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Abstract— Red mud is a residue from bauxite processing during the production of alumina. In this paper, modification of 
this waste was studied by examining soda-lime calcination at 600-1000˚C for 2 h. The presence of sodium carbonate and 
limestone as additives revealed significant influence on the morphology, crystallinity and basicity. The modified red mud had 
accumulated large number of agglomerates and formed a unique appearance called sponge structure. The spaces between 
agglomerates were 1-5 µm, so that favorable for transesterification reaction for biodiesel production. In addition, the 
crystallinity of modified red mud was getting better during calcination and the basicity tend to increase.  
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I. INTRODUCTION 
 
Red mud is a waste generated from alumina industry 
through the Bayer process. The amount of the residue 
is very high. To produce one ton of alumina, the 
process generates around two tons of red mud as a 
by-product [1]. Generally, it is kept in tailing pond or 
flowed to the ocean. Because of the high alkalinity 
and metal contents, the residue has a potential harm 
to the environment [2].  
However, those properties will also give added value 
by proper treatment and utilization. Research on red 
mud utilization have been conducted in the 
worldwide and keep developing. Some review papers 
talked about utilization of red mud, such as for 
building material, adsorbent, coagulant, metal 
recovery, ceramic production, soil amandment and 
catalyst [1]-[3]. 
Catalyst has significant role to speed up a chemical 
reaction by lowering the activation energy of the 
reaction [4]. Research on red mud utilization as 
catalyst has been widely conducted, such as for 
hydrogenation and liquefaction process [5], 
hydrochlorination reactions [6], and exhaust gas clean 
up [7]. Aside from that, by utilizing the base property 
of this waste, it is possible to use it as a base catalyst 
for biodiesel production. 
Biodiesel is a promising alternate fuel due to its eco-
friendly nature and the possibility for its use in 
existing diesel engines [8]. To the best of our 
knowledge, only one research talked about utilization 
of red mud as a catalyst for biodiesel production [9]. 
Furthermore, in that study there was no information 
about morphology study of the prepared catalyst.  
Therefore, in the present work we studied the 
modification of red mud morphology through soda-
lime calcination for biodiesel catalyst. Morphology of 
catalyst has important role for a certain reaction [10]. 
In this study, we compared the morphology of 
calcined red mud with soda-lime additives and 
without additives. In addition, the crystallinity and 

basicity were also investigated.   
 
II. MATERIALS AND METHODS 
 
A. Materials and Procedures 
Red mud used in this study was obtained from R&D 
Centre for Mineral and Coal Technology, Indonesia. 
It was dried at 105 ˚C for 24 h in an oven to remove 
moisture content from its structure. Sodium carbonate 
was purchased from Wako Pure Chemical Industries, 
Ltd. Limestone with 94% CaO content was obtained 
from Indonesian local market. It was sieved to obtain 
fine material with the particle size of 200 mesh. 
The three components were mixed with the molar 
ratio of Na2O/Al2O3 and CaO/SiO2 were 1.5 and 2, 
respectively. The mixed componenets were then 
calcined in a tube furnace at different temperatures 
(600-1000˚C) for 2 h under a flow of air. The 
obtained catalysts were labeled as RSL-X, where X 
corresponds to the calcination temperature. For 
example, RSL-600 corresponds to the mixture of red 
mud-sodium carbonate-limestone calcined at 600˚C.   
 
B. Characterization Methods 
Red mud and the prepared catalyst were characterized 
using several methods. The crystalinity and mineral 
contents were identified by X-ray diffraction (XRD, 
Rigaku Corp., Japan Multiflex X-ray diffractometer 
with Cu-Ka radiation, λ = 1.54056Å) at 40 kV, 20 mA 
over the 2-theta range of 10–80. Thermogravimetric 
analysis (TGA) and differential thermal analysis 
(DTA) were carried out by a Thermoplus TG 8120 
(Rigaku) at a heating rate of 10˚C/min up to 900˚C.  
Morphological observations were performed using 
scanning electron microscopy (SEM, Keyence VE-
8800). Elemental composition was determined using 
inductively coupled plasma atomic emission 
spectroscopy (ICP-AES, Seiko Instruments Inc., SPS 
7800). pH value was determined according to the 
procedure in the literature [11] using a calibrated pH 
meter (Horiba, pH meter D-52).  
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III. RESULTS AND DISCUSSION 
 
