтығының шығымын 3-4% айыру дәрежесін 2-3% жоғарылатады. Ол байыту технологиясын күрделендіріп жібереді. Сондықтан, қалдықтарды әрі арзан, әрі қарапайым болатын схема ұсынылды. Ол схемада қалдықтар ірілігі -1 мм-ге дейін ұнтақталған соң индукциясы 0,3 Тл болатын магниттік өрісте байытылады.
Жезді БФ-ның жатық қалдықтарын байытуға тәжірібелік жылжымалы байыту қондырысының техникалық жобасы жасалды.
Жобалау барысында тәжрибелік жылжымалы магнит өрісінде байыту қондырғысының құрастыру сызбалары және қондырғының жұмысын қамтамасыз ететін қосымша қондырғылардың сызбалары жасалды. 
Қолдану саласы
Марганец қорытпаларын өндіретін кәсіпорындар Теміртау электрометаллургиялық комбинаты, Ақсу ферроқорытпа зауыты, Тараз металлургия зауыттары
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NTRODUCTION

Assessment of the current state of the solved scientific and technical problem.
The strategically important branch of the economy of the Republic of Kazakhstan is the mining and metallurgical industry which provides raw materials for the production of high-tech and science-intensive end products. The main problems of the mining and metallurgical industry are: raw material base depletion; low complexity of the raw materials used; high degree of wear of fixed assets; high degree of environmental pollution. Such problems are typical for most countries with a developed mining and metallurgical industry.
Justification of the need for research.
In the conditions of the steady depletion of ore deposits rich in the content of useful components, the replenishment and expansion of the raw material base of the existing enterprises is possible due to the involvement of new deposits of medium and small reserves and low contents of useful components in processing. One of the additional sources of replenishing the raw material base of existing enterprises is technogenic mineral formations accumulated in special ore dumps or tailing dumps of BPs over many years of operation of large enterprise [1-4]. 
In recent years, much attention has been paid to the issue of involving man-made waste or man-made mineral raw materials in processing to ensure the mineral resource base of existing enterprises and the ecological safety of the environment [5-10].
Relevance of the topic
The first President of the Republic of Kazakhstan N.A.Nazarbayev, speaking at the Kazakhstan International Congress on Mineral Resources and Metallurgy 2010-Astana Minerals & Metallurgy said - The country has accumulated more than 30 billion tons of cinder resources including 20 billion tons technogenic wastes of the mining and metallurgical complex. They should be considered as an independent raw material base of metallurgy
As part of the solution to the task set by the first President, the development of innovative enrichment technologies and the involvement of technogenic raw materials in the production allowing to expand the raw material base of the metallurgical industry, reduce the harmful impact on the environment by reducing the volume of stored industrial waste and improve the social situation in the regions is highly relevant.
Сurrently, there is a stable demand for manganese products. This is due to the growth of the steel and metallurgical industries. At the same time, there is a shortage of manganese raw materials in metallurgical enterprises of Kazakhstan and Russia. The shortage of manganese concentrates also affected the CIS countries, China, etc. In the context of an acute shortage of manganese raw materials for industry, scientists from many countries pay great attention to researching the material composition of technogenic deposits, finding methods and technologies for their processing [11-16].
One of the large man-made deposits in the Republic of Kazakhstan is the tailing dump of the Zhezdinskiy BP located in the Ulytau area of the Karaganda region.
As part of the work under the grant, a team of authors carried out the following:
study of the mineralogical and material composition of the stale manganiferous tailings of the Zhezdinskiy BP;
study of the manganiferous tailings enrichment and the choice of the optimal technology for their processing;
high-level laboratory studies by dry magnetic separation method for the enrichment of stale manganiferous tailings of the Zhezdinskiy BP;
development of a detailed design of a pilot mobile plant for enrichment of manganiferous tailings of Zhezdinskiy BP.
The project is registered in National Center for Scientific and Technical Expertise JSC; No. of state registration - 0118RK00992.
Information numbers of interim reports for 2018-2019: 0218RK01143 and 0219RK00671, respectively.


















MAIN PART OF THE RESEARCH REPORT

1 Study of mineralogical and material composition of stale tailings at beneficiation plant 

1.1 Study and analysis of previously conducted research on development of enrichment technology of this type of technogenic raw materials

The technogenic mineral formations at Zhezdinskiy BP are located in the Ulytau area of Karaganda region, 45 km North-West of the city of Zhezkazgan within the South-Western part of M-42-135, as shown in figure 1. The nearest settlement to the HMW of the Zhezdinskiy BP is Zhezdy village. The area is sparsely populated.
[image: ]
Figure 1 – Location of the technogenic mineral formation at Zhezdinskiy BP.

Technogenic mineral formations were formed during the period of the processing plant operation from 1965 to 2002 and are represented by the old tailing dump of stale waste and a new one in the worked out open pit Promezhdushny, as shown in figure 2.
[image: ]
Figure 2 – Location of the old tailing dump of stale waste and the new one in the worked out open pit Promezhdushny.

The old tailing dump was formed from the waste of the factory from 1965 to 1995. In 1997-2002, the classifier was discharged here when enriching the ores of the Tur deposit. Over the entire period of the formation of the old tailing dump, wastes from the manganese ores enrichment from the Zhezdy, Promezhdushny, Ushkatyn III, Zhaksykotr, Tur deposits have accumulated. There was no accurate accounting of tailings at the Zhezdinskiy BP.
In 2000, the Fossstis Corporation LLP presented a sample of stale tailings from the Zhezdinskiy BP weighing 30 kg to the Kazmekhanobr-Technogen RPC for the enrichment study. The sample was a free-flowing, brown-light-gray material with a particle size of 0-4 mm. The content of manganese in the sample was 10.84%, iron - 2.15%. Enrichment studies at Kazmekhanobr-Technogen RPC were carried out by dry magnetic separation.
The particle size distribution of the sample was carried out using a standard set of sieves, which showed that the manganese content in the -0.074 +0 mm class was more than 24% with a yield of about 6%. This indicates that the use of a grinding operation for stale tailings will allow full disclosure of aggregates of manganese minerals.
Fractional analysis of the starting product was carried out using Clerici liquid at a solution density of 2.82 g/cm3. The results of fractional analysis, indicated in table 1, show that stale manganiferous tailings can be attributed to gravitationally easily enriched materials. The yield of heavy fractions with a manganese content of 30.50% was 34.00% with a high extraction of manganese equal to 96.00%.

Table 1 – Outcomes of fractional analysis of T-1 sample stale tails (2000)
	Fraction
	Yield, %
	Content,  %

	
	
	Mn
	Fe
	SiO2
	P
	S
	Al2O3

	Heavy fraction
	34,00
	30,50
	3,21
	28,07
	0,05
	0,36
	8,22

	Light fraction
	66,00
	0,65
	1,60
	69,63
	0,03
	0,01
	14,05

	Total
	100,0
	10,60
	2,15
	55,50
	0,036
	0,13
	12,07

	Fraction
	Distribution, %

	Heavy fraction
	34,00
	96,00
	50,76
	17,19
	4,72
	94,15
	23,15

	Light fraction
	66,00
	4,00
	49,24
	82,81
	95,28
	5,85
	76,85

	Total
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0



Research on the enrichment of stale tailings by dry magnetic separation in laboratory conditions was carried out on an electromagnetic separator of the 138-T brand with an adjustable magnetic field strength from 1300 to 13000 oersted. A series of experiments was carried out on samples weighing 0.5 kg each.
According to data given in Table 2, it can be seen that at magnetic field strengths from 2000 to 3000 oersted, conditional manganese concentrates can be obtained.
In 2009, Mekhanobr-Nedra LLP carried out technological research by dry magnetic separation method with a more representative sample weighing 750 kg with a manganese content of 9.50% and an iron content of 2.15%.
The received sample is represented with fragments of arkose sandstone of reddish-pink color of varying intensity, 5+0 mm in size.
Manganese ore minerals are represented with psilomelan, brownite, pyrolusite characterized by intensive substitution of one another and create close natural mixtures together with quartz and potassium feldspar.
Chemical analysis of stale tailings showed that the content of metals and compounds was: manganese - 9.50-9.74%; iron -2.15%; silica -55.50%; aluminum oxide -12.10%; potassium oxide -5 , 72%; magnesium oxide -1.35% and calcium oxide -1.20%. A specific feature of the Zhezdy tailings is a low phosphorus content of -0.036-0.04% and sulfur -0.13%.
Granulometric analysis showed that the yield of -0.5 + 0 mm size class is predominant with a yield of 79.80%.
Laboratory research on magnetic separation was carried out on an electromagnetic separator of 138-T brand with an adjustable magnetic field strength from 1300 to 7000 oersted. The research outcomes are presented in Tables 3 and 4.
Based on the above, it was concluded that it is possible to obtain a conditioned manganese concentrate with a manganese content from 31.18% to 44.6% by changing the magnetic field strength from 2000 to 3000 oersted.

1.2 Sampling from the BP technogenic deposit

In 2018, within this project, the Kazakhstan National Academy of Natural Sciences RPA conducted new research on the enrichment of stale tailings by dry magnetic separation method.
In order to select the optimal technology for processing manganiferous tailings of the Zhezdinskiy BP, it was necessary to conduct additional research to confirm the previously obtained results on the examination of the material composition and enrichment of manganiferous tailings, since the technogenic deposit was under the influence of atmospheric influence for a long time (more than 10 years). 
A representative sample was taken from different parts of the technogenic deposit. A diagram of the exploration wells location, carried out earlier to assess a technogenic deposit in order to clarify the manganese reserve, was used.
Sampling was carried out from 10 sites using the pits method.
The pits were driven manually; the cross section of the pits was 0.9x0.9 m; the depth was 1.0 m.
A sample weight was 30 kg. The total sample mass was 300 kg. 
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Table 2 – Results of magnetic enrichment experiments of T-1 sample stale tails at Kazmekhanobr-Technogen RPC (2000)
	Cond.
exp.No
	Products
	Yield, 
 %
	Content, %
	Extraction, %

	
	
	
	Mn
	Fe
	SiO2
	P
	S
	Al2O 3
	CaO
	MgO
	Mn
	Fe
	SiO2
	P
	S
	Al2O 3
	CaO
	MgO

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	1.
 Н=4000
Oe.
	Class +1
	11,40
	12,72
	2,63
	50,75
	0,05
	0,11
	11,69
	2,43
	1,73
	13,38
	13,94
	10,42
	15,83
	9,59
	11,04
	23,08
	14,61

	
	Concentrate.
	29,14
	25,55
	3,23
	36,67
	0,05
	0,20
	11,06
	2,27
	1,87
	68,68
	43,78
	19,25
	40,55
	44,74
	26,70
	55,12
	40,37

	
	Tails
	59,46
	3,27
	1,53
	65,64
	0,026
	0,10
	12,64
	0,44
	1,02
	17,94
	42,28
	70,33
	43,62
	45,67
	62,26
	21,80
	45,02

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00

	2. 
Н=7000
Oe.  
	Class +1
	11,80
	12,72
	2,63
	50,75
	0,05
	0,11
	11,69
	2,43
	1,73
	12,67
	13,20
	9,88
	15,00
	9,16
	10,46
	21,87
	13,84

	
	Concentrate
	37,20
	21,42
	3,30
	39,03
	0,05
	0,18
	12,01
	2,17
	1,88
	73,51
	57,07
	26,16
	51,67
	51,58
	37,02
	67,29
	51,81

	
	Tails
	52,00
	2,88
	1,23
	68,27
	0,023
	0,10
	12,19
	0,25
	0,89
	13,82
	29,73
	63,96
	33,33
	39,26
	52,52
	10,84
	34,35

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00

	3. 
Н=7500  Оe.
	Class +1
	9,70
	12,72
	2,63
	50,75
	0,05
	0,11
	11,69
	2,43
	1,73
	11,38
	11,87
	8,87
	13,49
	8,28
	9,39
	19,64
	12,43

	
	Concentrate.
	39,30
	20,77
	3,29
	39,06
	0,05
	0,12
	12,00
	2,29
	1,98
	75,30
	60,14
	27,66
	54,80
	36,50
	39,07
	75,00
	57,65

	
	Tails
	51,00
	2,83
	1,18
	69,07
	0,022
	0,14
	12,20
	0,13
	0,79
	13,32
	27,99
	63,47
	31,71
	55,22
	51,54
	5,36
	29,92

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00

	4. 
Н=11000  Оe.
	Class +1
	9,64
	12,72
	2,63
	50,75
	0,05
	0,11
	11,69
	2,43
	1,73
	11,31
	11,78
	8,82
	13,38
	8,15
	9,34
	19,53
	12,35

	
	Concentrate
	43,86
	20,25
	3,12
	40,07
	0,05
	0,25
	11,95
	1,96
	1,85
	81,95
	63,59
	31,66
	60,80
	84,32
	43,43
	71,64
	60,10

	
	Tails
	46,50
	1,57
	1,14
	71,04
	0,02
	0,021
	12,26
	0,23
	0,80
	6,74
	24,63
	59,52
	25,82
	7,35
	47,23
	8,83
	27,55

