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Abstract 

Aluminum industry is one of the most important industries in 

China's nonferrous metallurgy industry. With the development of 

China’s alumina output, red mud emission get 50 million ton at 

2011. Under this condition, “Calcification-Carbonation Method” 

was put forward to deal with red mud by Northeastern University, 

the main purpose of this method is to change the balance phase of 

red mud into 2CaO·SiO2 and CaCO3 with hydrometallurgical 

process. This paper mainly research on the effect of carbonation 

conditions and steps on alumina extraction and dealkalize 

efficiency. The results indicate that: through multi-steps 

carbonation treatment of calcified slag by the new method, A/S of 

the new structure red mud lowed below to 0.24 and the Na2O 

content lowed below to 0.26% at carbonation temperature 120 , 

CO2 pressure of 1.2MPa with 5-steps carbonation treatment. The 

new structure red mud could be used in cement industry directly. 
1. Introduction 

Red mud is a kind of solid waste produced after the process 

of extracting alumina from bauxite. It’s mainly composed of 

alumina, silica, iron oxides, sodium (calcium)aluminosilicate 

hydrate, titania and other minor valuable constituents[1,2], and 

with characteristics of 20-30% solid holdup and high 

alkaline(pH10-12.5). Depending on the quality of bauxite and 

digestion conditions, between 1 to 1.25 tones of red mud are 

generated per tone of alumina produced [3,4]. As the global 

demand for alumina and aluminum, it is estimated that 2.7 billion 

tones of red mud generated as by-product after alumina extraction 

from bauxite. This amount is currently increasing approximately 

120 million tones per year [5]. So much quantity of red mud 

highlights the urgency to develop and implement improved 

methods of storage and remediation, and to pursue large scale 

utilization options of this alkali waste. 

At present, several attempts have been made for the effective 

utilization of red mud in many fields, some of these are: as 

construction materials like cement and bricks additive; land fill; 

adsorbents for removal of heavy metal and metalloid ions [6]; 

catalysts [7]; CO2 sequestration [8]; and recovery of valuable 

metals [9]. For now, the main obstacle which restricts 

comprehensive utilization of red mud is its alkaline component. 

Therefore, it is important to removal sodium alkali in red mud, 

implement red mud in some non-hazardous form. Furthermore, 

there are considerable amount of other composition such alumina, 

ion oxides in red mud, extraction and recovery these valuable 

metals will promote red mud utilized more economically. 

Most alkali lost in red mud during the Bayer digestion 

process as combine with the silicon in bauxite to form desilication 

product (DSP), this is, sodium aluminosilicate hydrate which is the 

main phase of the Bayer process red mud. Its formula 

approximately as Na2O·Al2O3·1.7SiO2·nH2O. Alumina also lost as 

generate DSP. Many literatures on recovery alumina and alkali 

from DSP have been reported. Zhong et al.[1] proposed a mild 

hydro-chemical process to extraction of alumina and sodium oxide 

from red mud, under the optimum conditions as leaching in 45% 

NaOH solution with CaO-to-red mud mass ratio of 0.25, 0.8Mpa 

at 200  for 3.5h, 87.8% of Al2O3 and 96.4% of Na2O were 

extracted from red mud. Although good results, however, the 

management of sodium concentrations as high as 45% NaOH 

solution. Zhang et al.[10,14,15] investigated recovery of alumina 

and alkali in Bayer red mud by the formation of 

andradite-grossularite hydrogarnet in hydrothermal process. In 

their study, the red mud reacted with sodium-aluminate solution in 

the presence of CaO and ferric oxide (hydroxide), the product is 

Ca3[Al, Fe]2(SiO4)3-x(O4H4)x, a kind of hydrogarnet which occurs 

with the isomorphic substitution of Al and Fe. Under optimal 
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conditions, 0.5 wt% and A/S of 0.3 in leached residue could be 

achieved with Fe-rich red mud. 

