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Anode carbon residue is produced in the production of electrolytic aluminum. Its properties need to be studied for secondary utilization. In this paper, mineralogy of anode carbon residue from an electrolytic aluminum plant in Guizhou was studied. The anode residue chemical composition, structure, mineral composition, occurrence state of main elements, etc, was investigated. The results show that: Anode carbon residue is mainly composed of 14 minerals such as cryolite, cryolithionite, elpasolite and graphite. Among them, the opaque minerals are mainly graphite and the transparent minerals are mainly cryolite. Carbon in the form of independent mineral occurrence in graphite; fluoride in the form of independent mineral occurrence in cryolite, cryolithionite, elpasolite and fluorite; aluminum in the form of independent mineral occurrence in cryolite, cryolithionite, elpasolite, aluminium oxide and magnesium aluminate; sodium in the form of independent mineral occurrence in cryolite, cryolithionite, elpasolite. The mineralogical characteristics and occurrence state of carbon and electrolyte were studied, which provided a basis for the separation and recovery of carbon and electrolyte in anode carbon residue.
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INTRODUCTION
Hall-Heroult electrolysis process is the most commonly used method for aluminum production (Grjotheim and Krohn, 2020). Anode carbon residue produced in the process of electrolytic aluminum is a kind of dangerous solid waste. For example, it contains fluorine ions, the direct storage and landfill treatment will have a serious impact on the environment (Lifeng et al., 2019). Carbon anode is one of the key components in the production of electrolytic aluminum. It is mainly composed of calcined petroleum coke, coal tar pitch and regenerated carbon materials (Bhattacharyay et al., 2017). In the process of electrolytic aluminum production, part of the carbon anode falls off and enters the electrolyte to form anode carbon residue, and the accumulation of carbon residue will affect the production of electrolytic aluminum (Jin-sheng and Qing-chun, 2017; Zhi-qian et al., 2019), and the generation of carbon residue is related to the quality of anode (Aryanpour et al., 2014; Chevarin et al., 2015). Because in the process of aluminum electrolysis, carbon anode participated in the electrolysis process and was consumed, the production of aluminum at the same time to consume a large amount of carbon, producing a large amounts of CO2 (Huang et al., 2018) are produced resulting in voltage increases (Haupin, 1971) and current efficiency losses (Einarsrud, 2010). The carbon anode needs to be replaced in time after being consumed, to ensure the normal operation of production (Chevarin et al., 2015; Allard et al., 2019; Guo et al., 2020; Hussein et al., 2020). The production of anode carbon residue can be reduced by improving the quality of raw materials and strengthening the management of electrolytic aluminum production process (Hai-fei et al., 2009; Qing et al., 2015). It has been found that the shape of anode is one of the factors affecting the formation of carbon slag (Min-zhang and Xian, 2012). The anode consumption can be reduced by optimizing the structure of anode carbon block height and top shape (Xugui, 2021). The anode performance can also be improved by increasing the density of carbon anode, reducing the resistivity, air permeability, and reducing the impurity elements in the anode carbon (Batista and da Silveira, 2008; Dan-qing, 2008; Azari et al., 2013; Azari et al., 2013; Khaji and Al Qassemi, 2016). Trace elements in anode will affect anode consumption and aluminum liquid quality (Jing et al., 2010; Jing-lu et al., 2015). At the same time, the carbon and electrolyte in the anode carbon residue can be separated and recovered, which can effectively utilize the solid waste resources (Xiangyang et al., 2016; Lifeng et al., 2019). In the study of alternative materials for carbon anode, some researchers use calcined anthracite to partially replace petroleum coke to produce carbon anode (Yao-jian et al., 2009), and some researchers use bio-asphalt instead of coal asphalt to prepare carbon anode (Hussein et al., 2020). The use of inert materials instead of carbon anodes will be a promising option for the future and has been extensively investigated (Xiao et al., 2014; Kubiňáková et al., 2018). In view of the current utilization of anode carbon residue, the recycling of anode carbon residue is one of the effective ways to solve the environmental problems caused by it. The separation and recovery of carbon and electrolyte and the quantification of the key mineralogical parameters in anode carbon residue are important means for the separation of useful components (Diógenes et al., 2021).