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00

	5.  
Н=3000  Оe.
	Class +1
	11,40
	12,72
	2,63
	50,75
	0,05
	0,11
	11,69
	2,43
	1,73
	13,38
	13,94
	10,42
	15,83
	9,59
	11,04
	23,08
	11,61

	
	Concentrate.
	18,40
	31,18
	3,61
	30,06
	0,04
	0,26
	8,80
	2,37
	1,86
	52,94
	30,89
	9,97
	20,48
	36,62
	13,42
	36,33
	25,36

	
	Tails
	70,20
	5,20
	1,69
	62,94
	0,033
	0,10
	12,99
	0,64
	1,15
	33,68
	55,17
	79,61
	63,69
	53,79
	75,54
	40,59
	60,03

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00

	6  
 Н=3000
Оe.
	Concentrate
	20,40
	31,18
	3,61
	30,06
	0,04
	0,26
	8,80
	2,37
	1,86
	58,67
	34,25
	11,05
	22,63
	40,71
	14,87
	40,31
	28,09

	
	Tails
	79,60
	5,63
	1,78
	62,02
	0,035
	0,10
	12,91
	0,90
	1,22
	41,33
	65,75
	88,95
	77,37
	59,29
	85,13
	59,69
	71,91

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00

	7.
Н= 2000
Oe.
	Concentrate
	10,00
	40,98
	3,35
	21,97
	0,04
	0,30
	6,76
	2,44
	1,51
	37,81
	15,56
	3,90
	10,99
	23,26
	5,60
	20,37
	11,20

	
	Tails
	90,00
	7,49
	2,02
	59,26
	0,036
	0,11
	12,66
	1,06
	1,33
	62,19
	84,44
	96,10
	89,01
	76,74
	94,40
	79,63
	88,80

	
	Total
	100,00
	10,84
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00





Table 3 – Granulometric specification of stale sample tailings (2009)
	Size classes, mm
	Yield, %
	Content of Mn, %
	Distribution of Mn,
%

	- 5 + 2
	1,70
	11,07
	1,93

	- 2 + 1
	5,11
	8,49
	4,45

	- 1 + 0,5
	15,30
	9,65
	15,16

	- 0,5 + 0,1
	71,02
	8,94
	65,17

	- 0,1 + 0,074
	0,99
	16,32
	1,66

	- 0,074 + 0,044
	3,08
	22,95
	7,26

	- 0,044 + 0
	2,80
	15,20
	4,37

	Total
	100,0
	9,74
	100,0



Table 4 – Results of experiments on a sample magnetic separation conducted by Mekhanobr-Nedra LLP (2009)
	Products 
	Yield, %
	Content, %
	Extraction, %
	Field vol., Oe

	
	
	Mn
	Fe
	SiO2
	P
	S
	Al2O3
	CaO
	MgO
	Mn
	Fe
	SiO2
	P
	S
	Al2O3
	CaO
	MgO
	

	Concentrate
	7,52
	44,6
	3,20
	20,70
	0,04
	0,28
	6,00
	2,20
	1,45
	35,35
	11,21
	2,81
	8,26
	15,97
	3,74
	13,77
	8,08
	
2000

	Tails
	92,48
	6,64
	2,06
	58,33
	0,036
	0,12
	12,56
	1,12
	1,34
	64,65
	88,79
	97,19
	91,74
	84,03
	96,26
	86,23
	91,92
	

	Total
	100,0
	9,50
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	

	Concentrate
	10,73
	40,4
	3,35
	21,97
	0,04
	0,30
	6,76
	2,44
	1,51
	44,73
	16,69
	4,25
	11,81
	24,69
	6,01
	21,83
	12,01
	
2200

	Tails
	89,27
	6,00
	2,01
	59,53
	0,036
	0,11
	12,71
	1,05
	1,33
	55,27
	83,31
	95,75
	88,19
	75,31
	93,99
	78,17
	87,99
	

	Total
	100,0
	9,69
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	

	Concentrate
	13,73
	36,6
	3,45
	25,30
	0,04
	0,30
	7,20
	2,40
	1,55
	52,88
	22,06
	6,26
	15,41
	31,69
	8,19
	27,44
	15,74
	
2500

	Tails
	86,27
	5,19
	1,94
	60,31
	0,035
	0,103
	12,84
	1,01
	1,32
	47,12
	77,94
	93,74
	84,59
	68,31
	91,81
	72,56
	84,26
	

	Total
	100,0
	9,50
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	

	Concentrate
	20,41
	31,2
	3,61
	30,06
	0,04
	0,26
	8,80
	2,37
	1,86
	66,99
	34,21
	11,06
	22,72
	40,75
	14,88
	40,31
	28,11
	
3000

	Tails
	79,59
	3,94
	1,78
	62,02
	0,035
	0,097
	12,91
	0,90
	1,22
	33,01
	65,79
	88,94
	77,28
	59,25
	85,12
	59,69
	71,89
	

	Total
	100,0
	9,50
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	

	Concentrate
	29,14
	25,6
	3,23
	36,67
	0,05
	0,20
	11,06
	2,27
	1,87
	78,37
	43,72
	19,25
	40,67
	45,12
	26,69
	55,12
	40,28
	
4000

	Tails
	70,86
	2,90
	1,71
	63,24
	0,030
	0,10
	12,49
	0,76
	1,14
	21,63
	56,28
	80,75
	59,33
	54,88
	73,31
	44,88
	59,72
	

	Total
	100,0
	9,50
	2,15
	55,50
	0,036
	0,13
	12,07
	1,20
	1,35
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	100,0
	



1.3 Mineralogical and material analysis

The mineral and chemical composition of the stale tailings of the Zhezdinskiy BP was studied during the certification of the tailing dump in 1995. According to the State cadastre for technogenic objects accounting (Certificate No. 132/1, Kazakhnedra), the mineral composition of the tailings is:
1. Manganese minerals: brownite, psilomelan, pyrolusite, coronardite from 20 to 30%.
2. Other ore minerals: hematite - 0.6-1.0%, limonite - 0.8%, barite 4.3%.
3. Nonmetallic minerals: potassium feldspar - 25%, quartz - 22%, plagioclase - 8%, biotite - 3.2%, calcite 2018 - 1.2%, kaolinite - 1.4%, chlorite - 0.6%, gypsum - 0.2%.
Chemical composition of tailings according to land cadastre data (%): SiO2 - 54.4; Mn - 10.5; Al - 5.74; K - 5.35; Fe - 1.98; Ba - 1.44; Ca - 0.98; TiO2 - 0.25; Pb - 0.2; Sr - 0.04; Zn - 0.02; Rb - 0.018; Ag - 1.6 g/t; Au - 0.1 g/t.
The samples material composition taken from this technogenic deposit were determined during the study of enrichment in 2000 (by Kazmekhanobr-Technogen RPC); in 2002, when conducting exploration at a technogenic field (by Tsentrgeolsmyomka LLP); when conducting repeated technological studies for the possibility of processing stale tailings in 2004 (by Qingyu JSC, China); in 2009 (by Mekhanobr-Nedra JSC) and in 2018.
The results of earlier research on the study of mineralogical and material composition are confirmed by the data obtained as a result of chemical and X-ray phase analyzes in 2018. Chemical, X-ray phase and granulometric analysis of the sample was carried out by the branch of the National Center for Complex Processing of Mineral Resources of the Republic of Kazakhstan RSE named after J. Abishev. Chemical composition of the ZBP tailings sample showed the following content of elements, in percent (Fe-3.04%; Mn-10.89%; Al2O3-8.38%; SiO2 -56.95%).
X-ray phase analysis of samples carried out on a DRON-2.0 diffractometer confirmed the results of an earlier study on material composition of the mineral tailings at Zhezdinskiy BP.
The research results show the homogeneity of the chemical composition of the stale tailings. Manganese minerals are represented with psilomelan (nMnOMnO2×H2O); brownite (Mn2O3); pyrolusite (…) with small inclusions of coronardite (PbMn Mn6O14) and ketromt (Pb3Mn4Si3O15).
Analysis of sections with manganese content grades indicates a slight increase in manganese content with depth which is possible due to the processing of richer ores in the initial period of tailing. 
In general, the distribution of manganese within the tailing dump is uniform; the content of harmful impurities (sulfur and phosphorus) is insignificant.

2 Enrichment of manganiferous tailings and of the optimal technology for their processing 

2.1 Carrying out research on tailings enrichment using magnetic and combined separation schemes

In order to compare the expected results with the previous ones and to correctly select the optimal modes for processing stale manganiferous tailings, the research by dry magnetic separation method was carried out at various values of the magnetic field strength.
A strong magnetic separator РС-В 12/10-12.018 -2012 was used for magnetic enrichment of the sample under consideration.
The magnetic concentration scheme is shown in figure 3. The main separation was carried out at a magnetic field strength of 7000 Oe. The resulting non-magnetic fraction was subjected to cleaning at 11000 Oe. The results of magnetic separation are presented in table 5.



Figure 3 – Magnetic Concentration Scheme

Table 5 shows that the total yield of the magnetic fraction is 52.23%. 89.21% of manganese, 54.91% of iron, 38.75% of silicon dioxide and 48.80% of aluminum oxide are extracted into the magnetic fraction, while the magnetic product contains: Mn - 18.6%, Fe - 3.2%, SiO2 - 42.25%, Al2O3 - 7.83%, in comparison with the tailings in the magnetic concentrate, the manganese content increased by 1.71 times.

Table 5 – Dry magnetic separation results
	Fraction
	Выход,
	Fe, %
	SiO2, %
	Al2O3, %
	Mn, %

	
	gr
	%
	cont.
	extr.
	cont.
	extr.
	cont.
	extr.
	cont.
	extr.

	Magnetic
	585
	52,23
	3,20
	54,91
	42,25
	38,75
	7,83
	48,80
	18,60
	89,21

	Non-magnetic
	535
	47,77
	2,87
	45,09
	73,02
	61,25
	8,98
	51,20
	2,46
	10,79

	Total
	
	100,0
	
	100,0
	
	100,0
	
	100,0
	
	100,0



Table 5 shows that the total yield of the magnetic fraction is 52.23%. 89.21% of manganese, 54.91% of iron, 38.75% of silicon dioxide and 48.80% of aluminum oxide are extracted into the magnetic fraction, while the magnetic product contains: Mn - 18.6%, Fe - 3.2%, SiO2 - 42.25%, Al2O3 - 7.83%, in comparison with the tailings in the magnetic concentrate, the manganese content increased by 1.71 times.
The X-ray phase analysis of the magnetic and non-magnetic fractions showed that the X-ray of the magnetic fraction is represented with trivalent manganese oxide · (d/n: А˚2.72); manganese silicate; feldspar K [AlSi3O8] - Na [AlSi3O8] - Ca [AlSi2O8] (d/n: А˚3.24); quartz SiО2 (d/n: А˚4.27; 3.35; 2.13; 1.82); mica (d/n: А˚10.2; 4.5).
The non-magnetic fraction is represented mainly with feldspar K[AlSi3O8] - Na [AlSi3O8] - Ca [AlSi2O8] (d/n: A˚3.80; 3.49; 2.99; 2.91; 2.58) and quartz SiO2 (d/n: А˚4.27; 3.36; 2.46; 2.29; 2.24; 1.98; 1.81; 1.67; 1.54). 
The outcomes of the granulometric analysis showed that the full release of the manganese mineral occurs during grinding to a particle size of 0.074 mm. Thus, the manganese content in the -0.074 mm class is 31.84%.
The results of dry magnetic separation show that the total yield of the magnetic fraction is 52.23% with the manganese extraction of 89.21%. However, the manganese content is only 18.60%.
These results were expected since previously conducted studies have established a tendency that with an increase in the magnetic field strength, the yield of the magnetic product and the extraction of manganese into the concentrate will increase, while the manganese content will decrease.
Based on the results obtained during the study of dry magnetic separation of stale tailings at Zhezdinskiy BP with a particle size of -5.0 + 0.0 mm, the following conclusions can be drawn:
· at low values of the magnetic field intensity, it is possible to obtain a manganese concentrate of the required quality but with significant losses of manganese in the separation waste;
· at high values of the magnetic field intensity, it is possible to ensure a high extraction of manganese into the concentrate but with a low content of manganese in the concentrate.
Analysis of the granulometric composition of the tailings suggests that the reason for this situation is insufficient opening of mineral aggregates.
Based on the study and analysis of the material composition and the results of technological research of dry magnetic separation of tailings, it was concluded that in order to select the rational technology for tailings processing at the Zhezdinskiy BP, it is required to conduct additional high-level laboratory studies and include the operation of dry grinding of tailings to size classes less than 1 .0 mm into the enrichment scheme.
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3 High-level laboratory studies of manganiferous tailings enrichment at the zhezdinskiy beneficiation 

3.1 Development of a methodology for conducting high-level laboratory studies

The research results of the material composition of stale manganiferous tailings at Zhezdinskiy BP and technological studies of their enrichment carried out by the authors in [17-18], allow us to draw the following conclusions: 
1. The stale manganiferous tailings of the Zhezdinskiy BP have a size of less than 5 mm. The yield of less than 1 mm class is more than 90%. This class contains from 85 to 91% of manganese, while the highest manganese content is observed in the -0.071 + 0 mm class equal to 31.84%. This indicates that the stale tailings of the BP contain finely disseminated manganese minerals. For efficient extraction of manganese from stale tailings, it is necessary to fully release manganese minerals by including dry grinding operations in the enrichment scheme.
2. The stale manganiferous tailings of the Zhezdinskiy BP are gravitationally easy to concentrate materials. This is confirmed by the results of fractional analysis showing a high extraction of manganese into the heavy fraction, which was 96.00% with a manganese content of 30.00%. 
The main metalliferous minerals have densities, on average, in the range of 4.5÷5.0 g/cm3, while nonmetallic rock-forming minerals, namely feldspars, quartz, kaolinite, dolomite and others have densities in the range of 2.6÷2, 9 g/cm3.
In order to check and use the property of easy enrichable tailings, it is proposed to include an air separation operation in the enrichment scheme.
Manganese and other ore minerals contained in the studied tailings are weakly magnetic and can be efficiently recovered from the tailings by dry magnetic separation into manganese concentrate.
In view of the research results carried out by the authors of [17-18] for the enrichment of technogenic raw materials and considering the easy gravitational washability and the need for full release of manganiferous minerals aggregations, the following research scheme is proposed, shown in figure 4.
Manganiferous tailings with a particle size of -5.0 +0.0 mm are subjected to fine dry grinding to a size class of -1.0 + 0.0 mm which are sent to the screening operation where they are divided into classes -1.0 + 0.5 mm and - 0.5 + 0.0 mm. Screening products go to the air separation operation where the minerals are separated at equal falling rates. Single-chamber air separation products are fed to dry magnetic separation to obtain manganese concentrate and tailings [18].



