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(57) Abstract: The invention relates to the metallurgical industry, specifically to the acid treatment of red mud obtained 
in the process of producing alumina, and can be used in technologies for recycling waste from alumina refinery holding 
ponds. The method for the acid treatment of red mud involves leaching using a leaching agent comprised of water-sol 
uble aliphatic carbonic acids having fewer than 3 carbon atoms per molecule, filtering the solution, and separating the 
recoverable end products. To ensure a high level of recovery of valuable components and the increased productivity of 

- the process, leaching is conducted with the addition of red mud in portions and with the control of pH values, and when 
a target pH value of between 2.3 and 3.8 is reached, no more red mud is added, and once leaching is complete, the solu
tion is kept at a given leaching temperature for no less than one hour.  

(57) PeqpepaT: (57) H3o6peTeHHe OTHOCHTCq K MnTapoIypHhmCKON HpO IeIICHHOcTH, a HMeHHO, K KHCJIOTHOH 

Hn nepepa6oTKe KpacHlIX mIaMOB, noJiyqaeMIX B npouecce HpIOH3BO4CTBa rJIHHO3eMa, H MoXCeT IIpHMCHITC B 

TeXHOJIOFHAX yTHJIH3aIHH OTXO4OB HJIaMOBBIx noJIeH TJIHHO3eMHIX 3aBOAOB. CHocoO KHCJIOTHON nepepa6OTKH 
KpacHlIX HJIaMOB BKJnOCaeT BhIWIIJIHBHHe C HCnOJb3oBaHHeM B KalecTBe BbIiJIalOIITOm peareHTa 
BO4OpaCTBOpHMhIX Kap60HOBlIX KHCJIOT cHpHOTO pwra c MHCJIOM aTOMOB yriTepoga B MoJIeKyJIe MeHee 3, (UHJITpaIuHIO 

pacTBopa H pasgeneHHe H3BJIeKaeMhIx IeiIeBbIX HpOAyKTOB. IjJIq oOeceeHH BhICOKON cTeneHH H3BJIeeHH eIIHHbIX 

KOMHOHeHTOB H yBeJIHeHHe HpOH3BO4HTJIHOCTH npouecca BhIUiJIaMHBHHC HpOBO45JT HpH HOPIHOHHOM 

4o6aBJIeHHH KpaCHOrO mJIaMa C KOHTpOJIeM 3HaHHH pH, UplH 4ocTH eHHH 3aaHHOrO 3HaqeHH pH, paBHOro 2,3-3,8, 
4o6aBJIeHHe KpaCHOrO mJIaMa npeKpaIIOT, HO 3aBepmeHHO BhIhIIRHBIHHJ pacTBOp BhIJARCHBRIOT HpH 3aaHHoN 

TeMiepaType BhIhIIRHBIHHJ He MeHee 01100 qaca.
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METHOD FOR THE ACID TREATMENT OF RED MUD 

[0001] The invention relates to the metallurgical industry, namely, to the acid treatment of red 

mud produced during alumina production, and can be used in technologies for recycling waste 

from alumina refinery holding ponds.  

[0002] Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common general 

knowledge in the field.  

[0003] A method is known for treating red mud from alumina production by leaching with 

sulfuric acid to transfer valuable components into solution (RU, patent 2140998, C22B7/00, 

C22B59/00, published 11-10-1999). The leaching is carried out with sulfuric acid at a 

concentration of 74-100 g/L at a temperature not lower than 640C.  

[0004] A drawback of said method is that within the stated temperature and concentration 

ranges, a degree of extracting the main valuable component, scandium, into solution of greater 

than 50% is not achieved, since beyond these limits, the limiting factor is slurry "plastering" - its 

transformation into a thick, viscous mass, making it extremely difficult to separate the end 

product, the scandium-containing solution.  

