
International Core Journal of Engineering Volume 8 Issue 5, 2022 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0069 

 

538 

Experimental Study on Red Mud Dealkalization by Repeatedly 
Leaching with Low Concentration Acid 

Wei Wang 

School of Henan Polytechnic University, Jiaozuo 454000, China 

*952318966@qq.com 

 

Abstract 

The strong alkalinity of red mud limits its comprehensive utilization in many fields. In 
order to solve this problem, this paper takes the red mud provided by the Bayer 
aluminum oxide plant as the research object and proposes a repeatedly leaching and 
dealkalization scheme with low concentration of acid, that is, the neutralization reaction 
mechanism of red mud with low concentration of organic acid is used to achieve the 
dealkalization. During the experiment, the influence of organic acid concentration, 
leaching times and liquid-solid ratio on the dealkalization rate were investigated. 
Meanwhile, the red mud before and after dealkalization was analyzed by XRD phase 
analysis and electron microscope scanning analysis. The results showed that under the 
conditions of 0.5mol/L oxalic acid concentration and 4:1 liquid to solid ratio, more than 
80% of the alkali could be removed after two times of leaching. The pH of the red mud 
after dealkalization was about 8.1, which could be used as soil for agricultural 
application. 
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1. Introduction 

China is a major aluminum manufacturer, with the output of alumina and electrolytic aluminum 

accounting for more than 50% of the world. Red mud is the industrial solid waste residue discharged 

after alumina is extracted from bauxite. Generally, 1.0-1.5 tons of red mud is generated for every 1 

ton of alumina produced. At present, the cumulative accumulation of red mud in China has reached 

hundreds of millions of tons, the highest in the world [1]. The disposal of this waste becomes a 

problem. General slag can be treated by damming, while the damming methods commonly used for 

red mud are divided into dry stacking and wet stacking, but because of containing a large amount of 

strong alkali and alkaline pH value generally between 10.3 to 11.3 [2], alkaline substances will follow 

underwater seep into the ground, cause more serious groundwater pollution and alkaline land. 

Therefore, no matter red mud is stockpiled by dry or wet method, anti-seepage treatment should be 

done to prevent alkali infiltration from causing environmental pollution to the surrounding land [3]. 

At present, the utilization rate of red mud in the world is about 15%, while the utilization rate in China 

is only about 4% [4].The comprehensive utilization rate of red mud in China is increasing year by 

year, but there is still a gap from the target requirements. Therefore, the comprehensive utilization of 

red mud has a tight time and heavy task [5]. 

Based on the characteristics of special components and large specific surface area of red mud, the 

main ways of resource utilization of red mud are as follows :(1) recovery of valuable metals. Iron, 

aluminum, silicon, titanium, sodium and rare earth elements, which are abundant in red mud, are 

widely concerned. Due to the difficulty of resource recovery due to the particle size and high alkali 
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of red mud, the utilization of metal resources in red mud at home and abroad is mostly focused on the 

extraction and recovery of iron, titanium and rare earth elements [6].(2) the production of building 

materials, because of the rich in iron, aluminum compounds in red mud and silicate, and it can be as 

the production of cement, building brick building materials such as raw materials, in addition, red 

mud as raw material to produce sintered brick, steamed brick, ceramic glazed tile, and other products, 

the red mud curing properties, it is used as roadbed material cost is low, the performance good, it has 

certain research value [7].(3) Used for soil remediation. Red mud can be used for soil remediation. 

The addition of high-alkaline red mud can improve the pH of acidic soil. In addition, due to the good 

adsorption performance of red mud, heavy metal contaminated soil can be repaired to achieve the 

role of heavy metal solidification [8]. 

