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Abstract

Fly ash landfills that accumulate a by-product of coal combustion and gasification represent a
permanent threat to the surrounding environment due to many factors (air and water pollution,
soil contamination, wildlife poisoning, etc). Moreover, disposed coal fly ash may contain
significant amounts of valuable elements that are not extracted. To improve the above situation, a
combined ash treatment process was developed for utilisation of the coal fly ash waste from
coal-fired power stations. The ash treatment includes three stages: 1) magnetic separation of an
iron-containing fraction, 2) carbon separation by floatation, and 3) extraction of aluminum by the
autoclave hydrochloric acid leaching. The lab-scale results of the ash treatment applied to the
Ekibastuz brown coal fly ash from the Omsk power stations (Russia) were presented and
discussed. The XRD analysis showed that the fly ash consists primarily of quartz, mullite and
magnetite. It was found that the magnetic fraction separated at the first stage is enriched in
magnetite (over 20 wt %), the carbon content in the concentrate after flotation increases to 27 wt
%, and 90-95 % of aluminum can be extracted during the autoclave acid leaching. The SEM
analysis showed that the magnetite phase is grown on the surface of aluminosilicate spheres as ~ 1
mm cubic crystals. The effect of the autoclave temperature and exposure time on the Al extraction
efficiency was also investigated and analysed in the present paper. The optimal autoclave
temperature and exposure time were found to achieve the maximum Al extraction efficiency. It
was also found by the SEM microanalysis that further extraction of aluminum is not economically
feasible since the remaining Al is evenly surrounded by SiO, in the fly ash particles.
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1. Introduction

A lot of power stations world-wide still use coal combustion as a main process to generate
electricity and heat. In the city of Omsk thermal power stations utilize brown coal from the
Ekibastuz coal field (Kazakhstan), which is characterised by high ash content (up to 40 %) [1].
Electricity and heat for the Omsk city is produced mainly by two coal-fired power stations TPS-4
and TPS-5 that generate 450 000 and 1 150 000 tons of coal fly ash (CFA) per year, respectively.
In total, ash disposal sites near Omsk accumulate more than 75 billion tons of CFA [2].

CFA usually contains from 20 to 35 wt % of Al>O;, which can partially be extracted by different
methods [3.,4]. Recent studies on the Al extraction from CFA using acid leaching show that
hydrochloric acid is the most reactive in regard to Al compared to sulphuric, nitric and
hydrofluoric acids [5]. However, if leaching is carried out at atmospheric pressure (e.g. 6M HCI,
T =107 °C) the extent of Al extraction does not exceed 70 % [6,7] One of the most perspective
methods to intensify leaching of a high-silica aluminum-containing feedstock is to use autoclaves
[8,9]. This method allows to exclude preliminary annealing and two-stage leaching. As silicon
dioxide does not react with acids a preliminary desilication is not necessary. Besides aluminum
iron will also go into the solution, which makes it necessary first to remove magnetite by
magnetic separation.
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In the present work a combined treatment of the raw CFA collected from the Omsk TPS-4 was
carried out in three stages: 1) iron separation by magnetic separation, 2) carbon separation by
floatation, and 3) aluminum extraction by autoclave acid leaching.

2. Experimental

The raw CFA collected from the Omsk TPS-4 ash disposal site (that contains ~37 billion ton of
fly ash) was used as an initial waste material. The CFA is produced from combustion of the
Ekibastuz brown coal (Kazakhstan) on the Omsk TPS-4. The average chemical composition of
the raw CFA is given in Table 1.

Table 1. The average chemical composition [wt. %] of CFA from TPS-4 (Omsk, Russia).
Component SiO2 | ALOs | FexO3 | TiO2 | K2O | CaO | MgO | MnO | NaxO | P2Os | LOI*

Contents 59.66 24.26 542 1.15 | 0.74 | 0.88 0.40 0.11 0.44 0.45 6.49
*LOI — loss on ignition at 1000 °C

A roll-type magnetic separator MBS 150x125 (NPO “Erga”, Russia) was used to separate the
magnetic and non-magnetic fractions of CFA. Initial CFA samples of ~500 g were mixed with
water and loaded into the separator. The magnetic field strength applied was 110 mT.