Figure 4 – High-level laboratory studies of manganiferous tailings 
enrichment at Zhezdinskiy BP

The use of dry grinding will allow for a more complete release of manganiferous minerals aggregates, and air separation, as an operation of preliminary concentration of minerals in the product entering dry magnetic separation. It is anticipated that this will remove most of the non-magnetic particles prior to applying dry magnetic separation and reduce the load on the magnetic separation operation. An increase in the extraction of manganese into concentrate and its yield can be expected.

3.2 High-level laboratory study

Preparation of manganiferous tailings for research: averaging, quartering, sampling for analysis and conducting the research itself, as well as chemical, phase and fractional analyzes were carried out in the laboratories of the branch of the Chemical and Metallurgical Institute named after Zh. Abishev under the National Center for Complex Processing of Mineral Raw Materials RSE.
A sample weighing 30.865 kg was screened according to size classes -1.0 + 0.5 mm; -0.5 + 0.0 mm. The results of dry screening are presented in table 6. 

Table 6 – Dry screening results
	Initial sample
	Yield, %
	Content, %
	Extraction, %

	
	
	Fe
	Mn
	SiO2
	Fe
	Mn
	SiO2

	-1,0+0,0
	100,0
	2,41
	10,01
	55,60
	100,0
	100,0
	100,0

	-1,0+0,5
	29,92
	2,55
	9,19
	47,63
	31,66
	27,47
	25,63

	-0,5+0,0
	70,08
	2,35
	10,36
	59,00
	68,34
	72,53
	74,37

	Total
	100,0
	2,41
	10,01
	55,60
	100,0
	100,0
	100,0



The results of dry screening crushed to a particle size of less than 1 mm showed that the yield of a class with a particle size of -0.5 + 0.0 mm is more than 70% with 72.53% of manganese contained. 
The samples obtained after dry screening of -1.0 + 0.5 mm size class and -0.5 + 0.0 mm size class with Mn content of 9.19% and 10.36%, respectively, were sent to the air separation.
In order to carry out air separation of manganiferous tailings, a horizontal air separator has been developed and manufactured; the side walls are made transparent that makes it possible to monitor the process of particle movement inside the separator.
In order to select different specific gravity and size of the air flow rate required for the horizontal movement and settling of mineral particles, calculations of the final particles falling rates of ore and nonmetallic minerals in the air were performed [18].
Through the transparent walls of the separator, the process of movement and deposition of particles into the receiving chambers of the separator was observed. The sedimented parts of the samples were removed from three receiving chambers. The weights and volumes of the products obtained were determined. Separation products were sent for granulometric and chemical analyzes.
When conducting particle size analysis of air separation products, the class of -0.5 + 0.0 mm was scattered into the following classes: -0.5 + 0.315 mm, -0.315 + 0.16 mm and -0.16 + 0.0 mm. The results of the particle size analysis of the air separation products are presented in table 7.

Table 7 – Granulometric composition of air separation products (AS) of -0.5 +0.0 mm size class  
	Product
	Class, mm
	Yield, %
	Content, %
	Extraction, %

	
	
	
	Fe
	Mn
	SiO2
	Al2O3
	Fe
	Mn
	SiO2
	Al2O3

	No.1
	Initial
	100,00
	2,17
	14,14
	52,80
	11,27
	100,00
	100,00
	100,00
	100,00

	
	-0,5 +0,315
	32,62
	1,82
	12,11
	56,01
	11,83
	27,36
	27,94
	34,60
	34,24

	
	-0,315 +0,16
	39,43
	1,97
	12,55
	55,73
	11,66
	35,80
	35,00
	41,62
	40,79

	
	-0,16 +0,0
	27,95
	2,86
	18,75
	44,92
	10,07
	36,84
	37,06
	23,78
	24,97

	
	∑
	100,00
	
	100,00
	100,00
	100,00
	100,00

	No.2
	Initial 
	100,00
	2,27
	14,14
	52,80
	10,76
	100,00
	100,00
	100,00
	100,00

	
	-0,5 +0,315
	11,84
	1,56
	7,64
	61,26
	11,66
	8,14
	6,40
	13,74
	12,83

	
	-0,315 +0,16
	38,94
	1,79
	9,33
	60,42
	11,46
	30,71
	25,69
	44,56
	41,47

	
	-0,16 +0,0
	49,22
	2,82
	19,51
	44,73
	9,99
	61,15
	67,91
	41,7
	45,70

	
	∑
	100,00
	
	100,00
	100,00
	100,00
	100,00

	No.3
	Initial
	100,00
	2,44
	14,98
	52,94
	9,88
	100,00
	100,00
	100,00
	100,00

	
	-0,5 +0,315
	6,00
	1,91
	5,80
	68,88
	11,59
	4,70
	2,32
	7,81
	7,04

	
	-0,315 +0,16
	36,31
	1,86
	9,81
	61,78
	10,98
	27,68
	23,78
	43,27
	40,35

	
	-0,16 +0,0
	57,69
	2,86
	19,19
	45,72
	9,01
	67,62
	73,90
	49,82
	52,61

	
	∑
	100,00
	
	100,00
	100,00
	100,00
	100,00



Table 7 shows that in the product No. 1, settled in the first chamber of the separator, has a slight increase in the content of manganese in the size class od -0.16 + 0.0 mm. In the products of the second and third chambers, an increase in the extraction of manganese in the class of less than 0.16 mm is noticeable, up to 67.91% and 73.90%, respectively.
All products obtained as a result of air separation, as well as the feed materials of this operation, i.e. samples with a particle size of -0.5 + 0.0 mm and -1.0 + 0.5 mm, were submitted for study with dry magnetic separation.
High-level laboratory studies were carried out on РС-В 12/10-12.01 belt separator at different values of the magnetic field induction.
Table 8 shows the results of dry magnetic separation of the first chamber of the air separator.
Table 8 - Results of dry magnetic separation (DMS) of the air separation product (AS) with a size class of -0.5 +0.0 mm (Product No. 1)
	Induction, T
	Product 
	Yield, %
	Content, %
	Extraction, %

	
	
	
	Fe
	Mn
	SiO2
	Al2O3
	Fe
	Mn
	SiO2
	Al2O3

	0,5
	Initial
	100,00
	2,17
	14,14
	52,80
	11,27
	100,00
	100,00
	100,00
	100,00

	
	SF
	42,50
	3,32
	26,56
	34,62
	8,85
	65,02
	79,83
	27,87
	33,37

	
	NMF
	57,50
	1,32
	4,96
	66,23
	13,06
	34,98
	20,17
	72,13
	66,63

	
	TOTAL
	100,00
	
	
	
	
	100,00
	100,00
	100,00
	100,00

	0,7
	Initial
	100,00
	2,17
	14,14
	52,80
	11,27
	100,00
	100,00
	100,00
	100,00

	
	SF
	57,00
	3,06
	22,22
	41,16
	11,27
	80,38
	89,57
	44,43
	57,00

	
	NMF
	43,00
	0,99
	3,43
	68,24
	11,27
	19,62
	10,43
	55,57
	43,00

	
	TOTAL
	100,00
	
	
	
	
	100,00
	100,00
	100,00
	100,00

	1,2
	Initial
	100,00
	2,17
	14,14
	52,80
	11,27
	100,00
	100,00
	100,00
	100,00

	
	SF
	61,00
	2,95
	20,75
	40,83
	11,52
	82,93
	89,52
	47,17
	62,35

	
	NMF
	39,00
	0,95
	3,80
	71,53
	10,88
	17,07
	10,48
	52,83
	37,65

	
	TOTAL
	100,00
	
	
	
	
	100,00
	100,00
	100,00
	100,00



It can be seen from the data in Table 6 that with an increase in the intensity of the magnetic field from 0.5 T to 1.2 T, the yield of magnetic fractions increases from 42.5% to 61.0% and the extraction of manganese into it from 79.83% to 89.52 %, but the content of manganese decreases from 26.56% to 20.75%.
This tendency persists with dry magnetic separation of products from the second and third chambers of the air separator. 
The results of dry magnetic separation at an intensity of 0.5 T show that the use of air separation can increase the yield of magnetic fractions by 7.5% and increase the extraction of manganese into the magnetic fraction by 9.42%.
As a result of processing the research data, the dependences of the enrichment technological indicators on the intensity of the magnetic field were obtained for various products of air separation and feedstock.

3.3 Processing and analysis of research and selection of optimal process parameters

The results of the air classification showed that the manganese extraction in the -0.315 +0.0 mm classes increases from the first to the third chambers, that is, from 72.06% to 97.68%. 
These data confirm the results of earlier studies indicating a fine dissemination of manganese minerals in the stale tailings of the beneficiation plant and their lower hardness compared to quartz minerals. Therefore, in the process of grinding stale tailings, not only complete release of manganese minerals occurs but their overgrinding as well. This is confirmed by the fact that with air separation of tailings of -0.5 + 0.0 mm class, the output of -0.16 + 0.0 mm class into the products of the separator chambers increases along the chambers from 27.95% to 57.69% with an increase in the extraction of manganese from 37.06% to 73.90%.
The magnetic dry separation was carried out according to a simple one-stage scheme at various values of the magnetic field intensity: 0.5T; 0.7T; 1.2T.
As a result of enrichment by magnetic separation, the manganese concentrates with the following content were obtained from product No. 1 (size class -0.5 +0.0 mm):
- 26.56% at 42.50% yield and 79.83% manganese extraction at a magnetic field intensity of 0.5 T;
- 22.22% with a yield of 57.00% and extraction of 89.57% manganese at a magnetic field intensity of 0.7T;
- 20.75% at 61.00% yield and 88.93% manganese extraction at a magnetic field intensity of 1.2T.
These results show that as the intensity of the magnetic field decreases, the manganese content in the concentrate increases, while the product yield and the manganese extraction decrease. A similar pattern is observed during the enrichment of other chamber air separation products. 
The enrichment technological indicators were determined at a value of the magnetic field induction of 0.3 T by processing the study results on the tailings enrichment due to dry magnetic separation via interpolation.
When performing the dry magnetic separation of -0.5 + 0.0 mm class, the yield of manganese concentrate will be 30.70% with a manganese content of 36.20% at 78.26% extraction into concentrate.
When performing the dry magnetic separation of -1.0 + 0.5 mm class, the yield of manganese concentrate will be 23.60% with a manganese content of 30.00% at 63.00% extraction into concentrate. The results obtained show that the use of dry grinding of ZhBP tailings to a particle size of less than 1 mm with division into size classes of -1.0 + 0.5 mm and -0.5 + 0.0 via dry screening and their subsequent magnetic separation can obtain manganese concentrates of the required quality to obtain manganese alloys.
Analysis of the research results allows us to consider the following three possible options for the processing technology of stale manganiferous tailings of the Zhezdinskiy BP:
· dry grinding of tailings to a particle size of less than 1 mm with subsequent separation on a screen into two classes -0.5 + 0.0 mm and -1.0 + 0.5 mm, fed to air separation; the products are enriched with dry magnetic separation;
· dry grinding of tailings to a particle size of less than 1 mm with subsequent separation on a screen into two classes -0.5 + 0.0 mm and -1.0 + 0.5 mm, which are enriched with dry magnetic separation;
· dry grinding of tailings to a particle size of less than 1 mm with subsequent by enrichment of tailings, class -1.0 + 0.0 mm, by dry magnetic separation. 
Analysis of the study results on magnetic separation of products, obtained as a result of air separation, allows us to conclude that the use of air separation increases the yield by 3-4% and the extraction by 2-3%. This is a positive fact. The negative is that the use of the air separation operation in the enrichment scheme of manganiferous tailings can lead to the complication and rise in the cost of waste processing technology.
The following two enrichment technologies are the easiest to maintain and operate. With an appropriate selection of the operating mode of the grinding and screening unit, the third variant of the tailings enrichment technology is economically profitable.
The analysis of the high-level laboratory studies allows selecting the following scheme for processing stale manganiferous tails of ZhBP, shown in figure 5.