In this paper, our group put forward a new process to 

recovery alumina and alkali from Bayer process red mud and takes 

red mud in non-hazardous form at the same time. This new 

process called “Calcification-Carbonation Method” [11-13]. Firstly, 

red mud reacts with lime in hydrothermal process at 80

160 ,which is calcification process, It changes the DSP in red 

mud to calcium aluminosilicate hydrate, namely calcium 

hydrogarnet(3CaO·Al2O3·xSiO2·(6-2x)H2O). The alkali in DSP 

can be recovered in solution. The second step uses CO2 gas for 

carbonation decomposition of hydrogarnet. The phases of 

decomposition products are mainly composed of calcium silicate, 

calcium carbonate and aluminum hydroxide. Then alumina is 

extracted by the alkaline solution at low temperature. Main 

compositions in the new structure red mud is calcium silicate and 

calcium carbonate. 

2. Experimental 

Experimental materials 

The red mud used in the experiments, provided by an alumina 

production company in Shandong Province, China, was generated 

by the Bayer process for leaching of gibbsite. The chemical and 

phase analysis results of the red mud are shown in Table 1 and 

Fig.1, respectively. Phase analysis of the red mud (Fig.1) was 

performed on the PW3040/60 X-ray diffractometer. As shown in 

Table 1, the red mud is mainly composed of Al2O3, SiO2, Fe2O3 

and Na2O with A/S of 0.6. According to the XRD pattern shown in 

Fig. 1, the identified mineral phases in the red mud are 

hematite(Fe2O3), quartz(SiO2), sodium aluminosilicate 

hydrate(1.08NaO·Al2O3·1.68SiO2·1.8H2O)and nordstrandite 

(Al2O3).  

Sodium hydroxide (NaOH) and calcium oxide (CaO) used in 

this study was of analytical grade and was purchased. Research 

grade CO2 (concentration of >99% was used without further 

purification) gas cylinder was also purchased. 

Table 1 Chemical composition of red mud 

Chemical 

composition 
Al2O3 SiO2 Fe Na L.O.I 

Content, wt % 20.3 33.82 16.41 7.53 9.70 
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Fig.1. XRD patterns of red mud 

Experimental method 

a. Calcification experiment 

The calcification experiment was carried out in a WHFS-1 

autoclave, the water, lime (CaO) and red mud were put into the 

autoclave together, and the temperature of the autoclave was raised 

to the predetermined value then holding for 1 hour. After digestion, 

the temperature of autoclave was lowed to below 60 ; the 

digested slurry was separated into the solution and calcified slag 

by filtration. 

b. Carbonation experiment 

The carbonation experiment was also carried out in the 

WHFS-1 autoclave, the calcified slag was mixed with water, the 

temperature of autoclave was raised to the predetermined value, 

then pumed in CO2 holding for 2 hours. After digestion, the 

digested slurry was separated into the solution and carbonated slag 

by filtration. 

c. Alumina dissolving experiment 

The alumina dissolving experiment was conducted in the 

constant temperature water bath, the carbonated slag was digested 

with alkali solution for Al(OH)3 recovery. The concentrations of 

Al2O3 and Na2O (concentration of caustic soda) in solution and the 

content of Al2O3 and SiO2 in the new type red mud were 

determined by ICP Prodigy xp and chemical titration. 

The recovery rate of Al2O3 is expressed as: 

%100
)/(

)/()/(

O

rO

SA
SASA

           (1) 

Where (A/S)o and (A/S)r are the ratio of alumina to silica in 

original red mud and the new type red mud respectively. Then 

made the new type red mud carbonated five times to make sure 
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that the calcified slag was disposed completely. 

3. Results and discussion 

The calcification experiment was conducted in the conditions 

that 130 , liquid-solid ratio 4:1, holding time 1h, the ratio of CaO 

to SiO2 ranges from 3.3 to 1.0; The carbonation experiment was 

conducted in the conditions that 120 , 1.2 MPa, liquid-solid ratio 

10:1, holding time 2h; The alumina dissolving conditions is 60 , 

liquid-solid ratio 10:1, holding time 90min and 100g/L NaOH 

solution. 

Once Carbonation 

Fig.2 shows effect of CaO addition on Na2O content in 

calcified residue. The general trend of Na2O content decreased as 

CaO addition increases, as a result of excess CaO will promote the 

transformation of Na2O·Al2O3·1.7SiO2·nH2O to 

3CaO·Al2O3·xSiO2·(6-2x)H2O. When mass ratio of CaO to SiO2 is 

3.3, Na2O content is 0.84 in residue, the recovery rate of Na2O has 

reached 91.7%, however, the mass ratio of CaO to red mud has 

reached 1.1, its undesirable from an economic standpoint. 