The reason why red mud can not be used on a large scale is because of its high alkali content. Making 

bricks from red mud will cause frost, and the amount used for making cement is limited due to its 

high alkali content. In order to solve the problem of difficult utilization of red mud, the top priority 

is to solve the problem of frost from red mud [9].At present, the main dealkalization methods of red 

mud are :(1)water leaching dealkalization method; (2)lime dealkalization method; (3)acid 

dealkalization method; (4) salt solution dealkalization method; (5)Other dealkalization methods [10-

11]. At room temperature, the ratio of liquid to solid is 5:1, soaking time is 1d, washing more than 5 

times can remove more than 50% of the free alkali, but can not remove the compound alkali. The 

lime dealkalization method makes use of the characteristics that the alkaline substances in red mud 

can be calcified to dealkalization, but the calcification efficiency is not ideal. Acid dealkalization is 

to use acid base neutralization to dealkalization, but strong acid will destroy the physical and chemical 

properties of red mud, affecting further utilization. Salt solution dealkalization is to replace metal ions 

in salt solution with alkali ions in red mud to achieve the purpose of dealkalization, but the product 

is complicated and affects the further recovery and utilization. Other methods, such as biological 

dealkalization, are in the research stage and have not yet formed a system, so they cannot be applied 

in industrialization temporarily. 

In this study, the method of repeated leaching of low concentration organic acids was proposed, and 

the degradation characteristics of organic acids were used to study the dealkalization of red mud, 

providing a new idea for the treatment of red mud in the future. In addition, on the basis of this 

experiment, the mechanism of repeated leaching of organic weak acid was studied. 

2. Test Content 

2.1 Test Materials 

The red mud used in this test was collected from the red mud yard of an aluminum plant in Henan 

province. Multiple batches of red mud were collected to ensure uniformity. After natural air drying, 

the red mud was ground and screened for X-ray fluorescence analysis of its chemical composition. 

The indicators are shown in Table 1. Table 1 shows that sodium is the main alkali-containing 

component. Moreover, red mud also contains aluminum, iron, calcium, titanium, vanadium and other 

metals. XRD patterns of red mud samples are shown in Figure 1. The results show that the main 

mineral in red mud is cancrinite. The analytical pure chemical reagents used in this study included 

oxalic acid, citric acid and tartaric acid, and distilled water was used. 

 

Table 1. Main chemical elements in red mud 

element Na Mg Al Si K Ca Ti Fe 

content/% 6.68 0.85 16.45 12.38 0.92 3.56 3.80 52.18 
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Figure 1. XRD pattern of original red mud 

2.2 Test Method 

Both free alkali and bound alkali in red mud can be dissolved in acid or acidic solution. In order to 

achieve effective dealkalization of red mud without secondary pollution, the eluent used in this test 

was organic acid with low concentration. Soaking test with 50 ml centrifuge tube cleaning low 

temperature drying, weigh and red mud dry sieve into the centrifugal tube, according to different 

eluent, liquid-solid ratio 4:1 join using a single concentration of oxalic acid, citric acid, tartaric acid 

and different concentration of oxalic acid leaching experiment was carried out, each of the sample set 

two parallel samples and tighten the centrifugal tube cover, after completion, tighten the cover of the 

centrifugal tube, and shake the centrifugal tube properly to make the eluent contact with the red mud 

without obvious precipitation. The samples added with leachate were divided into groups and put into 

a constant temperature oscillation chamber for 24h oscillation. The oscillation temperature was set at 

25℃ and the speed was 250r/min. After the oscillation, the sample was taken out and put into a 

centrifuge for centrifuge processing, and the speed was set at 4000r/min for 15min.After 

centrifugation, the supernatant in the centrifuge tube was poured into the funnel laid with medium-

speed quantitative filter paper for filtration. The filtered liquid was collected and numbered in the 

centrifuge tube, and then the content of sodium ion was analyzed by flame photometer. 