Carbon flotation tests were carried out in a flotation machine 189FL (REC
“Mekhanobr-Tekhnika”, Russia) using methyl isobutyl carbinol (MIBC) as a foamer (frother)
and kerosene KO-25 as a collector. Typical CFA amount and water volume were 20 g and 100 ml,
respectively.

The flotation efficiency index commonly used in mineral processing was employed as an
efficiency criterion:

E=[(e-y) / (100 — a)] x-100% (1)

where ¢ is the percentage of carbon/sulphur extraction from the non-magnetic fraction; v is the
amount of the carbon/sulphur concentrate relative to the initial mass of the non-magnetic fraction;
a is the carbon/sulphur content in the CFA non-magnetic fraction.

Leaching of coal fly ash by hydrochloric acid to extract aluminum was carried out in a laboratory
autoclave using stainless steel capsules with 50 ml Teflon inserts (Deschem, China). The
autoclave temperature was governed by a PID controller with +1°C accuracy. The heating time
from room temperature up to a particular temperature was approximately 1 hour. The exposure
times at different temperatures (160, 170, 180, 190, 200°C) were 1, 2, 3, 4 hours, respectively.
The HCI concentration was 345 g/l (30 %); the ratio S:L = 1:5.

3. Results and Discussion

Figure 1 showed the XRD results of the initial CFA (TPS-4, Omsk, Russia), and the magnetic &
non-magnetic fractions after the wet magnetic separation. It can be seen that the initial CFA
consists mainly of mullite, quartz and magnetite. In general, the mullite phase is a
non-stoichiometric solid solution between SiO, and AlOs; with an approximate formula
Al6Si,013. The quartz and magnetite phases have stoichiometric formulae SiO, and Fe;Os,
respectively; however, while quartz is a SiO; polymorph, magnetite generally represents a solid
solution between FeO and Fe,O3 with a spinel-type structure that can accommodate other atoms
like Ca, Mg and Mn.
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The wet magnetic separation tests demonstrate that the magnetic fraction can consist up to 10% of
the initial fly ash mass. The magnetite content in the magnetic fraction after separation increases
from 5 to 20 wt. %. The non-magnetic fraction contains less than 1 wt. % of iron oxide, and the
Al,O3; amount increases from 24 to 27 wt. % (Table 2). It can be seen that Ca, Mg, Mn, P occur
mainly in the magnetic fraction, while Ti and C are present in the non-magnetic fraction.
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Figure 1. XRD patterns of the initial CFA and the magnetic & non-magnetic fractions after
the wet magnetic separation.

Table 2. The bulk chemical composition [wt. %] of the magnetic & non-magnetic fractions
after the wet magnetic separation of CFA from TPS-4, Omsk, Russia.
Component SiO2 | ALOs; | Fe:Os | TiO2 | K2O | CaO | MgO | MnO | NaxO | P20s | LOI
Magnetic fraction 5594 | 14.73 20.2 075 | 04 1.28 | 0.66 | 0.67 0.28 | 0.64 | 4.45

Non-magnetic | 65 g9 | 2701 | 063 | 1.33 | 0.35 | 0.09 | 0.14 | 0.18 | 032 | 0.42 | 677
fraction

*LOI — loss on ignition at 1000 °C

Morphology of ash particles from the magnetic and non-magnetic fractions obtained by SEM is
shown in Figures 2(a-b), while the corresponding elemental spectra are given in Table 3. The
magnetic fraction consists primarily of spherical particles of 30-60 wm, with small cubic crystals
(about 1 pm) of magnetite grown on their surface. The amount of magnetite on the particles
surface is not significant compared to the alumosilicate content, which implies that the magnetite
concentration in the magnetic fraction cannot be increased to 50-75 %. The non-magnetic fraction
consists of agglomerates of irregular shape with a size of 20-80 pm.
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Figure 2. Typical SEM images of the magnetic (a) and non-magnetic fractions (b).

Table 3. The elemental compositions [at. %] of particles from the magnetic and
non-magnetic fractions (see Figure 2 for the spectra numbers).

