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Red mud is a highly alkaline solid waste discharged in the alumina production process. The comprehensive utilization of

Bayer red mud is mainly divided into the following aspects. (1) Building materials include the use of red mud for the

production of cement or concrete; road cornerstones or pavement materials in road construction; and geopolymers,

ceramics, or composites. (2) Applications in the environmental field include the use of red mud to remove heavy metals

and improve acidic soils. (3) Applications in the chemical industry include the use of red mud to produce dyes, catalysts,

coagulants, or adsorbents. (4) Recovery of valuable components from red mud includes recovery of alkali and extraction

of elements, such as aluminum, iron, titanium, and scandium, and important metals, such as vanadium and gallium.
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1. Building Material

The main components of red mud are alumina, silicon oxide, iron oxide, titanium oxide, calcium oxide, magnesium oxide,

and sodium oxide , which are small in volume and have some stickiness, plasticity, and formability. Silica, calcium oxide,

and aluminosilicate contained in red mud have good hydraulic activity, so they can be used to prepare building materials

. At present, the main applications of red mud in the field of building materials are the preparation of bricks, cement,

glass ceramics, etc. .

The specific process of using red mud to prepare bricks is to mix red mud, shale, and slag evenly in proportion; then cut

into blanks; then bake through drying, preheating, and “low-temperature slow-burning” technology; and finally, heat

preservation and cooling. Sintered brick products are obtained . Figure 1 shows the process of applying red mud to

produce sintered bricks. The bricks prepared using red mud as raw material meet the requirements of building bricks in

terms of compressive strength, density, and flexural strength. The production cost is low, and a large amount of red mud

can be consumed. However, due to the high alkali content of red mud, the prepared bricks are prone to “frost”, which

affects the strength of the bricks, thereby affecting the aesthetics and service life of the building . There are also some

radioactive zircon and monazite in the red mud, which can cause the bricks to exceed radiation levels and affect human

health. In addition to sintered bricks, red mud can also be used to prepare permeable bricks. A company in Shandong,

China, built a production line with a daily output of 3000 m  of permeable bricks, effectively solving the problem of

leaching alkali and heavy metals from red mud. The company’s products have been mass-produced, and indicators such

as radioactivity and heavy metal leaching of the products meet or are better than the requirements of building materials

but will be limited by the transportation radius and the scope of use.
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Figure 1. The process of applying red mud to produce sintered bricks.

Red mud contains a large amount of alumina, silicon oxide, and iron oxide, so it can be used to replace part of the raw

material to produce silicate cement or aluminate cement clinker. Studies have shown that the iron and aluminum

contained in red mud can significantly improve the setting properties and strength of cement . In addition, the titanium-

containing fraction contained in red mud can also be beneficial for properties such as the setting strength of cement .

Singh et al.  used gypsum and bauxite blended red mud from Indian Aluminium Company Limited to prepare a special

cement clinker. The sodium alkali contained in red mud limits its admixture as a raw material for cement preparation.

Tsakiridis et al.  and Vangelatos et al.  used red mud to prepare silicate cement, and the results of semi-industrial

tests showed that the maximum admixture of red mud without dealkalization was only 5%, which could not fundamentally

solve the current problem of a large amount of red mud generation and stockpiling.

In 2020, HINDALCO, the world’s leading aluminum producer, announced that it would use red mud to produce cement

clinker, with a target consumption of 2.5 million tons of red mud per year . Although the compressive strength of cement

prepared from red mud is better than that of ordinary cement, it is also prone to “frosting” when used in buildings because

of its strong alkalinity and difficulty in removing it, reducing the service life of buildings . Microcrystalline glass

with high hardness, high bending strength, and excellent acid and alkali resistance can be prepared by using high iron red

mud as raw material and mixing with quartz and talc additives, but the preparation process has high energy consumption,

and the alkalinity and radioactivity in red mud can also affect the use field of microcrystalline glass . In addition,