Figure 5 – Recommended scheme for processing stale manganiferous tailings 
of the Zhezdinskiy B 

4. Development of a detailed design for a pilot mobile plant to enrich the manganiferous tailings enrichment at the zhezdinskiy beneficiation plant

4.1 Market research of high tension electromagnetic separators for separation of manganiferous tailings

The technical specifications of magnetic separators manufactured in Russia, Ukraine and China are considered.
For the purpose of dry enrichment of weakly magnetic ores, electromagnetic roller separators of Voronezh Plant of mining equipment (Russia) are used most often. For example, from 2EVS-15-80 with a productivity of 1.6 t/h, a voltage of at least 3000 Oe and electric power of 3.1 kW to 4EVS-35/200 with a productivity of 5-7 t/h, a voltage of at least 17500 Oe and electric power not less than 6.4 kW [19].
Among many modern electromagnetic separators, Turkenich electromagnetic barrier separators are of particular interest with a capacity of 3-12 t / h; strength up to 12,000 Oersted and a total capacity of 8.0 kW, recommended for the beneficiation of mineral sands; manganese; garnet and other weakly magnetic ores [20].
The main disadvantages of electromagnetic separators are their large weight and high consumption of electrical energy.
More promising for the enrichment of man-made waste are separators in which the magnetic system is made of permanent magnets of a new generation Nd-Fe-B (neodymium-iron-boron), which provide high magnetic induction on the surface of a magnetic drum or roll.
Such separators include: dry magnetic separator Xinhai (PRC); drum-type magnetic separator UkrPROMMagnet (Ukraine); Turkenich roller magnetic separators on strong magnets (Ukraine); PBSTs design separators by Mekhanobr-Tekhnika; separators of SMBM -2-VP and SMVI-2 types by ERGA RPC (Russia) and others.
Separator PBSTs - 30/5 for dry beneficiation, designed by Mekhanobr –Technika RPC, is intended for enrichment of material with particle size of -6 + 0.1 mm. The separator is available with ferrobarite and NdFeB magnets, with a drum rotating at a constant speed or with a variable speed. The power consumption of the separator is 0.55 kW / h. [21].
Separators SMBM and SMVI are drum and roller separators manufactured by ERGA RPC (Russia) designed for enrichment of weakly magnetic ores and removal of paramagnetic contaminants from industrial minerals and are characterized by operational reliability and lack of energy consumption for magnetic field excitation [22].
Magnetic roller separator type RS-V manufactured by Prodecologia RPC (Ukraine) is designed for enrichment of weakly magnetic ores at enterprises of ferrous and non-ferrous metallurgy. The separator is equipped with a vibrating feeder, which ensures uniform material flow to the roller surface. At the request of the customer, it can be equipped with a control panel with a frequency converter for smooth regulation of the roller rotation speed.
Market research of magnetic separators with strong permanent magnets makes it possible to recommend drum magnetic separators of the SMBM or SMVI type produced by ERGA RPC for enrichment of manganese-containing stale tailings of the Zhezdinskiy BP.

4.2 Selecting the plant and equipment capacity

We conducted a search for information in technical reference materials, magazines and other sources about the availability of modular mobile enrichment plants, where magnetic separators would be used for dry enrichment of small and fine grades of mineral raw materials. No such information was found. Therefore, it was decided to develop a working draft of a pilot mobile plant equipped with a magnetic separator with a strong constant magnetic field.
Currently, research and production companies and associations from different countries are producing high-performance magnetic separators with strong magnetic fields. Among the previously considered separators, one can single out the magnetic separators of ERGA RPC (Russia).
For the purpose to enrich the stale tailings of the Zhezdinskiy BP, a magnetic separator SMBM 600x1000 with a capacity of 8-10 t / h and magnetic induction of 0.2-0.9 T was selected.
The magnetic separator equipped with a vibrating feeder is installed on a platform based on the ZIL-130 car trailer. At the bottom of the trailer frame, two belt conveyors are mounted for unloading separation products. The technical parameters of the installation and auxiliary equipment are determined during the implementation of the working project.

4.3 Development of the engineering layout of the experimental mobile installation

A magnetic separator SMBM 600x1000 designed by ERGA RPC was selected to create a design (draft) for an experimental mobile enrichment plant.
This is a drum magnetic separator with a capacity of up to 10 t / h and a magnetic induction on the drum surface from 0.2 to 0.9 T. The separator is designed to enrich materials with a size of 0-5 mm.
The magnetic separator is supplied complete with a rotary magnetic system, a speed converter, a gear motor, a control panel, and a vibrating material feeding system.
The GKB-817 trailer of ZIL-130 car was chosen as a transport device.
The trailer frame is welded from bent steel profiles. It consists of two spars connected with cross beams.
Figure 6 shows the installation of a magnetic separator on the trailer frame.
In order to install a magnetic separator 2 with a vibrating feeder 3, the spars 1 are reinforced with I-beams 5, connected by means of transverse beams. This allows not only to strengthen the structure, but also to ensure reliable fastening of belt feeders to them for unloading the products of concentration. Power is supplied by an inclined belt conveyor. Two short conveyor belts are fixed under the magnetic separator for the discharge of concentrate and magnetic separation waste.
Figure 7 shows a diagram of a chain of transport and processing equipment for the implementation of the developed technology of dry magnetic separation of stale manganiferous tailings of the Zhezdinskiy BP. The diagram shows: 1-technogenic raw materials; 2-loader; 3-bunker; 4-belt conveyor; 5-movable grinding and classification unit; 6-belt conveyor; 7-module hangar-dressing shop; 8-distribution conveyor; 9-stack of tailings, size -1.0 + 0.0 mm; 10-loader; 11-hopper with conveyor; 12-mobile magnetic enrichment plant; 13-belt conveyor; 14-unit for packaging and shipment of finished products; 15-belt conveyor; 16-belt conveyor for return of recycled tailings.
According to calculations [19,23-26], the design of an experimental mobile installation for dry magnetic separation of industrial waste containing weakly magnetic minerals has been developed. 
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Figure 6 – Installation of a magnetic separator on the trailer frame  



Figure 7 - Diagram of the transport and processing apparatus chain


4.4 Selection and calculation of auxiliary devices

4.4.1 Selection of receiving hopper

The type of receiving device and the method of feeding technogenic raw materials depends on the maximum size of the pieces; the content of clay and moisture in the raw materials; the productivity of the installation and the angle of inclination of the belt conveyor for feeding the material to the mobile processing plant.
Man-made raw materials in the form of stale tailings of the Zhezdinskiy BP have a maximum particle size of no more than 5 mm; the clay content is practically absent; and the humidity in summer does not exceed 4-5%.
A metal bunker was adopted to receive bulk tailings from the processing plant. The volume and dimensions of the hopper are determined based on the performance of the magnetic separator.
The productivity of the experimental mobile plant for the enrichment of manganiferous tailings is assumed to be 5-8 t/h.
According to the practical work of separators with strong magnetic fields for dry concentration of weakly magnetic ores, the possibility of increasing the specific productivity of separators from 4 to 6 t/h * m has been established [19].
The calculation of the separator performance is determined by the formula (1):

                                         ;  т/час,		                         	        (1)
where, 
m - a number of head rolls or rollers, pcs,
q - specific productivity per 1 meter of feed width, t / (h.m)
L - length of drum, roll, roller, m
For a separator with a roll length of 1 m and a specific productivity of 5 t / h   m, the feedstock capacity will be 4.5 t/h.
A pyramidal bunker was selected. The upper part of the square section is 1.5 × 1.5 m. The size of the outlet is 0.2 × 0.2 m.
The estimated volume of the receiving hopper is 2.15 cubic meters.
The overall dimensions are calculated in view of the installation of a vibrating feeder and an inclined belt conveyor under the hopper: height -1.8 m; width -1.7 m; length -1.9 m.
Based on the performed calculations, the developed assembly drawing of the receiving hopper is presented in Appendix E.

4.4.2 Source material feeder selection

Feeders designed for dosed supply of bulk material from under the hopper to the surface of the belt conveyor are considered.
For small bulk materials from under the hopper, the following feeders are suitable: oscillating (tray); belt and vibrating feeders.
Oscillating feeders are bulky and energy-consuming and are not suitable for a pilot mobile installation.
Belt feeders are designed for feeding small and medium-sized, low-abrasive materials with a particle size of less than 50 mm. The belt feeder is a short and low-speed belt conveyor with sidewalls. The disadvantage of the belt feeder is the difficulty of maintenance when installing it directly under the hopper.
Vibrating feeders with an electromagnetic drive are designed for metering small and lumpy materials. The vibrating feeder consists of a tray and an electromagnetic vibrator attached to it. The feeder is suspended on four spring suspension-shock absorbers directly under the hopper. The movement of material along the chute occurs under the action of inertial forces during the back stroke of the chute.
For unloading the receiving hopper and feeding small loose stale tailings of the factory to the belt conveyor, a vibrating feeder was adopted [19].
The performance of the electro-vibration feeder can be determined by the formula (2):

                                             т/час,		                                               	(2)

where, 
B -  the tray width, m;
h - the height of the material layer on the tray, m;
n - the number of tray vibrations per minute;
S - chute stroke (double vibration amplitude), m;
Ψ - coefficient of filling the tray with material (ψ = 0.6 ÷ 0.7);
γн - bulk material weight, t / m3.

At a given capacity, the selection of an electro-vibration feeder is carried out according to the width of the feeder tray (B), which is calculated according to the above formula (3).

                                                , м						(3)
According to the catalog, we find the values of h = 0.15 m, n = 3000 col/min, S = 0.01 m, Ψ = 0.7, γn = 1.55 t/m3. The calculation showed: the required value of the width of the vibrating feeder tray at a productivity of 5 t/h for the feedstock is: B = 0.17 m.
We find and accept the electro-vibration feeder PEV1-0.065 × 1.8 from Table III.3 [19].

4.4.3 Calculation of the belt conveyor for feeding material to plant

An inclined belt conveyor is selected to supply bulk material to an experimental mobile processing plant. The choice of the type of belt conveyor, as well as the establishment of parameters and design of critical elements of the transport device (belt speed, belt design, distance between roller supports, etc.) is significantly influenced by the bulk weight, size and moisture content of the transported material.
Based on the results of sampling and physical and technical tests of samples of stale manganiferous tailings, the value of the bulk weight of dry tailings was determined, equal to 1.4 t / m3 at a natural moisture content of 9.33%.
The performance of the belt conveyor is determined by the formula (4):

 , т/час		             	(4)

where F - the cross-sectional area of the material on the tape, m2;
v - the speed of the belt, m / s;
γ - bulk weight of bulk material, t / m3

The value of the limiting angle of inclination of the belt conveyor for fine bulk material is 20 degrees.
We select a standard belt conveyor with a belt width of 400 mm and a drum length of 500 mm. Belted tape with double-sided rubber lining.
The calculation of the conveyor length is determined by the formula (5):

                                                      , м					    	(5)

where h - the height of the material supply to the installation (plant), m;
β - angle of inclination of the belt conveyor, deg.
The width and length of the conveyor belt were determined by the formula (6):
                          + 75 , м;         , м	 		              (6)

where h - the height of the material supply to the installation, m;
β - angle of inclination of the belt conveyor, deg.
The minimum power of the conveyor motor was determined by the formula (7):

                           , кВт					(7)

where k1, k2, k3, k4, kγ - coefficients that take into account: engine power reserve, conveyor length, conveyor bend, operating conditions and conveyor belt angle.
Based on the calculations, the following are accepted: conveyor width - 400 mm, conveyor length - 15 m, power - not less than 0.2 kW.

4.5 Development of an assembly drawing for installing a separator on a platform

4.5.1 Selecting a platform for a magnetic separator

In order to ensure the mobility of the beneficiation plant with a magnetic separator, a ZIS-150 vehicle trailer was selected on which the previously selected magnetic separator is mounted. It was necessary to strengthen the construction of the metal frame of the trailer to mount the separator.
In view of the need to ensure free unloading of the products of magnetic separation, it is proposed to increase the height of the trailer frame by means of a frame structure platform made of channel bars of profile No. 20. The shape of the platform is selected in view of the shape of the lower part of the magnetic separator structure. Installation dimensions for mounting the separator on the platform can be specified after purchase.
The height of the metal frame of the trailer and the additional platform should ensure the installation of unloading bins for separation products and place belt or electro-vibration feeders under them for unloading magnetic and non-magnetic fractions.
In order to ensure unhindered unloading of the separator enrichment products, it was decided to mount an additional metal frame platform on the trailer frame.
The calculation of the frame structures was made in view of the dimensions of the lower part of the magnetic separator.
The platform is made of channel # 20. Dimensions:
2350x1450x200 mm. The structure is welded.
The size of a part of the platform frame for the magnetic separator: 1459x1100 mm, and for the swinging feeder frame: 1450x1000 mm.
The dimensions of the unloading bins for separation products have been determined.
The installation dimensions for the bolt holes to mount the platform on the trailer frame and the magnetic separator on the platform will be determined after purchasing the magnetic separator.
A working drawing of a platform for a magnetic separator SMBM 600x1000 was completed. After the channel profile selection to manufacture the platform, drawings were made for assembling and installing the platform on the metal frame of a car trailer.
The platform installation on the trailer frame made it possible to install unloading bins under this structure for unloading magnetic separation products. This raised the trailer floor height by 200 mm.
Working drawings of the platform and additional frame were made. The dimensions of the construction details are determined. The completed drawings are presented in Appendix E.