[0005] The closest to the claimed method is a method for recovering aluminum, calcium, and 

rare earth metals from the red mud from alumina production, including acid leaching, filtering 

the solution, and separating the recoverable end products (RU, patent 2048556, C22B21/00, 

C22B26/20, C22B59/00, C01 F7/02, publ. 11-20-1995). The leaching is carried out using as the 

leaching agent water-soluble aliphatic carboxylic acids with fewer than 3 carbon atoms in the 

molecule at a weight ratio of the dry solid and liquid phases of 1:(4-18), and acid concentration 

of 3-25% at a temperature of 30-800C for 0.5-3 hours. An aqueous solution of formic acid 

(HCOOH) and an aqueous solution of acetic acid (CH3COOH) with various concentrations are 

used as the leaching agent.  

[0006] A deficiency of said method is the lack of pH control, which is a crucial informative 

parameter for leaching process control, because the precipitation of metal hydroxides occurs in 

very narrow ranges of acidity. Thus, TiO(OH)2 even at pH = 2 is completely converted into the 

solid phase. Fe(OH) 3 starts to partially precipitate at pH = 1.5 and precipitates entirely at pH = 

4.1. AI(OH) 3 is completely soluble at pH < 3.2. As a result, the control of the red mud leaching 

process being a complex multicomponent system is very difficult. Moreover, the variable content
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of alkali in the original mud does not make it possible to accurately predict the acidity and other 

properties of the resulting suspension. It should also be noted that the aliphatic carboxylic acids, 

including formic and acetic acid, are capable of holding the silicon compounds in solution with 

the formation of poorly separable colloidal residues of amorphous silica.  

[0007] It is an object of the present invention to overcome or ameliorate at least one of the 

disadvantages of the prior art, or to provide a useful alternative.  

[0008] It is an object of the invention in its preferred form to optimize the conditions for 

leaching red mud with acids during mud processing.  

[0009] According to one aspect of the invention, there is provided a method for the acid 

treatment of red mud comprising leaching using as the leaching agent water-soluble aliphatic 

carboxylic acids with fewer than 3 carbon atoms in the molecule, filtering the solution, and 

separating the recoverable end products, wherein the leaching is carried out with the batch 

addition of the red mud with pH control, when a target pH of 2.3-3.8 is reached, stopping the 

addition of red mud, and upon completion of the leaching, keeping the solution at a given 

leaching temperature at least for one hour.  

[0010] Unless the context clearly requires otherwise, throughout the description and the 

claims, the words "comprise", "comprising", and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including, 

but not limited to".  

[0011] The acid treatment of red mud with maximum recovery of valuable components, a 

high process productivity, and an efficient separation of the resulting suspension into solid and 

liquid phases is achieved by controlling the pH, conducting the leaching at a given pH of 2.3

3.8, and keeping the solution at the given leaching temperature upon its completion.  

[0012] The pH value of 2.3-3.8 is determined based on the concurrent provision of conditions 

for a high productivity of the acid treatment process and conditions for the subsequent filtration.  

At a pH value less than 2.3, the amount of red mud introduced into the process and treated is 

small. At a pH value greater than 3.8, the subsequent filtration is difficult, primarily because of 

the presence of highly dispersed amorphous silica, with substantially no filtering, and the start of 

the separation of highly dispersed aluminum hydroxide.  

[0013] The method for the acid treatment of red mud was performed as follows.
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[0014] The original red mud contained, %: SiO 2 9.3; A120 3 12.4; Fe2O3 44.3; TiO 2 4.4; P205 

0.75; CaO 13.6; MgO 0.93; Na 2O 2.9; K20 < 0.15; V20 5 0.09; Cr 2O3 0.05; MnO 0.52; S03 2.8; 

rare earth metals (total) 0.14; Sc 9.0.10-3.  

[0015] Leaching was carried out using as the leaching agent water-soluble aliphatic 

carboxylic acids with fewer than 3 carbon atoms in the molecule, namely, an aqueous solution 

of formic acid HCOOH, an aqueous solution of acetic acid, CH 3COOH, and mixtures thereof.  