Fig.3 shows effect of CaO addition on A/S in red mud 

through once carbonation and extraction ratio of alumina. The 

general trend of CaO addition effect on extraction ratio of alumina 

is inconspicuous, and with low recovery rate of alumina. The 

lowest A/S (Al2O3 to SiO2) in red mud is 0.47, corresponding 

recovery rate is about 20%. This may be due to the hydrogarnet 

has considerable stability, it is not easy to be decomposed by CO2 

through only once carbonation. 
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Fig. 2. Effect of CaO addition on Na2O  

content in calcified residue 
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Fig.3. Effect of CaO addition on A/S in red mud through 

 once carbonation and extraction ratio of alumina 
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Fig. 4. Effect of CaO addition on Na2O content  

in red mud through once carbonation 

Multi-steps carbonation 

Once carbonation did not acquired good results, therefore, we 

studied the multi-steps carbonation. Carbonation and alkali soluble 

processes were repeated several times. Fig. 5 and Fig. 6 show 

effect of CaO addition on A/S and extraction ratio of alumina in 

red mud through 5 times carbonation. Fig. 5 indicates A/S 

decreased as carbonation frequency increases, at the same time, 

more CaO addition gets lower A/S. When CaO/SiO2 is 2.5 and 1.0, 

recovery rate of alumina is 63.2% and 51.1% respectively. The 

CaO addition amount increased 150% from CaO/SiO2 1.0 to 2.5, 

however, the recovery rate of alumina increased only 

approximately 20%, and it indicates excess CaO can not increase 

the recovery rate of alumina. 
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Fig. 5. Effect of CaO addition on A/S in red  

mud through 5 times carbonation 
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Fig. 6. Effect of CaO addition on extraction ratio 

 of alumina through 5 times carbonation 

As Fig. 7 shows, Na2O content in red mud decreased as 

carbonation times increased, more CaO addition amount gets 

lower Na2O content in red mud, the Na2O content reach 0.26% 

through 5 times carbonation when the CaO/SiO2 is 2.5, but its 

remain 1.2% when CaO/SiO2 is 1.0, this indicates increase CaO 

addition amount take advantage of Na2O recovery. 
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Fig. 7. Na2O content in red mud through  

5 times carbonation 

3.3 X-ray diffraction study 

    Fig. 7 shows XRD patterns of residues after different process. 

The katoite, a kind of hydrogarnet generated after calcification 

reaction, Ca(OH)2 also appears in the calcified residue as excess 

addition of CaO in the calcification reaction. The main phase in 

carbonized residue is CaCO3 and Ca3Fe2(SiO4)3, no calcium 

silicate phase in the carbonized residue may be as its low degree of 

crystallinity in hydrothermal process. After alkali soluble, the 

phase of carbonized residue was almost invariant. 
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Fig.8. XRD patterns of red mud after different processes: (a) calcified residue, (b) carbonized residue, (c) alkali soluble residue.  

1. Ca(OH)2, 2. katoite(Ca2.93Al1.97Si0.64O2.56(OH)9.44), 3. CaCO3, 4. SiO2, 5. Ca3Fe2(SiO4)3 
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Conclusions

The Calcification-Carbonation Method is feasible when 

dealing with red mud. When mass ratio of CaO to SiO2 is 3.3, the 

recovery rate of Na2O has reached 91.7%, Na2O content in red 

mud decreased as CaO addition increases. The recovery rate of 

Al2O3 is about 20% through once carbonation. After multi-steps 

carbonation process, the recovery rate of Na2O and Al2O3 reached 

97.4% and 63.2%; A/S in red mud decreased as carbonation 

frequency increases, and more CaO addition gets lower A/S in the 

red mud.

The XRD patterns show that calcification reaction mainly 

generated kotoite, Ca(OH)2 also appears in the calcified residue as 

excess addition of CaO. The main phase in carbonized residue are 

CaCO3 and Ca3Fe2(SiO4)3. The phase of carbonized residue was 

almost invariant after alkali soluble.
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