4.5.2 Development of an assembly drawing for installing a separator on a platform

In view of the dimensions of the additional platform, an assembly drawing was developed for installing a magnetic separator on the platform of the ZIS-150 car trailer. A drawing of the installation of a magnetic separator on the car trailer platform is presented in Appendix E.
Drawings of parts are completed. The overall dimensions of an experimental mobile installation for magnetic enrichment of weakly magnetic manganese ores and stale manganese-containing tailings of the enrichment plant have been determined.

4.6 Development of drawings for feed loading and separation products unloading units

Design of the device and the attachment of the upper part of the inclined belt conveyor and the casing to it, providing the supply of fine bulk material to the surface of the feeder of the magnetic separator, have been developed.
Installation and fastening of the belt conveyor frame to the car frame is carried out on a special stand. The stand should be made of steel parts of 50 × 50 mm. The stand dimensions will be determined after purchasing the magnetic separator.
Above the upper drum of the belt conveyor, it is planned to install a casing made of steel sheets with a thickness of 5 ÷ 6 mm with a device in the upper part of the branch pipe for connection to the dust collection system pipe.
Since the initial material is dry tailings of the concentrating plant crushed to a size of less than 1 mm, a dust collection system is provided.
Completed assembly and detailed drawings of the casing over the leading drum of the belt conveyor.
In order to receive the products of magnetic separation, a device has been developed, which consists of two bunkers connected and welded on a steel sheet. The hoppers of the device are lowered into the opening of a metal platform above which a magnetic separator is installed and bolted. The drawings of the device are presented in Appendix E. 
An assembly drawing of a device for unloading magnetic and non-magnetic products from the separator has been developed.
The hoppers are made of 5 mm thick sheet steel and are connected to 8 mm steel sheet by means of manual electric welding.
The calculated and completed assembly and working drawings of the device parts are presented in Appendix E.

4.7 Development of installation casing drawings 

In order to ensure the transportation and storage of the installation, as well as its operation in adverse conditions, it is planned to manufacture and install a body on a car trailer.
The developed assembly drawing of the installation body is presented in Annex D on pages 108-109. The body frame is made of steel profiles. The structure is welded. Overall dimensions are 2600x4800x2300 mm.
The frame is covered with a metal or fiberglass sandwich outside. There are two doors, sliding windows and an opening for installing the head of the inclined belt conveyor.  

4.8 Marketing research on the sale of manganiferous tailings processing products 

As a result of the research, a technology for dry magnetic enrichment of stale manganiferous tailings at the Zhezdinskiy BP was developed by introducing dry regrinding of tailings into the technology in order to ensure full release of manganese minerals with subsequent processing in a separator with a strong magnetic field.
The developed technology makes it possible to obtain a manganese concentrate with a manganese content from 30.0 to 36.2% with the values of the magnetic field induction in the range of 0.3 - 0.4 T, with the extraction of manganese in the range of 73.2 - 63.0%. The yield of manganese concentrate is in the range of 23.60 - 30.70%.
However, the sale of fine manganese concentrate without the use of an additional agglomeration operation is not possible. Briquetting is the most economically profitable process for agglomeration of manganese concentrate [27].
In order to develop an efficient technology for briquetting manganese concentrates of the Zhezdinskiy BP, the studies were carried out at the Russian Manganese JSC [28].
As a result of the study, a technology for the production of briquettes and manganese fluxes from fine-grained manganese concentrates was developed. Carbon-containing materials and liquid glass were used as a binder. With a manganese content of 30%, briquettes with high drop strength and a temperature of destruction with continuous heating of 1240 degrees were obtained.
The technical and economic assessment of the developed technology showed that the organization of a site for the production of briquettes from manganese concentrates from the Zhezdinsky deposit is cost-effective.
Calculation of the production cost for briquettes showed that when organizing a site for the production of 60,000 tons of briquettes per year, capital investments will pay off in 7.5 months.
Today the demand for manganese concentrates is quite high.
Consumers of manganese concentrates obtained from stale manganiferous tailings of the Zhezdinsky BP can be:
in Kazakhstan:
Aksu Ferroalloy Plant;
Aktobe Ferroalloy Plant;
Taraz Metallurgical Plant;
in Russia:
Chelyabinsk Electrometallurgical Plant JSC (Chelyabinsk);
Kosogorsk Metallurgical Plant JSC (Tula);
Satka Iron-Smelting Plant JSC (Satka).

CONCLUSION

Brief conclusions on the R&D outcomes for 2018-2020 on Development of processing technology for HWM of manganiferous tailings at the Zhezdinskiy BP Project.
In 2018, during the implementation of research work on the project, the following main results were obtained.
1.The analysis of reference materials and reports, in particular the reports of the Beijing General Scientific Research Institute for Mining and Metallurgy (BGRIMM, 2005), laboratories of Kazmekhanobr-Technogen RPC (2000), Qinyu JSC, Lashankou, PRC (2005), Mekhanobr-Nedra RPC LLP (2009), Center geological survey LLP (2009);
2. The Terms of Reference and the procedure for taking a representative sample for technological research have been developed. The selection was made from 10 locations using the pits method (pits 0.9 × 0.9 m, depth 1.0 m);
3. The sample chemical composition from the tailings of the Zhezdinskiy BP was studied. The outcomes showed that the samples contained: Fe-3.04%; Mn 10.89%; Al2O3 - 8.38%; SiO2 -56.95%;
4. The sample material composition was investigated. The diffractogram contained the main lines related to the minerals of trivalent manganese and manganese silicates: brownite Mn2O3·(d/n: А˚2.72; 2.59), as well as feldspar K [AlSi3O8] - Na [AlSi3O8] - Ca [ АlSi2O8] (d/n: А˚3.24), quartz SiО2 (d/n: А˚4.27; 3.35; 1.82; 1.54), mica (d/n: А˚5, 00). Due to the low iron content (Fe-3.04%) in the tailings, the peaks of iron-containing minerals in the diffraction pattern could not be detected;
5. Granulometric analysis of tailings was carried out. The distribution of manganese by size class was as follows: 13.86% (+ 2.0mm), 9.02% (-2.0 + 1.0mm), 8.31% (-1.0 + 0.5mm), 8, 36% (-0.5 + 0.315mm), 7.41% (-0.315 + 0.16mm), 13.82% (-0.16 + 0.071), 31.84% (-0.071 + 0mm);
6. Dry magnetic enrichments of the ZhBP tails was carried out on a roller magnetic separator at a magnetic field intensity of 7000 Oe with cleaning of the non-magnetic fraction at 11000 Oe. The results of dry magnetic separation showed that the total yield of the magnetic fraction was 52.23%. A manganese product was obtained with a content of 18.60%. The extraction of manganese into the beneficiation product was 89.21%. The content (extraction) of other components was as follows: Fe-3.20% (54.91%); SiO2 - 42.25% (38.75%); Al2O3-7.83% (48.80%). Manganese in the fortified product increased 1.71 times.
The non-magnetic fraction was represented mainly by feldspar K [AlSi3O8] - Na [AlSi3O8] - Ca [AlSi2O8] (d/n: A˚3.80; 3.49; 2.99; 2.91; 2.58) and quartz SiO2 (d/n: А˚4.27; 3.36; 2.46; 2.29; 2.24; 1.98; 1.81; 1.67; 1.54).  
7. The analysis of the research outcomes according to the scheme of combined, dry and wet strong magnetic separation is given:
a) to obtain a concentrate with a manganese content of 34%. Fine grinding up to 45% grade -0.074 mm. Magnetic field strength - 1.2 * 103 kA / m.
b) to obtain a concentrate with a manganese content of 38%. Fine grinding up to 45% grade -0.074 mm. Magnetic field strength - 0.68 * 103 kA / m.
When using the scheme with grinding plus strong magnetic separation, conditioned concentrates are obtained.
In a combined scheme with dry separation in the first stage of enrichment and wet strong magnetic separation after grinding in the second stage, a concentrate with a manganese content of 34.45% was obtained with an extraction of 82.35% manganese.
The results of studies on the processing of manganiferous tailings of the Zhezdinskiy BP by the method of dry magnetic separation show the possibility of obtaining a concentrate with a content of 30-45% manganese.
In view of the requirements for manganese concentrates, imposed by the technical conditions of metallurgical plants, the most optimal manganese content in the concentrate for smelting silicomanganese is the manganese content in the range of 30-31%.
At the same time, the concentrate yield will be 18-20%, which will make it possible to economically process stale manganiferous wastes from the Zhezdinskiy BP.
In 2019, during the implementation of research work on the project, the following main results were obtained:
1. A technological scheme and a methodology for conducting high-level laboratory studies for the enrichment of stale manganiferous tailings have been developed. High-level laboratory studies have been carried out.
2. As a result of dry grinding of the tailings to a particle size of less than 1 mm and subsequent sieving on a screen at a size of 0.5 mm, two products of the class -0.5 + 0.0 mm and -1.0 + 0.5 mm were obtained. The small class yield was 70.00%. These products were sent to the air separation operation.
3. Designed and manufactured horizontal three-chamber air separator. Calculations of the free fall velocities of mineral particles of various sizes and densities in air have been made. The horizontal air flow rates required for the separation of minerals according to the principle of equal falling inside the air separator have been calculated.
4. The results of granulometric and chemical analysis of air separation products showed that the bulk of manganese is concentrated in the class of -0.315 + 0.00 mm. The extraction of manganese in the -0.315 mm class increases from the first to the third chamber of the separator from 72.60% to 97.68%. It has been established that in the process of dry grinding, not only complete disclosure of manganese minerals occurs but their over grinding occurs as well. This is confirmed by the fact that the yield of the -0.16 + 0.00 mm class into the products along the course of the separator chambers increases from 27.95% to 57.9% with an increase in the manganese extraction in them from 37.06% to 73.90%.
5. In experiments on magnetic separation of chamber products of an air separator at a magnetic induction of 0.5 T, a manganese concentrate with a content of 26.56% manganese was obtained with an output of 42.56% and an extraction of 79.83% of manganese. The tendency of an increase in the manganese content in the concentrate with a decrease in the magnetic induction of the magnetic field has been determined.
By processing the results of studies on enrichment of tailings by dry magnetic separation via interpolation, the technological indicators of enrichment were determined at a magnetic induction value of 0.3 T.
With dry magnetic separation of -0.5 + 0.0 mm class, the yield of manganese concentrate will be 30.70% with a manganese content of 36.20% at 78.26% release into concentrate.
With dry magnetic separation of -1.0 + 0.5 mm class, the yield of manganese concentrate will be 23.60% with a manganese content of 30.00% at 63.00% release into concentrate.
6. Analysis of the research outcomes on magnetic separation of products obtained as a result of air separation allows us to conclude that the use of air separation increases the yield by 3-4% and the recovery by 2-3%. This is a positive fact. The negative thing is that the use of air separation in the enrichment scheme for manganiferous tailings can lead to the complication and rise in the cost of waste processing technology.
Therefore, in order to process the stale tailings of the Zhezdinsky BP, it is recommended to use the most simple-to-maintain and operate enrichment technology, including the operation of dry grinding of the tailings to a particle size of less than 1 mm, followed by magnetic separation in a magnetic field with an induction of 0.3 T. 
7. We studied the market of magnetic separators with a high intensity of the magnetic field for the enrichment of stale manganiferous tailings of the Zhezdinskiy BP. Market analysis of magnetic separators with strong permanent magnets makes it possible to recommend roller magnetic separators of the SMBM type produced by ERGA RPC for enrichment of manganiferous stale tailings of the Zhezdinskiy BP.
8. Involvement in the processing of such industrial waste is economically justified only when using modular mobile processing plants or factories. Therefore, it was decided to develop a working draft of a pilot mobile plant equipped with a magnetic separator with a strong constant magnetic field.
9. The engineering layout of the SMBM 600x1000 magnetic separator placement on the frame of the ZIL-130 car trailer and the scheme of the enrichment apparatus chain have been developed for the implementation of the developed technology for enrichment of stale tailings of the Zhezdinskiy BP.
In 2020, during the implementation of research work on the project, the following main results were obtained.
1. The selection and calculation of auxiliary devices was carried out:
- receiving hopper,
- initial material feeder,
- belt conveyor for supplying material to the installation.
2. The necessary technical documentation has been developed for the technical design of a pilot mobile plant for dry beneficiation of fine bulk materials containing weakly magnetic minerals in a strong magnetic field.
3. Based on the calculations performed, an assembly drawing of an experimental mobile magnetic enrichment plant and drawings of auxiliary devices necessary for the operation of the installation were developed.
[bookmark: _GoBack]4. We conducted marketing research on the sale of products of dry magnetic processing of manganiferous tailings at Beneficiation Plant. 
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Work schedules for 2018-2020

As per the Contract No. 172 dated March 15, 2018

1. Kazakhstan National Academy of Natural Sciences RPA

1.1 By priority: 1 "Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures";
1.2 By sub-priority: 1.15 Systems for beneficiation, complex extraction, processing of natural and technogenic ore raw materials;
1.3 On Project: IRN AP05136152 "Development of technology for processing HMW manganiferous tailings of the Zhezdinskiy BP";
1.4 Total amount of the Project - KZT 48 320 000 (forty eight million three hundred and twenty thousand) including a breakdown by years to perform the work in accordance with clause 3:
- for 2018 - in the amount of KZT 16 000 000 (sixteen million);
- for 2019 - in the amount of KZT 16 144 000 (sixteen million one hundred and forty-four thousand);
- for 2020 - in the amount of KZT 16 17 000 (sixteen million one hundred and seventy six thousand).