Spectrum | 0O | Na | Mg | Al | Si | Ca | Ti | Fe
Magnetic fraction
1 69.40 - 1.47 1.04 5.72 0.62 - 21.75
2 65.53 - - 0.55 1.17 0.70 - 32.05
3 50.92 - - - 10.29 - - 38.79
4 75.07 - 0.20 3.71 19.8 - - 1.22
5 63.52 - 1.82 1.90 3.80 0.53 - 28.43
Non-magnetic fraction

1 72.99 - - 8.97 1598 | 0.57 | 0.37 1.11
2 63.35 - 1.05 4.34 20.21 | 2.79 | 6.30 1.96
3 74.16 - - 5.02 20.82 - - -
4 7435 | 027 | 043 | 10.80 | 13.54 | 0.35 - 0.27
5 59.77 - - 17.35 | 22.88 - - -

The non-magnetic fraction obtained after the wet magnetic separation contains about 6.5 wt. % of
carbon and 0.04 wt. % of sulphur. It was screened into size fractions from 40 to 400 pm, and the C
and S concentrations was determined for each size fraction (Table 4).

It can be seen from Table 4 that CFA particles over 100 um contain 10-30 wt. % of carbon and
0.07-0.24 wt. % of sulphur. CFA particle size distribution and carbon content agree with the
reported data by Bartonova [10]. Figure 3 shows porous spherical particles that contain most
carbon present in fly ash [11]. It can be seen that the average size of those particles is bigger than
200 pm.
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Figure 3. The SEM images of carbon particles from the CFA non-magnetic fraction.

Table 4. The carbon and sulphur concentrations in the non-magnetic fraction as a function
of the particle size.

Particle size, Fraction in CFA, Carbon content, wt. Sulphur content, wt.
um % % %
315-400 0.28 30.9 0.242
200-315 1.65 25.6 0.179
160-200 1.78 18.5 0.128
100-160 17.88 9.96 0.069
71-100 15.46 7.14 0.053
63-71 19.33 5.57 0.041
40-63 18.59 3.72 0.029
40 < 25.02 2.27 0.023

It was found [12] that the most suitable particle size for flotation should lie in a range of 40-71
um. Therefore, the ash fraction that contains particles over 71 um was subjected to grinding. The
obtained carbon-enriched concentrate was processed by flotation. Kerosene was chosen as the
collector in flotation due to its effectiveness and cheap price [13].

The results of flotation tests are shown in Figures 4(a - d), which represent the efficiency index £
(calculated by Equation 1 for carbon and sulphur) as a function of the collector volume for (a-b)
small particles (40 - 71 um) processed by flotation and (c - d) large particles (100 - 400 pwm) first
grinded to 40 - 71 pm and then processed by flotation. It can be seen that the efficiency index for
carbon increases to ~ 67.8 % as the collector volume changed from 0.5 to 1.5 ml. Further increase
of the collector volume to 2 ml decreases the £ index to 51 % (Figure 4a). As the large-size (100 -
400 um) ash fraction contains significantly more carbon than the small-size fraction (< 100 pm),
the collector volume was increased; the best efficiency was achieved on adding 5 ml of kerosene
(Figure 4(c)). However, as in the case of small-size fraction, an increase of the collector volume to
7.5 ml decreases the flotation efficiency index to 32 %, because the larger the collector volume,
the greater the amount of alumosilicate particles collected in flotation. It can be seen from Figures
4(b, d) that similar trends were observed for sulphur flotation, but poorer flotation efficiency
indices can be achieved than those for carbon (the corresponding values are 54 and 33.8 %).
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Figure 4. The effect of the collector volume on the flotation efficiency index E: (a—b) for
CFA particles of 40-71 pm after screening non-magnetic fraction carbon; (c—d) for CFA
particles of 100-400 pm after grinding to 40-71 pm.