[0016] A temperature-controlled reactor having a stirring device and pH sensor was filled 

with a 15% solution of formic acid and/or acetic acid, the temperature was adjusted to 800C, 

and then red mud was added in small portions with continuous pH monitoring. The procedure 

was terminated when a predetermined suspension acidity was reached (within the pH range = 

1.6-4.0), but stirring was continued for another hour after the last portion of the mud was added.  

Next stirring was stopped and the suspension was kept at the same temperature for another 

hour. The solid precipitate was then separated from the liquid by filtration, after which the solid 

and liquid phases were analyzed to determine the extent of recovery of the most valuable 

components in the solution.  

[0017] The table below provides the recovery rates achieved by the above method for 

aluminum, scandium, and the rare earth metals, depending on the pH of the slurry after 

completion of the leaching process. The results obtained for both acids individually and for their 

equal-volume mixture differ insignificantly. With a shift to the alkaline side (increase in pH), a 

slight decrease in the recovery rate is observed, but process productivity improves at first 

sharply to a pH = 2.3, and then more slowly to a pH = 3.8. At pH = 4.0 filtration becomes 

impossible due to the accumulation of a colloid consisting primarily of amorphous forms of 

silicon and aluminum compounds. As a result, it turned out that the optimal pH values at which 

red mud addition can be stopped are within the range of 2.3-3.8 for any combinations of acetic 

and formic acids.  

[0018] In the industrial implementation of the method, the selection of the acids is determined 

only by their cost and availability. Compounds of aluminum, scandium, and rare earth metals 

found in solution are then recovered by known methods.
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Table 

pH of Recovery in solution, % Productivity of mud 

No. suspension Rare earth acid treatment 
after process Al Sc metals process, 
completion (total) g/dm3 -h 

Formic acid 

1 1.6 71.5 74.4 57.2 16.7 

2 1.8 71.0 73.8 56.8 102.9 

3 2.3 70.3 73.1 56.2 203.7 

4 2.8 69.5 72.3 55.6 235.6 

5 3.3 68.8 71.6 55.0 245.7 

6 3.8 67.5 70.2 54.0 248.8 

7 4.0 Suspension not filtered 

Acetic acid 

8 1.6 65.0 67.7 52.1 15.2 

9 1.8 64.5 67.1 51.7 93.5 

10 2.3 63.9 66.5 51.2 185.2 

11 2.8 63.2 65.8 50.6 214.2 

12 3.3 62.5 65.1 50.1 223.4 

13 3.8 61.4 63.9 49.1 226.2 

14 4.0 Suspension not filtered 

Mixture of formic and acetic acid in a 1:1 proportion by volume 

15 1.6 67.6 70.3 54.1 15.8 

16 1.8 67.0 69.8 53.7 97.2 

17 2.3 66.4 69.1 53.2 192.5 

18 2.8 65.7 68.4 52.6 222.6 

19 3.3 65.0 67.6 52.0 232.2 

20 3.8 63.8 66.4 51.1 235.1 

21 4.0 Suspension not filtered
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[0019] Thus, the invention in its preferred form advantageously provides a method for the 

acid treatment of red mud with a relatively high degree of valuable component recovery and to 

increase the productivity of the process.  

[0020] Although the invention has been described with reference to specific examples it will 

be appreciated by those skilled in the art that the invention may be embodied in many other 

forms.
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CLAIM 

1. A method for the acid treatment of red mud comprising leaching using as the leaching 

agent water-soluble aliphatic carboxylic acids with fewer than 3 carbon atoms in the molecule, 

filtering the solution, and separating the recoverable end products, wherein the leaching is 

carried out with the batch addition of the red mud with pH control, when a target pH of 2.3-3.8 is 

reached, stopping the addition of red mud, and upon completion of the leaching, keeping the 

solution at a given leaching temperature at least for one hour.
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