2.3 Design of Test Scheme 

Table 2. Design of dealkalization test scheme for red mud 

Test group eluent Concentration of eluent Liquid-solid ratio Leaching times 

L1 

Oxalic acid 

Citric acid 

Tartaric acid 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

4:1 1 

L2 Oxalic acid 0.5 

1:1 

2:1 

3:1 

4:1 

5:1 

1 

L3 Oxalic acid 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

4:1 5 
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The selection of eluent has a great influence on the effect of oscillatory leaching and dealkalization 

of red mud, so it is necessary to conduct dealkalization test on the type and concentration of eluent. 

In addition, due to the difference of the liquid-solid ratio and the number of leaching tests, the effect 

of dealkalization is also different, therefore, the ratio of liquid to solid and leaching times also need 

to be tested. The specific test design scheme is shown in Table 2. 

3. Results and Discussion 

3.1 Influence of Type and Concentration of Eluent 

Three different organic acids were used to conduct leaching and dealkalization of the original red 

mud, so as to determine the optimal leaching solution required by the test. The test results are shown 

in Figure 2 and Figure 3. 

 

 

Figure 2. Dealkalization rate of red mud with different eluent concentration in group L1 

 

 

Figure 3. Dealkalization rate of red mud at concentration of 0.5mol/L in group L1 

 

As can be seen from Figure 2, the dealkalization rates of oxalic acid, citric acid and tartaric acid all 

increased with the increase of the concentration of leach solution. However, when the concentration 

of leach solution gradually increased to 0.3mol/L, the increase trend of the dealkalization rate of red 

mud gradually decreased. It can be seen that this phenomenon is more obvious for citric acid, and the 
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maximum concentration adopted in the test is 0.5mol/L. At this time, the removal rates of the three 

eluents reach the maximum. As can be seen from figure 3, the removal rate of 0.5mol/L leachate was 

55.83%, citric acid 52.26%, and tartaric acid 54.52% when the concentration of 0.5mol/L leachate in 

the test reached 0.5mol/L. According to the leaching and dealkalization process of three organic acids, 

the leaching and dealkalization effect of red mud is oxalic acid > tartaric acid > citric acid. Therefore, 

oxalic acid was selected as the eluent in the subsequent test, and the concentration was 0.5mol/L. 

3.2 Influence of Liquid Solid Ratio 

Leaching and dealkalization tests of red mud were carried out with different liquid-solid ratios, and 

the results were shown in Figure 4. 

 

 

Figure 4. Dealkalization rate of red mud in group L2 

 

As can be seen from the figure, when the liquid-solid ratio is 1:1, the dealkalization rate of a single 

leaching is 33.48%; when the liquid-solid ratio is 2:1, the dealkalization rate of a single leaching is 

43.04%; when the liquid-solid ratio is 3:1, the dealkalization rate of a single leaching is 50.17%; when 

the liquid-solid ratio increased to 4:1, the single leaching efficiency increased to 55.83%, and when 

the liquid-solid ratio increased to 5:1, the single leaching efficiency was 57.30%.It can be seen that 

when the liquid-solid ratio is low, the removal rate is low. As the liquid-solid ratio increases, the 

removal rate also increases. However, when the liquid-solid ratio is increased to 4:1, the single 

leaching removal rate does not increase significantly, and the difference is only 1.47% compared with 

the removal rate of the liquid-solid ratio of 5:1. It indicates that the amount of oxalic acid in red mud 

is small when the liquid to solid ratio is low, which fails to completely neutralize the alkali in red 

mud, so the dealkalization rate is low. With improvement of liquid-solid ratio, dosage of oxalic acid 

also increase, dealkalization rate also increase, but when the liquid-solid ratio continues to improve, 

dealkalization rate did not appear obviously increase, explain the factors restricting the dealkalization 

rate is not a liquid-solid ratio, so the leaching dealkalization don't need to further improve the liquid-

solid ratio, at the same time, the dosage of eluent for conservation, so the follow-up test selection of 

liquid-solid ratio is 4:1. 