Aluminum is mainly present in CFA as mullite. A reaction between mullite and hydrochloric acid
(6M) at a boiling temperature results in extraction of maximum 15 % of aluminum. Fluorides of
alkali and alkaline earth metals (KF, NaF, CaF,) as well as ammonium fluoride (NH4F) are
usually added to intensify the Al extraction. Fluoride reacts with SiO, and destroys the Si-Al bond,
forming SiF4, which hydrolyses with formation of H,SiFs [14]. This method leads to a substantial
increase of the Al extraction efficiency, up to 90-95 % [15]. However, possible formation of
hydrofluoric acid during such treatment restricts the final product, aluminum chloride solution to
be further used as a coagulant for water purification [16]. Therefore, in the present work an
autoclave leaching technique was used to enhance the efficiency of Al extraction instead the
fluoride addition method. The XRD analysis of the non-magnetic fraction showed only the
presence of quartz and mullite (Figure 1), which implies that the Al extraction process can
roughly be represented by the following reaction between hydrochloric acid and stoichiometric
mullite:

3A1,03-2S10;) + 18HCl (1) = 6 AlCl3(q) + 2Si02) + 9HO0(y (2)

The effect of the autoclave temperature and exposure time on the Al extraction efficiency is
shown in Figure 5. It can be seen that an increase of the autoclave temperature leads to an increase
of the Al extraction efficiency. The greatest extraction efficiency of 90 — 95 % was observed at
temperatures 190 — 200 °C after ~3 hours of leaching. The chemical composition of the solution
obtained at T =200 °C and t = 3 hours is as follows [g/I]: Al-23.6,Fe—2.1,K—-0.9, Mg—0.3, Na
—0.6, Ti— 0.6, Sc — 0.002.
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Figure 5. The effect of the autoclave temperature and exposure time on the Al
extraction efficiency (the solid lines are drawn for eye guidance).

The solid residue that is filtrated after leaching consists mainly of SiO, (Table 5) with small
amounts of C, Al,O; and TiO,. The XRD analysis shows the presence of quartz and residual
mullite (Figure 6).

Table 5. The average chemical composition [wt. %] of the solid residue after autoclave
leaching of CFA by hydrochloric acid at T = 200 °C, S:L = 1:5, T =3 hours.

Component | SiO2 | ALO;s | Fe;O3 | TiO; | K,O | CaO | MgO | MnO | Na,O | P,Os | LOI*

Contents | 92.05 | 3.61 0.12 | 1.67 | 04 | 0.34 | 0.07 | 0.03 | 0.23 | 0.46 1.02
*LOI — loss on ignition
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Figure 6. XRD pattern of the solid residue after autoclave leaching of CFA by HCl at T =
200 °C, S:L =1:5, T =3 hours.

This solid residue can further be utilised in ceramic (SiC) manufacturing [17] or as an addition to
Portland cement to increase its toughness [18].

The Al extraction process by acid leaching can be described as a reaction rate process with a

thermally activated reaction rate constant. The activation energy for hydrochloric acid leaching of
mullite can then be determined from the Arrhenius equation for the reaction rate constant £:
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k= A-exp(~E. / RT) 3)

where A4 is the pre-exponential term; E, is the activation energy; R is the universal gas
constant.

Figure 7 shows the logarithm of the reaction rate constant as a function of reciprocal temperature
constructed on the basis of the experimental data (Figure 5). The activation energy was
determined as a tangent to a linear curve “Ink vs T, It can be concluded from the obtained value
of E, (55.5 kJ/mol) that the mullite leaching process can be limited by the corresponding chemical
reaction kinetics, not by diffusion, because £, > 40 kJ/mol [19].
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Figure 7. The logarithm of the reaction rate constant as a function of reciprocal
temperature during the autoclave leaching process.

These research were carried out in a laboratory setup, where the agitation practically had no effect
on the leaching process. The obtained experimental data will be used in further investigations
using a 5 1 glass lined high-pressure reactor with a stirrer. Since the industrial application of such
equipment involves work at T = 150 — 180 °C, we will focus on these indicators. A potential
method of intensifying the leaching process can be used pretreatment of ash by alkali to dissolve
part of the silica into the solution and destroy the surface layer of ash particles. This will lead to a
better interaction of mullite by hydrochloric acid [20]. The use of 30 % HCl in this research is due
to the orientation of this study on coagulant production. When studying the method of alumina
production, it is necessary to reduce the concentration to 20 % in order to reuse during the
pyrohydrolysis of aluminum chloride hexahydrate.