In this paper, Polarized light microscope and X—ray diffraction (XRD), Scanning Electron Microscope and Energy Dispersive Spectroscopy (SEM-EDS) Analysis and combined with mineral liberation analyser (MLA), and other methods for anode carbon residue was studied, find out the structure of the anode residue structure, element composition, mineral composition and embedded characteristics, find out the carbon phase, sodium, aluminum phase, fluorine equal characteristics of each phase found out C, F, Al, Na, K and other elements in the distribution law of various minerals and occurrence state, It provides a basis for the separation and recovery of useful components in anode carbon residue.
MATERIALS AND METHODS
Anode carbon residue is taken from Guizhou Hua Ren New Material Co., Ltd. The bulk anode carbon residue was selected and polished, and the structure of the anode carbon residue was analyzed by polarizing microscope (Axio Scope. A1, Zeiss, Germany), chemical multi-element analysis, X-ray diffraction analysis (Empyrean sharp shadow, Panalytical, Netherlands), MLA mineral dissociation analyzer (MLA650, FEI, American), scanning electron microscopy (Quanta600, FEI, American) and energy dispersive X-ray spectrometry (Apollo X type, EDAX, American) were used to analyze the element composition, mineral composition, embedded characteristics, symbiosis and element occurrence of anode carbon residue.
TEST RESULTS AND DISCUSSION
Structure of Anode Carbon Residue
The gross eye observation shows that the anode carbon residue is black, and the particle size less than 5 cm. In some anode carbon residue, dark mineral aggregates and light mineral aggregates are locally enriched, with multiple pores and porous structures. The structural diagram is shown in Figures 1A–D. Dark mineral aggregates and light mineral aggregates are alternately distributed, and the structural diagram is shown in Figures 1E, F.
[image: Figure 1]FIGURE 1 | Structure Diagram of Anode Carbon Residue. (A–D) Many pores, cryolite and graphite are locally enriched; (E,F) Multiple pores, alternating distribution of cryolite and graphite.
Polarizing microscope was used to analyze the anode carbon residue. The opaque minerals in the anode carbon residue were mainly graphite, which was flaky and fibrous, forming flaky and fibrous crystalloblastic structures. Transparent minerals are mainly cryolite, cryolithionite and elpasolite, which are microscopic granular, mud-microcrystalline, forming micro-granular metamorphosis structure and mud-microcrystalline structure. The metallic minerals are mainly pyrite, magnetite, polydymite and pentlandite, which are anisotropic granular and constitute anisotropic granular structure.
Flake and fibrous crystallizing structure: graphite in anode carbon residue has good crystallizing degree, showing flaky and fibrous shape; aggregates are twisted into lumps, camboidal polygonal and other amorphous particles, which are distributed in anode carbon residue, as shown in Figures 2A, B. Anisotropic granular structure: there are very few metallic minerals in the anode carbon residue, which are mainly pyrite, magnetite, polydymite and pentlandite. The anisotropic granular structure is formed, as shown in Figure 2C. Micro-granular crystalloblastic structure: the main transparent mineral cryolite in anode carbon residue is semi-idiomorphic and other-shaped granular with particle size <0.1 mm. The particles are closely inlaid to form a micro-granular crystalloblastic structure, as shown in Figure 2D. Mud-microcrystalline structure: part of cryolite in anode carbon residue has fine crystalline particle size, showing micrite size <0.004 mm, or micrite size between 0.004 and 0.03 mm, forming mud-microcrystalline structure, as shown in Figure 2E.
[image: Figure 2]FIGURE 2 | Structure Diagram of Anode Carbon residue. (A) Flake and fibrous graphite aggregates are lumpy in reflected plane polarized light. (B) Flake and fibrous graphite is lumpy in reflected plane polarized light. (C) Pyrite is anamorphic granular in reflected plane polarized light. (D) Cryolite is microscopic granular amorphous, grain boundaries are blurred, closely inlaid, graphite aggregates embedded in them, transmission of single polarized light. (E) cryolite is mud-microcrystalline, particle size <0.004 mm, or 0.004–0.03 mm, transmission of single polarized light.
Chemical Multielement Analysis of Anode Carbon Residue
Chemical Multielement Analysis
Chemical multi-element analysis was carried out on anode carbon residue, and the analysis results are shown in Table 1.
TABLE 1 | Chemical multi-element analysis results/%.