2. Specifications of scientific and technical products by qualification features and economic indicators

2.1 Work area: development of technology for processing HMW Направление работы tailings.
2.2 Scope of application: mining and processing industry.
2.3 Deliverables:
- for 2018: a rational technology for the processing of manganiferous tailings will be selected;
- for 2019: the performance of the experimental mobile unit will be selected and its engineering layout will be developed. One article will be published in a domestic scientific journal with a nonzero impact factor and one article - in a foreign peer-reviewed journal with a nonzero impact factor. An application for a patent will be submitted to the National Institute of Intellectual Property under the Ministry of Justice of the Republic of Kazakhstan.
- for 2020: auxiliary devices will be selected and calculated, and assembly and working drawings of individual units will be developed. Two articles will be published in the peer-reviewed foreign journal Scopus or Web of Science.
2.4 Patentability: The intended results are patentable.
2.5 Scientific and technical level (novelty): processing of stale manganiferous tailings of concentration plants using dry magnetic separation in order to obtain high-quality manganese concentrate.
2.6 The use of scientific and technical products is carried out: by mining and processing enterprises and subsoil users of Kazakhstan.
2.7 Type of using scientific and (or) scientific and technical activities outcomes: the research outcomes can be used to create an industrial plant for the processing of waste from manganese production of concentrating factories.

3. Works, terms of their implementation and outcomes

	Task code, stage
	Work, main stages of its implementation
	Deadlines
	Expected outcomes

	
	
	Beginning  
	End
	

	1.
	Study of the mineralogical and material composition of the BP stale tailings
	January
2018  
	July
2018
	The mineralogical and material composition of the BP stale tailings will be determined and studied

	1.1
	Study and analysis of previously conducted research on the development of a technology for the enrichment of this type of technogenic raw materials
	January
2018
	April
2018
	Previous studies on the development of a technology for enrichment of this type of technogenic raw materials will be studied and analyzed.
Literary sources and reports will be analyzed

	1.2
	Selection of representative samples from the BP technogenic deposit
	May
2018
	June
2018
	Representative samples will be taken from the BP field (Zhezdy settlement)

	1.3
	Mineralogical and material analysis
	July
2018

	July
2018
	Mineralogical and material analysis will be carried out.The mineralogical and material composition of the BP stale tailings will be determined

	2.
	Study of the manganiferous tailings enrichment and selection of the optimal technology for their processing
	August 2018
	Untill November 1, 2018
	The enrichment of manganiferous tailings will be investigated and the optimal technology for their processing will be selected.
Research will be carried out to identify the enrichment of Zhezdinskiy BP tailings and the optimal technology for their processing will be selected

	2.1
	Carrying out studies of tailings enrichment using magnetic and combined separation schemes
	August
2018
	September
2018
	Research will be carried out on tailings enrichment using magnetic and combined separation schemes.
Investigations of the selected samples of stale BP tailings will be carried out using magnetic and combined separation schemes

	2.2
	Substantiation of the optimal quality of products for processing HMW manganese tailings
	September
2018
	September
2018
	Optimal quality of products for processing HMW manganese tailings will be substantiated

	2.3
	Analysis of research outcomes and selection of rational technology for processing manganiferous tailings
	October
2018
	Until November 1, 2018
	The results of research will be analyzed and a rational technology for processing manganiferous tailings of the concentrating plant will be selected

	3.
	High-level laboratory studies of beneficiation according to the recommended technology
	January
2019
	July
2019
	High-level laboratory studies will be carried out using the recommended technology

	3.1
	Development of a methodology for conducting high-level laboratory research
	January
2019
	March
2019
	A methodology for conducting high-level laboratory research will be developed

	3.2
	High-level laboratory research
	April
2019
	June
2019
	High-level laboratory studies will be carried out.
Optimal parameters of the processing will be determined and selected

	3.3
	Processing and analysis of research outcomes and selection of optimal process parameters
	July
2019
	July
2019
	Research results will be processed and analyzed.
Optimal process parameters will be selected

	4.
	Development of a detailed design of a pilot mobile plant for enrichment of manganiferous tailings of the Zhezdinskiy BP
	August
2019
	Untill November 1, 2019
	A detailed design of a pilot mobile unit for enrichment of manganiferous tailings at Zhezdinskiy BP will be developed.
The capacity of the experimental mobile unit will be selected and its engineering layout will be developed

	4.1
	Market research of high tension electromagnetic separators for separation of manganiferous tailings
	August
2019
	September
2019
	The market of high tension electromagnetic separators for separation of manganiferous tailings will be studied

	4.2
	Selection of plant performance and equipment
	September
2019
	September
2019
	Plant capacity and equipment will be selected

	4.3
	Development of the engineering layout of the experimental mobile unit
	October
2019
	Untill November 1, 2019
	The engineering layout of the experimental mobile unit will be developed. One article will be published in a domestic scientific journal with a nonzero impact factor and one article in a foreign peer-reviewed journal with a nonzero impact factor. An application for a patent will be submitted to the National Institute of Intellectual Property under the Ministry of Justice of the Republic of Kazakhstan

	4.4
	Selection and calculation of auxiliary devices
	January
2020
	March
2020
	Auxiliaries will be selected and calculated

	4.5
	Development of an assembly drawing for installing a separator on a platform
	April
2020
	June
2020
	An assembly drawing will be developed for installing the separator on the platform. Assembly and working drawings will be developed

	4.6
	Development of drawings for feed loading and separation products unloading units
	July
2020
	September
2020
	Drawings of feed loading and separation products unloading nodes will be developed

	4.7
	Development of drawings for the plant casing 
	October
2020
	October
2020
	Plant casing drawings will be developed. Two articles will be published in a peer-reviewed foreign Scopus or Web of Science journals. 

	4.8
	Marketing research on the sale of the HMW processing products of manganiferous tailings
	October
2020
	Untill November 1, 2020
	Marketing research will be carried out on the sale of processing products of HMW manganiferous tailings



	From customer: 
Chairman of the State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"

______________ А.Zharkenov 
Stamp
	
	From the Contracto :
 
Chief Scientific Secretary
KazNANS RPA "

_____________ A. Zeynullyn 
Stamp 

Acquainted:
Scientific supervisor of the project
___________ А. Mustakhimov

(signature)
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Decision on approval of the report at 
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APPENDIX D

Reprints of published articles for 2020 
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APPENDIX E
Technical documentation for the project of a pilot mobile magnetic enrichment 
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Documents confirming the performers' qualification 
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Registration and information cards 
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Abstract

Purpose. Development of the rational technology for processing manganese-bearing tailings of the Zhezdinsky concentrating
mill in the Republic of Kazakhstan aimed to obtaining manganese concentrate for smelting the silicomanganese.

Methods. An integrated methodology of research is used in the work, which includes an analysis of modern scientific de-
velopments and the experience of their use by mining-and-metallurgical enterprises. Experimental study of the tailings ma-
terial composition has been made. A research scheme has been drawn up, including dry re-grinding of the mature tailings
from concentrating mill with subsequent air classification, the products of which are beneficiated by means of dry magnetic
separation in a separator with a constant strong magnetic field. Granulometric and fractional compositions of the feedstock
and separation products have been studied.

Findings. Based on the granulometric and fractional composition analysis of the Zhezdinsky concentrating mill mature
tailings, it has been determined that the manganese minerals contained in them are very finely disseminated and belong to
casily beneficiated materials. For a more complete recovery of manganese into the concentrate, dry re-grinding and air clas-
sification techniques have been included in the beneficiation scheme, Scaled-up laboratory research on tailings beneficiation
has been conducted under the scheme: dry grinding to a grain-size of less than 1 mm, screening with division into classes of
0.5-1.0 mm and 0.0-0.5 mm, and then air classification. Air classification products are beneficiated using dry magnetic sepa-
ration. It has been revealed that the use of air classification during the magnetic field induction of 0.5 T allows to increase
the magnetic fractions yield by 7.5% and the manganese recovery by 9.42%. Analysis of the magnetic separation results of
fine classes indicates the possibility of obtaining manganese concentrate with the required quality even without using the air

classification. This greatly simplifies the beneficiation scheme for mature manganese-bearing tailings at the Zhezdinsky
concentrating mill.

Originality. It has been determined that dry re-grinding of the concentrating mill mature tailings to a grain-size of less than
1 mm, followed by air classification, makes it possible to fully disclose the manganese minerals. With subsequent dry mag-
netic separation this leads to an increase in the magnetic fraction yield and in the manganese recovery.

Practical implications. The optimal technology development enables obtaining manganese concentrate with the required
quality for the subsequent production of ferroman, ganese or silicomanganese during metallurgical treatment.

Keywords: tailings, granulometric composition, grinding, separation

1. Introduction national markets of not only the metals themselves, but also
the competifive metal products [2]-[4].
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deposits are located far from the existing metallurgical cen-
tres of the republic, namely, in arid regions where there are
restrictions on water consumption, which complicates the
application of traditional processing methods [91-[11].

One of the additional sources to replenish the raw materi-
als base at the existing enterprises is technogenic waste ac-
cumulated in special dumps or tailings for many years of
large enterprises functioning [12]-[15]. In recent years, much
attention has been paid to the involvement of technogenic
wastes or technogenic mineral raw materials in processing in
order to provide a raw material base at existing enterprises,
thereby ensuring environmental safety [16]-[18].

Currently, there is a steady demand for manganese prod-
ucts. This is conditioned by the growth of the steel and met-
allurgical industries. At the same time, there is a shortage of
manganese raw materials at the metallurgical enterprises of
Kazakhstan and Russia, a shortage of manganese concen-
trates also affects the CIS countries, China, and others. Man-
ganese is the most widespread alloying element. About 95%
of it is produced in the form of ferroalloys and is used in
steel melting. Under the shortage of high-quality Tump raw
materials for the stable ferroalloy plants operation, the avail-
ability of their reliable raw material base is becoming para-
mount. When solving this issue, it becomes particularly rele-
vant to involve in production of manganese ore fines, which
is off-grade in fractional composition and formed at the stage
of mining, transportation and beneficiation [19]-[21].

Today, the Kazakhstani producers are active suppliers of
manganese concentrates to Russia. The reserves of rich oxi-
dized manganese ores are depleted, and the extraction and
beneficiation of refractory oxide-type ores on an industrial
scale in the Republic of Kazakhstan have not yet been suffi-
ciently developed. Under these conditions, special waste
dumps (tailings) of concentrating mills, which have been de-
veloped over decades, can serve as a source of high-quality
manganese concentrate, which after lumping can be used in
steel production both domestically and as an export item [22].

One of the largest technogenic deposits in the Republic
of Kazakhstan is the tailing dump of the Zhezdinsky
concentrating mill, located in the Ulytau District of Kara-
ganda region. Study of the material composition of mature
manganese-bearing tailings has revealed that manganese
minerals are represented by braunite, psilomelane, less
commonly manganese black and coronardite. Non-metallic
minerals are represented by quartz and feldspathic rocks.
Non-metallic minerals are 65-70% in free grains with a
grain-size of +0.016-1.5mm with a predominant size
+0.5-1.5 mm [23].

Based on the analysis results of the previous research on
the material composition and technological tests for the
ability of the manganese-bearing tailings to beneficiation, it
has been determined that the manganese minerals contained
in the tailings are finely disseminated [24]. To increase the
recovery of manganese into manganese concentrate, a more
complete disclosure of the manganese minerals aggregates
is necessary, which can be achieved by re-grinding. There-
fore, the task set is to develop a beneficiation scheme, in-
cluding the technique of dry re-grinding to grain-size of
less than 1 mm, followed by air classification, the products
of which are beneficiated by dry magnetic separation. In
addition, the method of scaled-up laboratory research
should be applied.
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2. Materials and methods of research

The research material is manganese-bearing tailings of
the Zhezdinsky concentrating mill. An integrated methodo-
logy of research has been implemented in the work, includ-
ing an analysis of existing scientific developments and the
experience of their use at mining-and-metallurgical enter-
prises. In addition, experimental study of granulometric and
chemical analysis of the mature manganese-bearing tailings
has been conducted. Scaled-up laboratory research has been
performed on mature tailings beneficiation at the Zhezdinsky
concentrating mill by the method of dry magnetic separation.