4. Conclusions

Combined treatment to utilise the coal fly ash waste collected from the Omsk TPS-4 (Russia) was
developed, lab-scale tested and analysed. Three-stage treatment includes magnetic separation of
iron-containing fraction, carbon separation by flotation and aluminum extraction by autoclave
acid leaching.

The magnetite amount in the magnetic fraction after separation increases from 5.3 to 20.2 wt. %,
while the Al,O3; amount in the non-magnetic fraction increases from 24.5 to 27 wt. %. The carbon
content in the concentrate obtained after flotation using kerosene as the collector reaches ~27
wt. %.
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The effect of the autoclave temperature and exposure time on the aluminum extraction efficiency
was investigated for the autoclave hydrochloric acid leaching process. The Al extraction
efficiency can reach ~95 % at the following optimal process parameters: T = 200 °C, Cyc) = 345
g/l, Tt = 3 h, S:L = 1:5. The activation energy of the leaching process determined from the
experimental data was 56.5 kJ/mol, which means that the process limiting stage is probably
surface chemical reaction.

5. Acknowledgements

The present study was funded by the Russian Science Foundation project No 18-79-00305.

6. References

1. B. Dikhanbaev et al., Development of hydrogen-enriched water gas production

technology by processing ekibastuz coal with technogenic waste, Arch. Mech. Eng. V.
65, (2018), 221-231.

2. V.V. Sirotyuk et. al., Strength and deformation characteristics of ash and slag mixture,
Mag. Civ. Eng. V.74, (2017), 1-14.

3. J. Ding et al., Research and industrialization progress of recovering alumina from fly ash:
A concise review, Waste Manag. V. 60, (2017), 375-387.

4. P.K. Sahoo et al., Recovery of metals and other beneficial products from coal fly ash: a
sustainable approach for fly ash management, Int. J. Coal Sci. Technol. V. 3, (2016),
267-283.

5. P. Hu et al., Distribution and occurrence of lithium in high-alumina-coal fly ash, Int. J.
Coal Geol. V. 189, (2018), 27-34.

6. R. Singh et al., Beneficiation of iron and aluminium oxides from fly ash at lab scale, /nt.
J. Miner. Process. V. 145, (2015), 32-37.

7. Q. Luo et al., Dissolution Kinetics of Aluminum, Calcium, and Iron from Circulating

Fluidized Bed Combustion Fly Ash with Hydrochloric Acid, Ind. Eng. Chem. Res. V. 52,
(2013), 18184-18191.

8. C.Y. Wu et al., Extraction of aluminum by pressure acid-leaching method from coal fly
ash, Trans. Nonferrous Met. Soc. China V. 22, (2012), 2282-2288.

9. J. Xiao et al., Co-utilization of spent pot-lining and coal gangue by hydrothermal
acid-leaching method to prepare silicon carbide powder, J. Clean. Prod. V. 204, (2018),
848-860.

10. L. Bartoniova, Unburned carbon from coal combustion ash: An overview, Fuel Process.
Technol. V. 134, (2015), 136-158.

11. J.C. Hower et al., Coal-derived unburned carbons in fly ash: A review, Int. J. Coal Geol.

V. 179, (2017), 11-27.
12. Y.V. Ryabov et al., PAV-2 conditioning agent application efficiency in flotation of
unburned carbon from coal-fired power plants fly ash, Obogashchenie Rud. (2018),

43-49.

13. G. Han et al., Enhanced recycling and utilization of mullite from coal fly ash with a
flotation and metallurgy process, J. Clean. Prod. V. 178, (2018), 804-813.

14. J. Li, et al., Acid leaching aluminum from boiler slag - Effect of fluoride additives on the

aluminum dissolution, Appl. Mech. Mater. V. 71-78, (2011), 688-693.
15. A K. Tripathyet al., Aluminium recovery from NALCO fly ash by acid digestion in the
presence of fluoride ion, /nt. J. Miner. Process. V. 138, (2015), 44-48.

16. K. Hu et al., Preparation of an Aluminum and Iron-Based Coagulant from Fly Ash for
Industrial Wastewater Treatment, Clean - Soil, Air, Water. V. 45 (9), (2017), 1600437
17. F. Li et al., Preparation of SiC from acid-leached coal gangue by carbothermal reduction,

Int. J. Appl. Ceram. Technol. V. 15, (2018), 625-632.