[image: Table 1]As can be seen from the analysis results in Table 1, the content of element F, Al, Na and K in anode carbon residue is 43.27%, 11.77%, 22.44% and 2.77%. The content of Ctotal was 14.16%. Other elements mainly include Ca, S, Fe, Mg and Ni. The loss on ignition is 16.53% at 700°C, 31.00% at 1,000°C, Corganic content is 12.28%, and a small amount of Si, etc.
Analysis of Mineral Composition of Anode Carbon Residue
X-Ray Diffraction Analysis
The anode carbon residue was analyzed by X- ray diffractometer. The X-ray diffraction analysis results are shown in Figure 3.
[image: Figure 3]FIGURE 3 | X-ray diffraction analysis results of anode carbon residue.
The results of X-ray diffraction show that the anode carbon residue is mainly composed of cryolite, cryolithionite, elpasolite, fluorite, graphite, aluminum oxide, magnesium aluminate and so on. Yang et al. (2021) analysis of anode carbon residue found similar composition.
Analysis of the Mineral Liberation Analyzer
Mineral particles in anode carbon residue were analyzed and counted by MLA, scanning electron microscope and X- ray energy spectrometer to determine their mineral composition. The general analysis diagram is shown in Figure 4, and the mineral composition and content results are shown in Table 2.
[image: Figure 4]FIGURE 4 | General diagram of MLA analysis of anode carbon redidue (partial area).
TABLE 2 | Mineral composition and content table/%.
[image: Table 2]X-ray diffraction analysis shows that there are three kinds of cryolite, cryolithionite and elpasolite in anode carbon residue. Because MLA has identification defects for light element lithium, and elpasolite is in fine grid shape and evenly distributed in cryolite and cryolithionite, which is beyond the lower limit of MLA identification, it is difficult to effectively distinguish them. So in MLA analysis, the cryolite, cryolithionite and elpasolite were classified as cryolite for analysis.
According to MLA analysis, combined with X-ray diffraction analysis, rock ore identification analysis and chemical multi-element analysis, the anode carbon residue is composed of 14 minerals, among which cryolite, cryolithionite, elpasolite and graphite are the most important minerals, accounting for about 93%, followed by aluminum oxide, magnesium aluminate and fluorite, accounting for about 6%.
There was only one independent mineral of carbon, graphite, with a content of 14.35%. The independent minerals of fluorine were cryolite, cryolithionite and elpasolite and fluorite, with contents of 60.25%, 10.10%, 8.41%, and 2.12%, respectively. The independent minerals of aluminum are cryolite, cryolithionite and elpasolite, aluminum oxide and magnesium aluminate, with contents of 60.25%, 10.10%, 8.41%, 1.49%, and 2.28%, respectively. The independent minerals of sodium are cryolite, cryolithionite and elpasolite. The independent mineral of potassium is only a kind of elpasolite.
Symbiotic Relationships of Major Minerals
When the grinding fineness of anode carbon residue is −0.075 mm accounting for 49.74%, MLA is used to analyze the anode carbon residue and make statistics on the symbiosis relationship between the main target minerals in anode carbon residue, cryolite, fluorite, aluminum oxide, graphite and other minerals. The analysis results are shown in Figure 5.
[image: Figure 5]FIGURE 5 | The symbiotic relationships of major minerals. (A) The symbiotic relationship between cryolite and other minerals. (B) Symbiotic relationship between fluorite and other minerals. (C) The symbiotic relationship between aluminum trioxide and other minerals. (D) The symbiotic relationship between graphite and other minerals.
The results of Figure 5 show that the symbiosis relationship of the main minerals in anode carbon residue is relatively simple. Among them, cryolite is mainly associated with graphite fluorite, and the proportion of their common surface area is 5.07% and 2.44%, respectively. The proportion of free surface area of cryolite was 92.08%. Fluorite is mainly associated with cryolite, graphite and aluminum oxide, and the proportions of their common surface area are 49.93%, 4.23% and 0.34%, respectively. The free surface area ratio of fluorite is 45.50%. Aluminum oxide is mainly associated with cryolite, graphite and fluorite, and the proportion of its common surface area is 5.19%, 3.70% and 0.23%, respectively. The free surface area ratio of aluminum oxide was 90.88%. Graphite is mainly associated with cryolite and aluminum oxide, with a total surface area ratio of 10.81% and 0.58%, respectively. The free surface area ratio of fluorite is 88.10%.