the direct use of high-iron red mud in the field of building materials will lead to the waste of metal resources such as iron,

aluminum, and titanium in red mud, and the value of utilization is greatly reduced. Therefore, before the preparation of

construction materials, the high-iron red mud must be dealkalized, and then after the extraction of valuable metals such as

iron and titanium from the high-iron red mud, the remaining alumina, silicon oxide, calcium oxide, and magnesium oxide

enter the tailings, which can eventually be used to prepare construction materials. This process not only can eliminate the

problem of “frosting” in the preparation of building materials from tailings but can also recover the valuable metals in the

high-iron red mud and achieve the purpose of the large-scale, low-cost, high-value, and comprehensive utilization of high-

iron red mud . Wang et al.  from Northeastern University presented a new method for producing low-carbon

cement using iron tailings from high iron red mud extraction. Using high iron red mud calcified dealkalized tailings as raw

material, smelt reduction was used to achieve an iron recovery rate of 97.6%. Water-quenched slag was used in cement

production, significantly reducing energy consumption and CO  emissions from the decomposition of limestone during the

calcination of cement clinker. The CO  emissions per ton of cement clinker can be reduced by 400 kg under the condition

that the water-quenched slag is mixed at 50%. The method has guiding significance for the large-scale treatment of high-

iron red mud. Figure 2 shows the process of applying red mud to produce low-carbon cement.
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Figure 2. The process of applying red mud to produce low-carbon cement.

2. Agriculture and Environment

In addition to alumina, silicon oxide, and iron oxide, red mud contains elements such as phosphorus, calcium, and

magnesium that provide nutrients for crop growth and can be used to improve soil or produce fertilizers . Red

mud is strongly alkaline and therefore can be used to adjust the pH of acidic soils . The iron and aluminum mineral

fractions contained in red mud are beneficial for enhancing the phosphorus fixation effect of the soil and contribute to the

growth of microorganisms and plants in the soil. In addition, the strong adsorption properties of red mud can be used to

treat soil contaminated with heavy metals and serve as a solidification of heavy metals. Summers et al.  used red mud

for the improvement of acidic soils and showed that the addition of red mud effectively neutralized the acidity of the soil

and effectively inhibited the loss of phosphorus, thus promoting the growth of forage grasses. Snars et al.  and Menzies

et al.  studied the use of red mud, gypsum, sludge, and sewage to remediate contaminated sandy soils, and the results

showed that after remediation, the levels of exchangeable sodium and aluminum in the soil could be effectively reduced

and that the remediated sandy soil was suitable for vegetation growth. Although the use of red mud to improve soil has

good results, it is only applicable to acidic or heavy-metal-contaminated soil. This method uses a small amount of red mud

and has strong pertinence, which cannot achieve the purpose of the large-scale treatment of red mud.

Bayer red mud is the solid waste of the alumina industry; if it is used in the environmental field, it not only can achieve the

purpose of environmental treatment but can also realize the green and sustainable development of treating waste with

waste. The main applications of red mud in the environmental field are exhaust gas treatment and wastewater treatment

. Red mud is characterized by a small particle size, large specific surface area, and high content of effective sulfur

fixation components such as alumina, iron oxide, calcium oxide, magnesium oxide, and sodium oxide, so it can be used to

treat waste gases containing pollutants such as H S, SO , and NO  . Exhaust gas treatment is mainly divided into dry

and wet treatments . The dry treatment uses the characteristics of red mud, such as a large void size and high

surface mineral activity, to directly adsorb waste gases. Wet treatment involves the passage of sulfur-containing waste

gas into a red mud slurry, using the alkaline substances contained in the red mud to react directly with the acidic gas in

the waste gas to absorb the sulfur-containing waste gas and achieve desulfurization. The reaction with acidic sulfur-

containing waste gas can remove the alkalinity in red mud and at the same time realize the sustainable development of

waste management .