3.3 Influence of Leaching Times 

The red mud samples to be washed were divided into three groups of parallel samples for leaching 

and dealkalization according to the test conditions of group L3, and the results were shown in Table 

3. The average value of the results of the three groups of parallel samples was taken for analysis to 

reduce the error of the single test, and the results were shown in Figure 5. 
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Table 3. Dealkalization of red mud by oscillating leaching of oxalic acid with different 

concentrations 

Leaching times 
Sodium ion concentration of different oxalic acid leachate /μg·mL-1 

0 0.1 0.2 0.3 0.4 0.5 

1 

740 

750 

800 

2200 

2390 

2280 

3930 

3750 

3720 

5010 

5030 

4920 

5770 

5940 

5450 

6370 

6430 

6450 

763.3 2290 3800 4986.7 5720 6416.7 

2 

430 

410 

360 

2140 

2280 

2040 

2460 

2590 

2680 

3080 

3150 

3240 

3160 

2860 

3120 

2950 

2850 

2780 

400 2153.3 2576.7 3156.7 3046.7 2860 

3 

260 

220 

280 

1860 

2050 

1740 

1620 

1770 

2050 

980 

870 

830 

280 

290 

270 

220 

210 

240 

253.3 1883.3 1813.3 893.3 280 223.3 

4 

180 

160 

180 

1680 

1570 

1590 

990 

780 

830 

110 

170 

160 

40 

50 

40 

30 

30 

40 

173.3 1613.3 866.7 146.7 43.3 33.3 

5 

150 

150 

160 

1230 

1360 

1410 

180 

140 

130 

18.7  

35.7  

39.8 

14.8  

13.2  

13.2 

20.6  

22.9  

18.4 

153.3 1333.3 150 31.4 13.7 20.6 

Note: the data marked in red is the mean value of the results of three groups of parallel samples. 

 

 

Figure 5. Sodium ion concentration in red mud leachate of group L3 
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Through 5 times of leaching, it can be seen that the concentration of sodium ions in the leachate 

decreases with the increase of leaching times when different concentrations of oxalic acid are used 

for leaching. When the concentration of oxalic acid is 0mol/L and 0.1mol/L, the concentration of 

sodium ions in the leachate decreases gently. There were only 603.3μg/mL and 950μg/mL difference 

between the first and fifth rinsing respectively. When the concentration of oxalic acid is 0.2mol/L, 

there is a difference of 3650μg/mL between the concentration of sodium ion in the first leachate and 

the concentration of sodium ion in the fifth leachate. When oxalic acid concentration is 0.3mol/L, the 

difference of sodium ion concentration between the first leaching and the fifth leaching is 

4958.6μg/mL. When the concentration of oxalic acid was increased to 0.4mol/L, the difference 

increased to 5706.27μg/mL. When the oxalic acid concentration increased to 0.5mol/L, the difference 

value was more than 6000μg/mL. 

The dealkalization rate of 5 times of leaching was summarized and analyzed, and the results were 

shown in Figure 6. 

 

 

Figure 6. Dealkalization rate of red mud in group L3 

 

It can be seen from the figure that the total dealkalization rate increases with the increase of leaching 

times, but the increase is not obvious when the concentration is low. When the oxalic acid 

concentration is 0mol/L, the total dealkalization rate of 5 times leaching is only 15.27%. When the 

concentration of oxalic acid was 0.1mol/L, the total dealkalization rate changed significantly with the 

leaching times and increased approximately linearly, and the total dealkalization rate reached 80.8% 

after 5 leaching times. As the oxalic acid concentration continued to increase, the increasing trend of 

total dealkalization rate began to change, which was different from the approximate linear change of 