Characteristics of Disseminated Particle Size of Carbonaceous Minerals and Fluorine Minerals
Under the condition that the grinding fineness of anode carbon residue is −0.075 mm accounting for 49.74%, the particle size of anode carbon residue and the embedded size characteristic of the main target minerals cryolite, fluorite, aluminum oxide and graphite were analyzed and statistically by using MLA. The analysis results are shown in Supplementary Figure 1.
According to the analysis results in Supplementary Figure 1, under the current grinding fineness, the cumulative distribution rate of anode carbon residue with +150 μm size is 16.50%, the cumulative distribution rate of +75 μm size is 50.26%, the cumulative distribution rate of +38 μm size is 77.38%, and the cumulative distribution rate of +19 μm size is 92.17%.The cumulative distribution rates of cryolite +150, +75, +38 and +19 μm were 18.24%, 51.55%, 78.91% and 93.70%, respectively. The cumulative distribution rate of fluorite +19 μm was 17.10%, and the cumulative distribution rate of +9.6 μm was 48.97%.The cumulative distribution rates of graphite with 150 μm size were 5.59%, +75 μm size was 29.58%, +38 μm size was 55.02%, and +19 μm size was 75.54%.The cumulative distribution rates of aluminum oxide +75, +38 and +19 μm fractions were 31.30%, 65.53% and 86.92%, respectively.
Mineralogical Characteristics of Major Minerals
The mineralogical characteristics of the main minerals in anode carbon residue were analyzed by polarizing microscope, X-ray energy spectrometer, scanning electron microscope and MLA mineral dissociation analyzer.
Cryolite
The cryolite was analyzed by X-ray energy spectrometer and MLA mineral dispersal analyzer. The X-ray energy spectrum analysis spectrum of cryolite is shown in Supplementary Figure 2, and the scanning analysis of mineral surface is shown in Figure 6.
[image: Figure 6]FIGURE 6 | Scanning view of cryolite surface.
As can be seen from Figure 6, fluoride, sodium, aluminum and calcium are uniformly distributed without obvious enrichment, while potassium is uniformly distributed, and some of them are grid-like enriched and uniformly distributed.
Polarizing microscope and scanning electron microscope were used to analyze the embedded characteristics of cryolite, as shown in Figure 7 and Figure 8.It is difficult to distinguish cryolite, cryolithionite and elpasolite, so they are classified as cryolite to describe the embedded characteristics under the microscope. Crystalline particle size of cryolite is relatively uniform, most of them are microcrystalline, and the crystal particle size is about 0.1 mm, and it is semi-idiomorphic and anisotomorphic granular. A few cryolite has fine crystal particle size, which is micrite or microcrystalline, and the crystal particle size is < 0.004 mm, or between 0.004 and 0.03 mm. The cryolite particles are closely inlaid, and the boundaries are blurred. The particles are filled with fine fluorite, and some of them are filled with micrite cryolite. The cryolite aggregates have many holes, flake and fibrous flake graphite aggregates are twisted into lumps, camboidal polygonal and other amorphous granules embedded in cryolite.
[image: Figure 7]FIGURE 7 | Polarization microscope photo of cryolite (transmitted single polarization). (A) Microgranular cryolite, closely inlaid with blurred boundaries and embedded with graphite aggregates. (B) The microgranular ice crystals are alternately distributed with micritic cryolite. (C) Graphite aggregates are distributed in cryolite. (D) The cryolite is in the form of mud-microcrystalline, and the graphite aggregates are in the form of intermittent strips, which are distributed in the cryolite. (E) microscopic granular cryolite is shaped granular, particles are closely inlaid, the boundaries are black and thick, and there are more cavities. (F) Microgranular cryolite is amorphous and alternately distributed with micritic cryolite.
[image: Figure 8]FIGURE 8 | Scanning electron microscope backscattered electron image of cryolite. (A) Fluorite filling between cryolite grains; (B) Fluorite filling between cryolite grains; (C) Fluorite filling between cryolite grains; (D) anisotropic granular cryolite particles encapsulate fine fluorite; (E) Fine-grained fluorite encapsulated in cryolite; (F) Fluorite filling between cryolite grains.
Graphite
Graphite was analyzed by X-ray energy spectrometer. The X-ray energy spectrum analysis of graphite is shown in Supplementary Figure 3. Graphite contained C 98.65% and S 1.35%.