The results of rescarch conducted by the authors in the
works [23]-[24], made it possible to study the material com-
position of the mature manganese-bearing tailings of the
Zhezdinsky concentrating mill and to determine the catego-
ries of the beneficiation ability of the studied technogenic
raw materials. The mature manganese-bearing tailings of the
Zhezdinsky concentrating mill have a grain-size of less than
5mm. The yield of a class with a grain-size of less than
1 mm is more than 90%. In this class, from 85 to 91% of
manganese is concentrated, while the highest manganese
content is observed in the class of -0.071+0 mm, which is
equal to 31.84%. This evidences that the mature tailings of
the concentrating mill contain finely disseminated manga-
nese minerals. For a sufficiently efficient recovery of man-
ganese from mature tailings, a complete disclosure of man-
ganese minerals is necessary by including dry grinding tech-
nique into the beneficiation scheme.

The mature manganese-bearing tailings of the Zhezdin-
sky concentrating mill belong to gravitationally easily bene-
ficiated materials. This is confirmed by fractional analysis
results that indicate a high recovery of manganese into the
heavy fraction, which amounted to 96% with a manganese
content of 30%.

The main metal-containing minerals have densities, at an
average, in the range of 4.5+5.0 g/em?, while non-metallic
rock-forming minerals, such as feldspathic rocks, quartz,
kaolinite, dolomite rock and others, have densities in the
range of 2.6+2.9 g/em®. In order to verify and use the easy
beneficiation property of tailings, it is proposed to include an
air classification technique into the beneficiation scheme.

Manganese and other ore minerals contained in the stu-
died tailings are weakly magnetic and can be effectively
recovered from the tailings by dry magnetic separation into
manganese concentrate [25]-[27].

Based on the analysis results of the research conducted by
the authors of the works [28]-[32], using the dry magnetic
separation technique to beneficiate the natural and technogen-
ic materials and with account of the easy gravitational benefi-
ciation ability, and for necessity of a more complete aggre-
gates disclosure of manganese-bearing minerals, the follow-
ing research scheme is proposed, presented in Figure 1.

Manganese-bearing  tailings with a grain-size of
-5.0+0.0 mm are exposed to fine dry grinding to a grain-size
class of -1.0+0.0 mm. This is followed by the screening
technique, where they are divided into classes of -1.0+0.5
mm and -0.5+0.0 mm. The products of screening are sup-
plied to the air classification technique, where the separation
of minerals takes place at the velocities of equal fall. Cham-
ber products of air classification are fed to a dry magnetic
separation to obtain manganese concentrate and tailings [24].
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Figure 1. Scheme of scaled-up laboratory research on the beneficiation ability of manganese-bearing tailings of the Zhezdinsky concen-

trating mill

Use of dry grinding will make possible a more complete
disclosure of manganese-bearing minerals aggregates, and air
classification is the technique of preliminary concentration of
minerals in the product, which are fed to dry magnetic sepa-
ration. It is assumed that this will extract most of the non-
magnetic particles before using dry magnetic separation and
to reduce the load on the magnetic separation technique. Tt is
possible to expect an increase in recovery of manganese into
the concentrate arid in its output.

Preparation of manganese-bearing tailings for research:
averaging, quartering, sampling for analyses and conducting
the research itself, as well as conducting chemical, phase and
fractional analyses, performed in the branch laboratories of
the Zh. Abishev Chemical-Metallurgical Institute of the

republican state enterprise “National Centre on Complex
Processing of Mineral Raw Materials of the Republic of
Kazakhstan”.

3. Results and discussion

The results of dry screening, when grinded to a particle
size of less than 1 mm, have shown that the yield of a class
with a grain-size of -0.5+0.0 mm is more than 70%, in which
72.53% of manganese is concentrated. The obtained samples
after dry screening of 1.0+0.5 mm grain-size class and of
-0.5+0.0 mm grain-size class with a Mn content of 9.19%
and 10.36%, respectively, are supplied to air classification in
a horizontal air separator (Table 1).

Table 1. Dry screening results

L T Content, % Recovery, %

Initial sample ~ Yield, % = Na 5or = v 50
-1.0+0.0 100.0 2.41 10.01 55.60 100.0 100.0 100.0
-1.0+0.5 29.92 2.55 9.19 47.63 31.66 2747 25.63
-0.5+0.0 70.08 235 10.36 59.00 68.34 72.53 74.37

Total 100.0 2.41 10.01 55.60 100.0 100.0 100.0

To select the air flow velocity, necessary for horizontal
movement and settling of mineral particles with different
specific gravities and sizes, the final velocities have been
calculated of the particles fall of ore and non-metallic miner-
als in the air medium [24].

Through the transparent walls of the separator, the pro-
cess of moving and settling particles into the receiving
chambers of the separator is monitored. The precipitated
portions of the samples are extracted from three receiving
chambers. The weights and volumes of the products obtained
are being determined. The separation products are supplied
for granulometric and chemical analyses.

When conducting the granulometric analysis of air
classification products, the class of -0.5+0.0 mm has been
scattered into the following classes: -0.5+0.315 mm,
-0.315+0.16 mm and -0.16+0.0 mm.
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Granulometric analysis results of air classification prod-
ucts are presented in Table 2.

The data in Table 2 show that in the product No. 1, set-
tled in the first chamber of the separator, there is a slight
increase in the manganese content in the grain-size class of
-0.16+0.0 mm. In the products of the second and third cham-
bers, there is a significant increase in manganese recovery
in the class of less than 0.16 mm to 67.91% and 73.90%,
respectively.

When comparing the data in Tables 1 and 2, it can be
seen that air classification is the technique of preliminary
concentration of manganese minerals into the products sup-
plied for the beneficiation into the magnetic separator. The
manganese content in products 1, 2 and 3 is higher than in
the source material by more than 3%.
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Table 2. Granulometric composition of air classification products of -0.5+0.0 mm grain-size class

) Content, % Recovery, %

Podit Chsmm, Yield % — Mn S0 ALO: Fe Mn Si0:  ALO;
Tnitial 10000 217 1414 5280 1127 10000 10000 10000  100.00
0540315 3262 182 1211 5601 1183 2736 2794 3460 3424

No.l -03154016 3943 197 1255 5573 1166 3580 3500 4162 409
016400 2795 286 1875 4492 1007 3684 3706 2378 2497

100.00 10000 10000 100.00 _ 100.00
Tnitial 10000 227 1414 5280 1076 10000 10000  100.00  100.00
0540315 1184 156 764 6126 1166 8.14 6.40 1374 1283

No.2  -03154016  38.94 179 933 6042 1146 3071 2569 4456 4147

016400 4922 282 1951 4473 999 6Lls 6791 a7 4570

100.00 10000 10000 100.00 10000
Tnitial 10000 244 1498 5294 983 10000 100.00  100.00 10000
0540315 600 191 580 6888 1159 470 232 781 7.04

No.3 03154016 3631 1.86 9.81 6178 1098 2768 2378 4327 4035
016400 57.69 286 1919 4572 901 6762 7390 4982 5261
b 100.00 10000 10000 100.00 10000

All products obtained as a result of air classification, as
well as the feedstock of this technique, that is, samples with a
grain-size of -0.5+0.0 and 1.0+0.5 mm, have been examined
by dry magnetic separation.

Scaled-up laboratory research on magnetic separation of
tailings are performed on a belt separator RS-V 12/10-12.018
at different values of the magnetic field induction. Table 3
shows the results of dry magnetic separation for the first
chamber product of the air classification.

The data in Table 3 show that with increasing magnetic
field intensity from 0.5 to 1.2 T, there is an increase in the
yield of magnetic fractions from 42.5 to 61.0% and the re-
covery of manganese into it from 79.83 to 89.52%. At the
same time, there is a decrease in the manganese content from
26.56 to 20.75%. This tendency also persists in the dry mag-
netic separation of the second and third chambers products of
the air separator.

Table 3. Dry magnetic separation results of air classification product with a grain-size class of -0.5+0.0 mm (Product No. 1)

Induction, . Content, % Recovery, %

T Prodict Yield, % — Mn Si0;  ALOs Fe Mn rysm; ALO;
Initial 10000 207 1414 5280 1127 10000 100.00 10000  100.00

. Magnetic fraction 4250 332 2656 3462 885 6502 7983 2787 3337
- Non-magnetic fraction  57.50 132 496 6623 1306 3498 2017 7213 66.63
Total 100.00 100.00 10000 100.00  100.00

Tnitial 10000 207 1414 5280 1127  100.00 100.00  100.00 _ 100.00

07 Magnetic fraction 57.00 306 2222 4116 1127 8038 8957 4443 57.00
' Non-magnetic fraction  43.00 099 343 6824 1127 1962 1043 5557  43.00
Total 100.00 100.00  100.00  100.00 _100.00

Tnitial 10000 207 1414 5280 1127 10000 10000 100.00 10000

12 Magnetic fraction 61.00 295 20.75 40.83 11.52 82.93 89.52 47.17 62.35
: Non-magnetic fraction  39.00 095 380 7153 1088 1707 1048 5283 3765
Total 100.00 100.00 10000 100.00  100.00

The results of dry magnetic separation at a magnetic field
intensity of 0.5 T testify that tailings re-grinding and the use
of air classification before magnetic concentration make it
possible to increase the magnetic fractions yield by 7.5% and
increase the manganese recovery into the magnetic fraction
by 9.42% compared with the results of research conducted by
the authors in the work [23].

The primary tailings are exposed to magnetic separation
after re-grinding to a grain-size of less than 1 mm. This sepa-
ration results are presented in Table 4.

The data in Table 4 show that when separating with a
magnetic induction of 0.5 T without using air classification,
the manganese concentrate is obtained with a manganese
content of 26.00% with the recovery of manganese into it up
10 69.64%. The yield of manganese concentrate is 30%.

As a result of processing the research data, the depend-
ences have been obtained of beneficiation technological
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parameters on the magnetic field intensity for different air
classification products and feedstock.

Figure 2 presents the dependences of the magnetic sepa-
ration technological parameters of the first chamber product
on the magnetic field induction. It can be seen that with a
magnetic induction of 0.3 T, it is possible to obtain a manga-
nese concentrate with a yield of 45.0% and a content of
32.8% of manganese upon recovery of 80%.

Similar dependences of the magnetic separation tech-
nological parameters have been obtained during the
beneficiation of the 2 and 3 chambers products of the air
classification.

Figure 3 presents the dependences of the magnetic sepa-
ration technological parameters on the magnetic field induc-
tion during tailings beneficiation with a grain-size of
-1.0+0.00 mm without the use of air classification.
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Table 4. Dry magnetic separation results of regrinded primary product with a grain-size class of -1.0+0.0 mm

Tnduction, . Content, % Recovery, %
Product Yl v Mn___ Si0:  ALOs _ Fe Mn S0, AbLO;
Initial 100.00 1.90 11.20 58.40 10.84 100.00  100.00  100.00 100.00
05 Magnetic fraction 30.00 2.20 26.00 37.00 8.10 34.70 69.64 19.00 2242
: Non-magnetic fraction 70.00 177 4.81 67.58 12.01 65.30 3036 81.00 77.58
Total 100.00 100.00  100.00 100.00  100.00
Initial 100.00 1.84 1123 5837 10.84 100.00  100.00  100.00  100.00
07 Magnetic fraction 42.00 242 22.14 4137 10.55 5524 82.80 29.77 40.88
. Non-magnetic fraction 58.00 142 3.33 70.68 11.05 44.76 17.20 70.23 59.12
Total 100.00 100.00  100.00  100.00 100.00
Tnitial 100.00 1.84 11.23 5837 10.84 100.00 100.00  100.00 100.00
12 Magnetic fraction 61.00 2.39 16.90 55.11 1112 79.23 91.80 57.59 62.58
) Non-magnetic fraction 39.00 0.98 236 63.48 10.40 20.77 8.20 4241 3752
Total 100.00 100.00  100.00  100.00  100.00
processing technique and increases the technological process
100 s 7 A
20 functional reliability.
If to compare these results with the research results pre-
g - 0 y ~ sented by the authors in the work [23], given the similar
o 5_60 3 values of magnetic field induction, it can be stated that the
g = S0 ; inclusion in the technological scheme of the tailings re-
S 40 £ grinding to a grain-size of less than 1 mm makes it possible
~ 39 # S to increase the manganese concentrate yield by 6% with a
20 manganese content of 30% and increase recovery by 4%.
10) Based on this research results, a new technology for pro-
. cessing the mature manganese-bearing tailings of the
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Magnetic field induction, T’
Figure 2. Dry magnetic separation results of a product of

-0.5+0.0 mm grain-size class of the air separator first
chamber
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Figure 3. Dry magnetic separation results of the primary product
of -1.0+0.0 mm grain-size class

When comparing the results of beneficiation experiments
of re-grinded tailings in a magnetic field and subsequent air
classification before magnetic concentration of -1.0+0.0 mm
grain-size class with the magnetic concentration without the
use of air classification, the following conclusions can be
drawn: using the air classification, although it slightly in-
creases the concentrate yield and increases the manganese
recovery into it, at the same time complicates the technologi-
cal scheme of processing. To involve the mature manganese-
bearing tailings in the processing, it is more preferable the
technological scheme of processing, which includes re-
grinding of manganese-bearing tailings of less than 1 mm,
followed by magnetic separation. This greatly simplifies the
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Zhezdinsky concentrating mill is proposed, which includes
dry re-grinding of tailings to a grain-size of less than 1 mm,
followed by dry magnetic separation under a constant strong
magnetic field.