Research shows that with dry desulfurization, 1 kg of red mud can adsorb 11.3 g SO , and the desulfurization rate is

approximately 50%, while wet desulfurization is better than the dry method, and its desulfurization rate is as high as 90%.

Red mud has a high water content at the time of discharge, and dry desulfurization requires drying the red mud and

grinding it into fine particles, which increases the cost of waste gas treatment . Moreover, small particles of red mud are

prone to agglomeration, which is likely to cause clogging of the pipeline and limit the application of red mud in the dry

process of waste gas treatment. Since the red mud is discharged with a large amount of water, it facilitates the realization

of wet desulfurization. Using wet red mud as raw material, Chen et al.  investigated the process of absorbing industrial

SO  exhaust gas using a packed absorption tower. The process is simple to operate and has an obvious desulfurization

effect, which can reduce SO  exhaust gas with concentrations over 400 mg·m  to 150 mg·m  and can reach a maximum
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of 1 kg of red mud absorbing 28 g of SO , with an absorption efficiency above 95%. The main role in the absorption

process is played by the neutralization reaction, while a part of the physical absorption also occurs. The red mud slurry

that absorbs SO  can be used to prepare geopolymers. Nie et al.  mixed desulfurized red mud with a type of fly ash in

a ratio of 1:1 for 10 min and then added different concentrations of alkaline reagents with a liquid-to-solid ratio of 0.5.

Finally, it was cured and molded in a plastic mold. Figure 3 shows the process of applying red mud after desulfurization to

the preparation of geopolymers.

Figure 3. The process of applying red mud after desulfurization to the preparation of geopolymers.

In addition to being used for waste gas treatment, red mud can also be applied for wastewater treatment. Red mud has a

high porosity, a large specific surface area, and a pore-like structure, which allows it to adsorb some heavy metal ions or

other substances. Additionally, it can play an active role in ion exchange and increased chemical activity. For example, red

mud was prepared as a wastewater treatment agent after modified treatment for the adsorption of heavy metal ions (Cd ,

Ni , Pb , Cu , Cr , etc.), nonmetal ions (F , PO -, As , As , etc.), and radioactive elements (U, Sr, Th, Cs, etc.)

contained in wastewater . Han et al.  used modified red mud as an adsorbent to adsorb Cr  in wastewater, and the

results showed that adsorption equilibrium could be reached by using a 10 g·L  red mud addition at 20 °C for 2 h at pH =

2. The removal rate of Cr  from wastewater exceeded 96%, which achieved a high removal and purification effect.

However, there are still many problems to be solved in the use of red mud for wastewater treatment. Red mud is strongly

alkaline, and its direct application will cause the secondary pollution of water bodies, so it needs to be modified by

acidification and activation before it can be used for wastewater treatment. This would increase the cost of treatment and

limit the application of red mud for wastewater treatment .

3. Chemical Industry

The main applications of red mud in the chemical industry are the preparation of catalysts, ceramics, and filler materials

. Red mud has a fine particle size, a porous internal structure, and a large specific surface area, so it can be

modified to prepare industrial catalysts. Sushil et al.  reported the study of red mud modified as a catalyst to be used

for catalytic hydrogenation, methane degradation, and hydrochlorination with some results. Porous ceramic materials

prepared from red mud can be used in water treatment processes . Xu et al.  prepared ceramic filter media with red

mud as the main raw material, which can replace quartz sand filter media for the water treatment industry. The

experimental results showed that the ceramic filter media prepared with red mud can adjust the particle size and specific

gravity, the decontamination efficiency is much greater than that of quartz sand, and the performance indexes are up to or

better than the national standard, which has good application prospects. Although the economic value of red mud for the

preparation of catalysts or ceramics is high, the amount of red mud applied in this field is relatively small. Compared to

Chinese annual red mud production of more than 100 million tons, applications in the chemical industry can only utilize a

very small portion of the red mud and cannot fundamentally solve the problem of red mud discharge and stockpiling.
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