The embedded characteristics of graphite were analyzed by polarizing microscope and scanning electron microscope, as shown in Figure 9 and Figure 10. Graphite crystallization degree is higher, the grain size is larger, flake, fibrous flake, aggregate distortion is lumpy, camboidal polygonal, sharp edges and angles, bundles and other shaped granular. Graphite aggregates are disseminated between 0.05–0.5 and 1.00–2.0 mm, and a few aggregates are disseminated between 2.00 and 3.0 mm and the maximum is 4.0 mm. Graphite aggregates are disseminated between cryolite particles.
[image: Figure 9]FIGURE 9 | Polarization microscope photo of graphite (Reflected Single Polarized Light). (A) Graphite aggregates are amorphous granules distributed between cryolite grains. (B) Graphite aggregates are twisted into clumps. (C) Fibrous graphite is twisted. (D) Graphite aggregates are amorphous granules. (E) Flake-like graphite, aggregates are amorphous granular. (F) The fibrous graphite aggregates are bundled with cryolite filling between the bundled aggregates. (G) Graphite is twisted to be lumpy and camboidal polygonal. (H) Graphite aggregates are spherical.
[image: Figure 10]FIGURE 10 | Scanning electron microscope backscattered electron image of graphite. (A) Graphite dissociated from monomers. (B) Graphite bonded to cryolite or encapsulated with fine grained cryolite. (C) Graphite bonded with cryolite. (D) Cryolite is distributed in graphite.
Fluorite
The fluorite was analyzed by X-ray energy spectrometer, and the X-ray energy spectrum of fluorite is shown in Supplementary Figure 4.
The embedded characteristics of fluorite were analyzed by scanning electron microscopy (SEM), as shown in Figure 11. Fluorite is other-shaped granular with fine particle size. The aggregates are mainly other-shaped granular and vein-like distributed among cryolite grains, and a few are granular-coated in cryolite grains and graphite aggregates with disseminated particle size <0.04 mm.
[image: Figure 11]FIGURE 11 | Scanning electron microscope backscattered electron image of fluorite. (A) Fluorite aggregates are veined between cryolite grains; (B) Fluorite aggregates are veined between cryolite grains; (C) Fluorite aggregates are distributed between cryolite grains; (D) Fluorite aggregates are veined in cryolite.
Aluminum Oxide
The X-ray energy spectrometer was used to analyze aluminum oxide. The X-ray energy spectrum analysis of aluminum oxide is shown in Supplementary Figure 5.
The embedded characteristics of aluminum oxide were analyzed by scanning electron microscopy (SEM), as shown in Figure 12. Aluminum oxide is spherical, mainly associated with cryolite, graphite, and a small amount of fluorite, and the disseminated particle size is < 0.1 mm.
[image: Figure 12]FIGURE 12 | Scanning electron microscope backscattered electron image of aluminum oxide. (A) Monomer dissociated aluminum oxide; (B) Aluminum oxide is associated with cryolite; (C) Monomer dissociated aluminum oxide; (D) Monomer dissociated aluminum oxide.
Polydymite
The results of X- ray energy spectrum analysis show that Ni57.86% and S42.14% are in Polydymite. The X-ray energy spectrum analysis spectrum of Polydymite is shown in Supplementary Figure 6.
Scanning electron microscopy (SEM) was used to analyze the embedded characteristics of Polydymite, as shown in Figure 13. The Polydymite is amorphous and stellate embedded in cryolite, with disseminated particle size < 0.04 mm.
[image: Figure 13]FIGURE 13 | Scanning electron microscope backscattered electron image of Polydymite (Polydymite as crushed granular).
Pyrite
By X-ray energy spectrum analysis, pyrite contains Fe 46.55% and S53.45%. The X-ray energy spectrum analysis spectrum of pyrite is shown in Supplementary Figure 7.
The embedded characteristics of pyrite were analyzed by polarizing microscope and scanning electron microscope, as shown in Figure 14. Pyrite is amorphous and stellate embedded in transparent minerals such as cryolite, with disseminated particle size <0.05 mm.
[image: Figure 14]FIGURE 14 | Embedded characteristics of pyrite. (A) Pyrite is anamorphic granular (plane polarized light); (B) anamorphic granular pyrite (Scanning electron microscope image of backscattered electron).