0.1mol/L oxalic acid concentration. When the oxalic acid concentration was 0.2mol/L, the total 

dealkalization rate increased approximately linearly during the first three times of leaching, but after 

the third time of leaching, the increase rate of total dealkalization rate decreased, and the total 

dealkalization rate increased only 1.3% after the fourth and fifth times of leaching. When the 

concentration of oxalic acid was 0.3mol/L, the change of total dealkalization rate was similar to that 

of 0.2mol/L oxalic acid leaching, and the increase rate of total dealkalization rate increased 

significantly in the first three times, but decreased after the third time. When the concentration of 

oxalic acid was increased to 0.4mol/L and 0.5mol/L, the change trend of total dealkalization rate was 

more similar, which increased significantly in the first two rinsing times. After the second rinsing 

time, the total dealkalization rate was almost no longer affected by the rinsing times. When the rinsing 

times increased, the total dealkalization rate increased only about 1%. It indicates that when the 
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concentration of oxalic acid is high, the second leaching has basically reached the limit of 

dealkalization, and further increasing the leaching times is not conducive to dealkalization. At this 

point, the pH test of the red mud dealkalization residue is 8.1, which can provide reference for large-

scale red mud dealkalization repair. 

3.4 Mechanism Analysis of Dealkalization 

In order to study the mechanism of dealkalization of low-concentration acid repeatedly leaching red 

mud, XRD analysis and scanning electron microscope were used to detect the red mud samples before 

and after dealkalization, and the samples analyzed in this study were the red mud samples of the 

experimental group L3.XRD was used to analyze the mineral composition of red mud before and 

after 0.5mol/L oxalic acid dealkalization, as shown in Figure 7. 

 

 

Figure 7. XRD patterns of red mud before and after dealkalization 

 

The results show that after 0.5mol/L oxalic acid leaching, compared with the original sample, the 

diffraction peak of cancrinite disappears, and the diffraction peaks that did not disappear decreased 

significantly, and the diffraction peak of calcite also disappears in this process. It shows that in the 

process of multiple leaching of oxalic acid, all substances in red mud that can react with acid have 

reacted, at this time, most of the bound alkali in the red mud has been removed. Some cancrinite still 

exists, indicating that cancrinite exists in the interior of the particles, oxalic acid cannot enter and 

react with it. This result is consistent with the fact that the alkali removal rate cannot be increased by 

increasing the leaching times in the experiment. 
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Figure 8. SEM-EDS of red mud before dealkalization 

 

 

 

Figure 9. SEM-EDS of red mud after dealkalization 

 

By SEM figure can be clearly seen from the SEM diagram that the surface of the original red mud 

soil sample is relatively complete and rough, and the red mud surface after dealkalization show 

incomplete state, and the surface is relatively smooth, this is because the surface of the red mud before 
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reaction was not destroyed by oxalic acid, after repeatedly washed out, oxalic acid and alkaline 

substances on the surface of the reaction, dissolve part material, make the red mud surface concave, 

oxalic acid reacts with red mud to produce gelatinous material, which makes the surface of red mud 

particles more smooth compared with the original red mud. It can be seen from the EDS spectrum 

that the content of Na is significantly reduced, indicating that the content of alkali on the particles of 

red mud is significantly reduced after repeated leaching. This result is also corresponding to the XRD 

result, which reflects the dealkalization effect of repeated leaching of low-concentration acid from 

the microscopic level. 

4. Conclusion 

(1) Under the conditions of oxalic acid concentration of 0.5mol/L and liquid to solid ratio of 4:1, the 

alkali content in the red mud decreases obviously after the second leaching, and the dealkalization 

rate can reach more than 80%. The pH of the red mud filter residue after dealkalization is about 8.1. 

(2) In the process of multiple leaching, the free alkali in the red mud is dissolved in the first leaching, 

and the bound alkali sodium, which is easy to diffusion and migration, is selectively leached out. 

With the increase of leaching times, the bound alkali is destroyed, and more sodium is leached out by 

organic acids. 

(3) The pH of the dealkalization red mud filter residue is weak alkaline, so the filter residue can be 

directly applied to the soil to realize the recovery and utilization of red mud resources, providing an 

effective method for the management and utilization of red mud. 
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