According to the authors of this research, it is necessary
to conduct work on creating a mobile pilot plant equipped
with a separator with a constant magnetic field and strong
magnetic induction in order to finally solve the problem of
involving mature tailings in processing. The industrial tests
should be conducted directly at the technogenic deposit.

4. Conclusions

The main scientific and practical results have been ob-
tained as a result of the work performed.

During the experiments on the magnetic separation of the
air separator chamber products under magnetic induction of
0.5 T, manganese concentrate has been obtained with a con-
tent of 26.56% manganese with a yield of 42.56% and recov-
ery of 79.83% manganese. The tendency of increasing the
manganese content in the concentrate with a decrease in the
magnetic field magnetic induction is determined.

By processing the research results of tailings beneficia-
tion by dry magnetic separation with interpolation method,
the technological parameters of beneficiation have been
determined at a magnetic field induction value of 0.3 T.

In the case of dry magnetic separation with preliminary
air classification of -0.5+0.0 mm class, the yield of manga-
nese concentrate will be 30.70% with a manganese content of
36.20% at 78.26% of its recovery into concentrate. At the
same time, during dry magnetic separation of -1.0+0.5 mm
class, the yield of manganese concentrate will be 23.60%
with a manganese content of 30.00% at 70.00% of its
recovery into concentrate.
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In the case of dry magnetic separation of tailings without
preliminary air classification of -1.0+0.0 mm class, a manga-
nese concentrate is obtained with a yield of 26% with a man-
ganese content of 30% and a manganese recovery of 69.64%.

The research results analysis evidences that dry grinding
of mature tailings to a grain-size of less than 1 mm ensures
the complete disclosure of ore minerals. This makes possible
to obtain manganese concentrate with the required quality by
dry magnetic separation even without the use of air classifi-
cation technique. This greatly simplifies the beneficiation
scheme for mature manganese-bearing tailings of the
Zhezdinsky concentrating mill,

Therefore, for processing the mature tailings of the
Zhezdinsky concentrating mill, it is recommended the simplest
beneficiation technology in terms of maintenance and exploi-
tation, which includes the technique of dry grinding of tailings
to a grain-size of less than I mm, followed by magnetic sepa-
ration under a magnetic field with an induction of 0.3 T.
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VKpynHeno-1a60paTopHi 10c/TixAeHHS CyXoi MArHITHOT cemapanii
xBocris JKesxincrioi 36arauysansnoi paépuicn, Kasaxcran

A. Mycraximos, A. 3eiinymin

Mera. PospoGia pauionabsoi texuonorii nepepobin Mapraniesosmicix xpoctis Kesircsiof s6arauysanshot dabpuin pecnyGrixa
Kasaxcran st OTPHMAHHS MAPraHIIEBOro KOHIEHTPATY /U1 BUILIABKH CHTIKOMAPIaHILo.

Meroauka. ¥ poGoti BUKOPHCTOBYBA/ACS KOMIUIEKCHA METOINKA JOCTI/UKeHb, IO BKIIONAE aHAMS CYHaCHHX HAyKOBUX PO3POGOK i
JOCRIAY X BUKOPHCTAHHS ripHItO-MeTanyprilinnMi nimnpHemCTsami. TTPOBEACHO CKCICPUMCHTATBHI IOCTIUKSHHS PEOROTO CKIaLy
XBOCTiB. CICI/IEHO CXEMY JOCHIIKCHAA, 1O BIIONAE CYXe AOMOAPIGHEHHS IeXANIX XBOCTiB 36aratyBabHol (DABPHI 3 HACTYHOK MOBI-
TPAKOIO Cemaparliclo, MPORYKTH skoi 36arauyioTHCs METOIOM CyXoi MArHITHOI cenapaii y CeNnapaTopi 3 MOCTHHAIM CHIBHIM MATHITHIT
noiew. BHBYEHO rpanyioMeTpuHIi T bpaKuiiiiiii ckazn BHXiAHOT CHpOBIHH if MPOAYKTiB cenapaii.

Pesyaprari. Ha ocrosi anartisy rpary/ioMeTpiaHOro Ta dpaiiiioro CKIajy nexannx xsoctis JKesminckkoi 36aradyansHoi habpukn
BCTAHOBIICHO, IO MIHEPATH MApraNio, 10 MCTAThCA B HIX, JyAe TOHKOBKPATIGH] ff BIHOCATECS /10 flerko3Garauysanm Matepiais, i1
OITBILl TOBHOTO BHITYNCHHA MAPTaIlio B KOHLCHTPAT Y CXeMy 36araties Gy BITIONCH OMepalii cyXoro M0MOAPIGHeNHs i MOBITpAHOI
cenapanii. TIposeyiero yKpyNHer0-1aGopaTopHi AOCI/PKCHHA 36aTauCHHS XBOCTIB 32 CXEMOIO: CyXe TIOAPIGHEHHS 0 KpYIHOCTI MeHie
1 v, npociiosanna 3 nozinom ka kiacu 0.5-1.0 § 0.0-0.5 M, AKi KaTXOMTh Ka nosiTpaHy cemapanito. TpozykTH NoBiTpAHOY cenapa
36arauyioTsea cyxoro MarkiTioio cenapaniero. BETaHOBICHO. 10 3aCTOCYBAHHS NOBITPAKOL Cenapartii npi iRy Kl MariTHOro nons 0.5 T
AO3BOTE MNBHIIATH BHXij MarwiTHoi ppaiwiii na 7.5% i 36inemTs BuTAr Mapranio wa 9.42%. AHais pesyasTaTis MarniTHoi cenapanii
TONKHX KIaCiB BKa3aB A MOTHBICT OTPHMAHIA MAPTAHICROTO KOMUEHTDATY HEOGXHOI AKOCTI HABITH Ge3 3aCTOCYBaHHS NOBITPANOL
cenapauii. Lie 3na1HO crpointye cxemy 36araucHits JICKaIX MapranieBoByiciiix xsoctis KesincsKoi s6aratysansioi dadpui.

Haykosa noBusHa. BeTauosiieno, 1o cyxe 10M0ApiGHeN s TeAamix XaocTie 36arauysatbHoi paGpHKH 210 KpymHocTi momme 1 My, 3
TIORIBLIONO NOBITPSHOO CENApAILiEio, 03BO1AE IOBHICTIO POSKPHTH MiHepai MapraHuio, 110 TPU3BOHTS MPH oAb Cyxi MarmiT-
Hilf cenapantii 10 miBHIICHHA BHXOY MarHiTHOT dpaKyi Ta 3GIMBIICHHA BATYeHRA B Hilt MAPraHILo.

Tlpaxtuuna suasnmicrs. Pospolika oNTHMaIbHOT TEXHONOM J03BOIAE OTPUMATH MpraHIEBHii KOHIEHTPAT HEOGXIAHOT AKOCT AUt
TIOA@IBIIIONO OTPHMAHKA B METATYpriiHOMY Tepeii hepo- a60 crutikoMapranI.

Kniouosi cnosa: xeocmu, apanynomempusnui cxnad, nodpivnenns, cenapayis

'YKpynHeHHO-1a60paToOpHbIe HCC/IeT0BAHMS CYX0ii MATHMTHOII cenapanuu
xBocToB JKesnuckoii oGoraTurensroil pabpuxu, Kazaxcran

A. Mycraxumos, A. 3eiinymmn

Heute. PaspaGoTka pauHORATLHOI TeXHOTIOMMH MepepaGoTKi MApraHelLCOACP ALY XBOCTOR HKe3HCKoii 06oraTHTebHOI babpuxn
pecryGmku Kasaxcrai Juist 10Ty eHHS MAPraHLEBOro KOHIEHTPATA /1A BHILIABKH CHIMKOMaprania.

Meromka. B paGore Heno:tbsosanacs KOMIUIGKCHAA METOMK HCCIIEAOBANTH, BKIOSAIONIAR aHATH3 COBPEMEHHEIX HaySHEIX Pa3paco-
TOK I OMITA HX HCTIOT630BAUA TOPHO-METAILIYPIHICCKHMH NPEANPUATHAMH. TIPORE/ICHBI SKCICPHMEHTATEHEIE HCCIIEIOBAMHS BEICCTRCH-
HOTO CocTaBa XBOCTOB. COCTABIICHa CXeMa HCCIICIOBAI, BICTIONAIONIAS CYXO€ IOM3MEITLCHHE JEKAILIX XBOCTOB 06OraTHTE bHOM habpiki ¢
mocrcAyloleii BO3AYLINO} cenapaupeli, IPOZYKTA! KOTOPOH OBOTAMIAIOTCH METOOM CyXofi MATRWTHOM CCHIGPAIINY B COIAPATOPE C TOCTOSH-
HBIM CHILHBIM MArHHTHEIM I01EM. VISydetb! rpasy ToMeTpicCKuii H GPaKMONHEL COCTABE HCXOAHOTO CHIPL 1 IIPOAYKTOB CeNapaL.

PeaynTarel. Ha ocnoBe aiaisa rpany/oMeTpuieckoro i GpakiMOHHOr0 COCTABA JIKAIBIX XBOCTOB JKe3HCKOl 0GOraTHTEbHOM
aBpHKH YCTAHOBICHO, YTO COCPANINECS B HIX MHHEPAIILI MAPTAHIIA BECHMA TOHKOBKDAILICHHEL H OTHOCHTCA K JIErK0OGOTATHMBIM MATC-
puaiam. [t Gojiee MOHOrO HIBICICHNS MAPrAHILA B KOHUCHTPAT B CXEMy 0GOrALIICHHs GHUIH BITIOUEHE! ONEPAIIMH CYXOT'0 JOM3METbUCHHS
H BO3 YOl Centapauns. [IpoBesieHs! ypymHerio-aGopaTopubie HCCTIEAOBAIMS 0GOrAUEHHS XBOCTOB [0 CXEME: CYXOE H3MENbHCHHE 10
KpYMHOCTH Meiice 1 MM, rpoxouenme ¢ pasnenermem Ha wiaccpt 0.5-1.0 1 0.0-0.5 MM, KOTOpEIC IOCTYNAIOT Ha BO3YIIYIO CENAPAIMIO.
Hpoxykrel BosaywHofi cenapattun oGorauiaIoTes CyXOl MarHHTHON Cenapaneii. YCTAHOBICHO, TTO MPHMCHERME KO3 TYIIHO CenapatHyt
TIPU. MUY KIMH MATHATHOIO 10t 0.5 Tt M03BO/IAET NIOBBICTS BHIXOZl MATHUTHOI (paKiiii a 7.5% M yBMIHT H3BTENeHME MAPFANIQ Ha
9-42%. ARATH3 PE3YBTATOR MATHATHOY COTIAPAUNM TOHKHX KIACCOB YKa3al Ha BO3MOKHOCTS TIONYUCHUA MAPrAHIEBOrO KOHICHTPATa
TPEBYEMOTO KauecTsa Aaxe Ges pHMEReHHs B3O conapatui, T0 JHANTEALHO YNPOMAET CXEMY 0GOFAIIEHHS JEKATHIX MAPraHelL-
conepxanux xsocron XKesauHckoit oGoratiTensHOi dabprKu.

Hayuas HOBU3HA. VCTAHOBIIEHO, HTO CYXOC IOH3ME/IbHEHHE IEKAIBIX XBOCTOB 0GOraTHTE b HOM (aGPHKI 40 KpymHOCTH setee | m,
€ nocileyloliteli BO3AYLINOI Cenapaeii, NO3BONAET NONHOCTSIO PACKPHITL MUHEPATH! MAPIAHIL, STO NPHBOHT MPH NOCHEAYIOME CyXoii
MATHHTHOH CCNApAIINH K NOBHIICHNIO BHIXO/1a MATHNTHON (PAKIIAH 1 YBEIHUCHNIO H3B/IEHCHHA B Heli MAPraHI,

TlpakTuueciasi SHAYUMOCTE. PaspaGoTka ONTHMAILHOH TEXHONIOTHI MO3BOJAET OTYSHT: MAPTAHIEBEL KOHUEHTDAT TPeGYEMOTO Ka-
YIECTBA /U IOCICAYIOIICTO HOTY4EHHs B METATIYPIHYCCKOM TIEpEere (eppo- Wi CRIAKOMADIaHTIa.

Katoueswre cnosa: xeocmu, spanynomempuveckuii cocmas, usmenswene, cenapayus
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