Magnetite
By X-ray energy spectrum analysis, magnetite contains Fe 72.36% and O 27.64%.The X-ray energy spectrum analysis diagram of magnetite is shown in Supplementary Figure 8.
The embedded characteristics of magnetite were analyzed by polarizing microscope and scanning electron microscope, as shown in Figure 15. Microscopic observation shows that magnetite is amorphous and stellate embedded in transparent minerals such as cryolite, and the disseminated particle size < 0.04 mm.
[image: Figure 15]FIGURE 15 | Embedded characteristics of magnetite. (A) Anisotropic granular magnetite. plane polarized light. (B) Magnetite is encased in cryolite. Scanning electron microscope image of backscattered electron.
Occurrence State of the Destination Element
Occurrence State of Carbon
The carbon grade in anode carbon residue is 14.16%, and the carbon occurs in graphite in the form of independent minerals with a distribution rate of 100%. The calculation table of carbon distribution rate in carbon-bearing minerals is shown in Table 3.
TABLE 3 | Calculation of carbon distribution rate in carbonaceous minerals/%.
[image: Table 3]Occurrence State of Fluorine
The fluorine grade in anode carbon residue is 43.27%, and fluorine occurs in cryolite, cryolithionite, elpasolite and fluorite as independent minerals, with the distribution rates of 74.16, 14.31, 9.15 and 2.38%, respectively. The calculation table of fluorine distribution rate in fluorine-bearing minerals is shown in Table 4.
TABLE 4 | Calculation table of the distribution rate of fluorine in fluorine-containing minerals/%.
[image: Table 4]Occurrence State of Aluminum
The grade of aluminum in anode carbon residue is 11.77%, and aluminum occurs in cryolite, cryolithionite, elpasolite, aluminum oxide and magnesium aluminate in the form of independent minerals, with the distribution rates of 65.51%, 12.40%, 7.99%, 6.71% and 7.39%. The calculation table of aluminum distribution rate in aluminum-bearing minerals is shown in Table 5.
TABLE 5 | Calculation table of distribution rate of aluminum in aluminum-containing minerals/%.
[image: Table 5]Occurrence State of Sodium
The grade of sodium in anode carbon residue is 22.44%, and sodium occurs in cryolite, cryolithionite and elpasolite as independent minerals, with the distribution rates of 88.06%, 8.38% and 3.56%, respectively. The calculation table of sodium distribution rate in sodium-bearing minerals is shown in Table 6.
TABLE 6 | Calculation table of sodium distribution rate in sodium-containing minerals/%.
[image: Table 6]Occurrence State of Potassium
The potassium content in anode carbon residue is 2.77%, and it occurs in the form of independent mineral in potassium cryolite with a distribution rate of 100.00%. The calculation table of potassium distribution rate in potassium-bearing minerals is shown in Supplementary Table 1.
CONCLUSION
By studying the occurrence state of the main elements in the anode carbon residue, the content of the main elements in the anode carbon residue was ascertained, and the mineral composition of the anode carbon residue was determined, among which cryolite, cryolithionite, elpasolite and graphite were the most important minerals. The co-associated relationship of the main minerals and the embedded characteristics of carbon minerals and fluorine minerals were investigated.
In the anode carbon residue, the content of carbon is 14.16%, which occurs in graphite as independent minerals. Fluorine content is 43.27%. It occurs in cryolite, cryolithionite, elpasolite and fluorite as independent minerals, and the distribution rate of the three kinds of cryolite reaches 97.62%. The content of aluminum is 11.77%, and it occurs in the form of independent minerals in cryolite, cryolithionite, elpasolite, aluminum oxide and magnesium aluminate. The sodium content is 22.44%, and it occurs in the form of independent mineral in cryolite, cryolithionite, elpasolite. The potassium content is 2.77%, and it occurs in the form of independent mineral in elpasolite. In terms of occurrence state, fluorine, aluminum, sodium and potassium minerals are mainly distributed in cryolite, cryolithionite, elpasolite, presenting a relatively concentrated distribution. Therefore, the main elements of anode carbon residue, such as fluorine, aluminum, sodium and potassium, mainly occur in cryolite, while carbon mainly occurs in graphite. Effective separation of graphite and cryolite is an effective way to recover and utilize carbon residue. Flotation method can be used to separate carbon and electrolyte mainly containing cryolite.
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