425



TRAVAUX 48, Proceedings of the 37" International ICSOBA Conference and
XXV Conference «Aluminium of Siberia», Krasnoyarsk, Russia, 16 — 20 September, 2019

18.

19.

20.

Y. Reches et al., Agglomeration and reactivity of nanoparticles of SiO», TiO,, Al>O3,
Fe,0s, and clays in cement pastes and effects on compressive strength at ambient and
elevated temperatures, Constr. Build. Mater. V. 167, (2018), 860-873.

L. Tian et al., Kinetics of indium dissolution from marmatite with high indium content in
pressure acid leaching, Rare Met. V. 36, (2017), 69-76.

Z. Ma et al., Novel extraction of valuable metals from circulating fluidized bed-derived
high-alumina fly ash by acid—alkali-based alternate method, J. Clean. Prod. V. 230,
(2019), 302-313.

426



	EDITIONS DE L’ICSOBA
	Past events of ICSOBA
	Foreword
	Welcome note from Viktor Mann
	Table of Contents
	KEYNOTE SESSION
	KN01 - UC RUSAL Technology and Product Development
	KN02 - The Use of Aluminium in Automotive Industry
	KN03 - Opportunities and Challenges of Indian Aluminium Industry
	KN04 - Historical Development of the Largest Aluminium Smelter in the Middle East
	KN05 - Prebaked Anode Market and Production Overview in China
	KN06 - Current Situation of Alumina Industry in China and its Technical Demand
	KN07 - REGAL: A Successful Model of Collaboration for Innovation between University and Aluminium Industry
	KN08 - An Overview of the Bauxite, Alumina and Aluminium Markets and their Costs
	BAUXITE SESSION
	BX01 - The Quality of Bauxites from Bosnia & Herzegovina and Montenegro Processed by the Alumina DOO Zvornik between 2014 and 2018
	BX02 - Development of Technology for Carbonate Removal from North Urals Bauxite at RUSAL Krasnoturyinsk
	BX03 - Reducing Reactive Silica Content in Washed Bauxite
	BX04 - Concentration Machinery and Equipment in Alumina Refining
	BX05 - Development of a Probabilistic Model for Water Management  on a Bauxite Mining Site
	BX06 - Development of Business Intelligence Reports for KPI Management  on a Bauxite Mine
	BX07 - Biodiversity Research Consortium (BRC): A technical and scientific partnership in search of "State of the Art" Mined Area Recovery
	BX08 - Human Asset Management: How to Increase the Delivery Capacity of Maintenance Human Potential at Hydro Paragominas
	ALUMINA SESSION
	AA01 - The Road to a New Bauxite – Mine and Refinery Optimisation
	AA02 - Digestion of Boehmitic Bauxites: Problems, Challenges and Opportunities
	AA03 - Impurities in Bayer Liquor: Learnings from the Ma’aden Alumina Refinery
	AA04 - Effect of CaO on Leaching Kinetics of Boehmite from Middle Timan Deposit Bauxites
	AA05 - Effect of Bauxite Mineralogy on Bayer Digestion Process Selection
	AA06 - Digestion-Evaporation Combined Process in Alumina Refinery
	AA07 - Improvement of Spent Liquor Evaporation at RUSAL Krasnoturyinsk
	AA08 - Mechanical Vapour Recompression applied to Alumina Spent Liquor Evaporation Plants
	AA09 - Industrial Trials of a Belt Filter for Filtration of Strong Evaporated Liquor at RUSAL Krasnoturyinsk
	AA10 - Settling Ability of Jamaican Bauxite Residue based on Bauxite Feed Constituents and Vessel Design
	AA11 - Simulation of Solids Flocculation by CFD-PBM Method
	AA12 - Improvement of Digested Slurry Post-Desilication Efficiency in the Flashing Circuit at Nikolaev Alumina Refinery
	AA13 - Industrial Trials of Spent Tricalcium Aluminate Recycling into Digestion Process of Timan Bauxite (Stage 1)
	AA14 - The Hydrothermal Treatment of Aluminium Hydroxide  to Improve Alumina Production Efficiency
	AA15 - Control of Product Size and Strength with Challenging Impurity Balance