A. Characterization of Red Mud 
Fig. 1 shows XRD pattern of red mud. It was found 
that this waste contains many residual minerals from 
bauxite, such as hematite (Fe2O3), gibbsite (Al(OH)3), 
nordstrandite (Al(OH)3), and quartz (SiO2). Iron 
oxide and aluminum hydroxide phases were 
commonly found in the red mud [12]. Chemical 
analysis  reveals that red mud contains Fe, Al, Si, Na, 
as well as minor constituents, such as Ti, Ca, Mg, Zr 
and Mn (Table 1). According to pH measurement, 
this waste is a highly alkaline material with pH 
around 11. 
 

Table 1. Chemical composition of red mud 

 
 

 
Fig. 1. XRD pattern of red mud 

  
B. Characterization of Prepared Catalyst 
The TG-DTA profiles for the mixture of red mud and 
the additives (sodium carbonate and limestone) are 
shown in Fig. 2. There are two endothermic DTA 
peaks occured within the interval 250-400˚C, and TG 
curve indicated that the mass loss was 8% 
corresponds to the bound water molecules removal. 
The second mass loss of 20% was detected in the 
range of 600-900˚C, corresponding to the release of 
CO2 and decomposition of some compounds. In order 
to obtain the optimal calcination conditions, the 
mixture components were calcined at 600˚C, 700˚C, 

800˚C, 900˚C and 1000˚C for 2 h. The mineral 
contents and basicity of each catalyst was analyzed 
and morphology of the prepared catalysts were 
observed to investigate the effect of the additives 
during calcination.    
Fig. 3 exhibits XRD patterns of the prepared catalysts. 
It can be seen that calcining the mixtures of red mud 
with the additives improve the crystalinity and 
mineral contents. At higher temperatures the mineral 
constituents were reducing (increasing the purity) due 
to the decomposition reaction. This situation is good 
for catalytic application since small content of 
impurities will give better activity for catalytic 
reaction [13].  
 

 
Fig. 2. TG-DTA curves of mixture of red mud-sodium 

carbonate-limestone 
 

 
Fig. 3. XRD pattern of the prepared catalyst 

 
The XRD results also conform with the value of pH 
measurement. The pH tend to increase with the 
increasing of calcination temperature (Fig. 4). During 
calcination, some minerals will decompose and only 
several minerals remain. According to the XRD 
pattern, sodium aluminum silicate and calcium 
silicate minerals still exist at high temperatures. 
Those minerals are base due to alkali content inside, 
so that they have high pH. 
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Fig. 4. Effect of calcination temperature on pH value 

 
The effect of soda-lime calcination on the 
morphology of the catalyst was observed using SEM. 
Images of the calcined catalyst at different 

temperatures reveal that it had accumulated large 
number of agglomerates (Fig. 5d-i) compare to 
uncalcined catalyst (Fig. 5a-c). These agglomerates 
form a unique appearance called sponge structure, 
and the spaces between agglomerates were 1-5 µm. 
The structures are favorable to the entry for certain 
compounds, such as triglyceride and methanol. This 
property is useful for transesterification reaction for 
biodiesel production [14]. For this study, we also 
compare with calcined red mud at 900˚C (Fig. 5j-l). 
The images show solid particles with no 
agglomeration nor sponge sturucture.   

 

 

   
 

   
 

   
 

   
Fig. 5. SEM images at different magnification of (a, b, c) RSL-uncalicined; (d, e, f) RSL-700; (g, h, i) RSL-

900; (j, k, l) red mud-900 
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CONCLUSION 
 

Sponge base catalyst was successfully synthesized 
from red mud through soda-lime calcination. The 
presence of sodium carbonate and limestone as 
additives have significant influence on the 
morphology, crystallinity and basicity. The 
crystallinity of the prepared catalysts were getting 
better with the increasing of temperature during 
calcination as well as the basicity. The morphology 
of the sponge catalysts occured due to 
agglomeration among the particles and produced 
spaces between them that favorable for 
transesterification reaction.  
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