	AA16 - Optimization of Alumina Precipitation Circuit Arrangement using Simple Modelling Tool
	AA17 - Statistical Analysis of Aluminate Liquor Precipitation Process with Statistica: Classic and Modern Data Mining Methods
	AA18 - Estimation and Optimization Calculations of Alumina Flash Calciner
	AA19 - Experience Driven Design Improvements of Gas Suspension Calciners
	AA20 - Production of Ceramic and Smelter Grade Alumina in Outotec’s Dual Purpose CFB Calciner
	AA21 - Customized Descaling Robot Arms Still today, Descaling Robot Arms improve Health and Safety while increasing productivity
	AA22 - The Driverless Alumina Refinery
	AA23 - Development the means of modeling the processes and the systems of alumina production
	AA24 - Calculation of the Ionic Composition of Aluminate Solutions
	AA25 - Techno-Commercial Evaluation of Chloride Based Production Routes for Technology Metals and Materials
	AA26 - The Altech Process to Produce High Purity Alumina  from Kaolin Clay
	AA27 - RUSAL Alumochloride Technology – Efficient and Waste-Free Alumina Production from Non-Bauxite Resource
	AA28 - Synthesis of Oxide Materials by Hydrothermal Hydrolysis of Aluminum Chloride Hexahydrate
	AA29 - Research Results and Prospects for Acid-Salt Processing of  Low Quality Bauxites and Other Alumina-Containing Raw Materials in a Closed Circuit
	AA30 - Extraction of Alumina from the Coal Fly Ash by Hydrochloric Acid
	AA31 - Extracting Alumina From Coal Fly Ash With Ammonium Bisulfate Leaching
	AA32 - Egyptian Aluminum-containing Raw Materials and the Prospects  for its Integrated Processing to Produce Alumina and By-products
	AA33 - Low-Alkaline Fine Alumina for Ceramic Industry
	AA34 - The Alumina Technology Roadmap 4.0
	AA35 - Comparison of Alumina Production Process  from Low Grade Refractory Bauxite
	BAUXITE RESIDUE SESSION
	BR01 - Specifics of Alkali Recovery from Bauxite Residue of Different Alumina Refineries
	BR02 - Dealkalization of Bauxite residue through Acid Neutralization  and its Revegetation Potential
	BR03 - Cementitious Activity Evaluation of Bauxite Residue and Fly ash combination on Portland Blended Cement
	BR04 - Industrial Trials Results of Scandium Oxide Recovery from Red Mud at UC RUSAL Alumina Refineries
	BR05 - Valorization of Canadian Bauxite Residue for the Recovery of Strategic Materials
	BR06 - Bauxite Residue Safety Disposal and Possibilities to further Utilisation. II. Maize Plants Growth on the Acidic Soils (Pilot and Demonstration Stage)
	BR07 - A comparison between various pump systems for high flow rate tailing pipelines
	BR08 - State-of-the-art Bauxite Tailings Disposal Facilities and Techniques
	BR09 - Utilization of the Paragominas mining tailings to obtain FAU zeolite: Synthesis optimization using a factorial DOE and Response Surface Methodology
	BR10 - Experimental study on physical and mechanical properties of red mud under different compaction degree and water content
	BR11 - The Study of Tailings at Mina Alumina Limited, Mozambique.
	BR12 - The preparation, structure and magnetic separation characteristics  of high-ferric and low-alkali content red mud
	CARBON SESSION
	CB01 - Anhydrous Carbon Pellets – An Engineered CPC Raw Material
	CB02 - Rheological Characterization of Pitch and Binder Matrix at Different Fine Particle Concentration
	CB03 - The Use of Petroleum Components for Preparing a Pitch Binder for Anode Pastes
	CB04 - New Insights toward the Characterization of the Carbon Paste Forming Process
	CB05 - Successful Experience in Organising Baked Anode Production at RUSAL Volgograd
	1.
	CB06 - Major reconstruction of central casing of open top baking furnace with a view to increase its lifespan and reduce the total costs comparing to full reconstruction
	CB07 - R & D of the JSC BRP for RUSAL’s Projects for Reconstruction of Furnaces for the Production of Carbon Materials
	CB08 - Real Anode Temperature Measuring - From Investigations to a New Standard
	CB09 - Carbon Cathode Block Materials: A History of Advancements
	CB10 - Nondestructive Control of Physico-Mechanical Properties and Quality of Carbon Materials and Products Used in the Production of Aluminum
	CB11 - Electrical Preheating of Cathode Blocks for Collector Bar Casting in Aluminum Electrolysis Cells
	ALUMINIUM SESSION
	AL01 - Linking Electrochemistry, Modern Aluminium Cell Design and Operating Conditions, for a Better Understanding of Anode Reactions and Various Levels of PFC Co-evolution
	AL02 - Linking Electrochemistry, Modern Aluminium Cell Design and Operating Conditions, for a Better Understanding of Anode Reactions and Various Levels of PFC Co-evolution
	AL03 - Latest Progress in IPCC Methodology for Estimating the Extent of PFC Greenhouse Gases Co-evolved in the Aluminium Reduction Cell and Challenges in Reducing these Emissions
	AL04 - Recycling of Solid Wastes in Aluminum Electrolysis in China
	AL05 - Environmental Benefits of Using Spent Pot Lining (SPL) in Cement Production
	AL06 - Carbon Monoxide Emissions from Electrolysis Process in EGA Smelters
	AL07 - Energy Optimization and Emissions Improvement in Fume Treatment in EGA Jebel Ali Smelter
	AL08 - The Simulation of Alumina Feed in the Reactor of Dry Gas Treatment Plant
	AL09 - Catalytic Decomposition of Perfluorinated Carbons (PFCs) During the Aluminium Smelting Process
	AL10 - Laboratory Study of a Technology for the Treatment of Aluminum Smelter Liquid Wastes with Alumina
	AL11 - Enhancement of the RA-550 Technology: Issues and Their Solutions
	AL12 - Commissioning and Start-up of Alba Line 6 Project Using EGA DX+ Ultra Technology
	AL13 - RUSAL Resource-Saving Technologies
	AL14 - Second Attempt to Break 10 kWh/kg Energy Consumption Barrier Using a Wide Cell Design
	AL15 - 360 kA Hall-Héroult Cell Retrofit Using Inert Anodes and Stable Cathodes
	AL16 - Observation of Alumina Dissolution and Bubble Behavior in Molten Salts with High Temperature Transparent Electrolytic Cell
	AL17 - The Structure of the Aluminium Smelting Cell Ledge
	AL18 - An Automated Reference-Free Rietveld-Method-Based X-Ray Diffraction Analysis of Cryolite Ratio
	AL19 - Electrolysis of Cryolite-Alumina Melts on Solid Cathodes
	AL20 - New Study and Application of Intelligent Breaking Control Device for Aluminium Reduction Pot in the MPPIC Technology
	AL21 - Concepts for Alumina Handling in Smelters - Efficiency from Port to Pot
	AL22 - Enriched Alumina Silos: What Is Their Purpose, Are They Still Required?
	AL23 - Mathematical Modeling and Application of a Continuous Alumina Feeding to Potroom
	AL24 - Overview of the Application of Mathematical Modelling in the Aluminium Production of UC RUSAL
	AL25 - Electromagnetic Modeling of Aluminium Electrolysis Cells Using Magnetic Vector Potential
	AL26 - Design of Smelter Magnetic Solutions Using MHD Code
	AL27 - Improving Reliability and Reducing Electric Energy Losses in the 'Rod–Yoke' Connections
	AL28 - Cathode Wear – Autopsy Findings Related to Degradation Mechanisms
	AL29 - AD20+: A More Ecofriendly Glue for Aluminum Pot Sides with Improved Properties
	AL30 - Analysis of Cathode Lining Failure Modes in High Current Density Cells at EGA
	AL31 - Laboratory Evaluations of Ceramic Sidelining Materials
	AL32 - Cathode Life and Failure in a High Amperage CWPB Potline
	AL33 - Successful Potline Operation During Reduced Power at Egyptalum



