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INTRODUCTION

For every 1 kg of aluminum produced there are 2.5-
3.0 kg of red mud created. This equates to 44 mil-
lion tons of red mud annually worldwide. 
Catalytic pyrolysis may be an alternative strate-
gy to petroleum-derived fuels and chemicals. 
Furthermore, red mud, a toxic industrial bauxite 
byproduct, may serve as a sustainable catalyst, 
thereby overcoming the need for more robust cat-
alysts. 
To test this, in situ catalytic pyrolysis was run on 
a semi-pilot scale with various ratios of red mud 
and switchgrass (Panicum virgatum) feedstock. 

OBJECTIVES

This work investigated i) red mud’s capability to 
enhance bio-oil quality, and ii) how biochar pro-
duced from in situ pyrolysis affected switchgrass 
establishment, seedling vigor, and root and shoot 
mass. 

METHODOLOGY

In Situ Catalytic Pyrolysis
Bauxite residue was dried for 24 h at 106°C, and 
sieved to a particle size of 180-850 µm. Switch-
grass was air-dried to 16 wt% MC with a particle 
size <2 mm. Four loadings of red mud were used. 
Switchgrass: red mud (RM:SG) ratios were: 0:1, 
1:5, 1:1 and 3:1 based on mass. Reactions were run 
at 500°C with 20L/min N2 carrier gas (Fig. 1).

Switchgrass Biochar Response 
A greenhouse experiment was conducted to deter-
mine if the catalytic pyrolysis rendered red mud 
environmentally benign. The “modified” biochar 
produced from pyrolysis was added to local soil 
(Etowah series; Fine-loamy, siliceous, semiactive, 
thermic Typic Paleudults) to test plant germina-
tion and vigor. Biochars were mixed at two rates 
(10 and 20 wt%). 
Germination was counted every week. After the 
6th week, shoots and roots were harvested and 
analyzed for elements in order to investigate 
nutrient uptake and composition. Scanning elec-
tron microscopy images were collected for each 
treatment.

MAIN RESULTS

CONCLUSIONS

Pyrolysis of biomass may be one viable path-
way to create renewable fuels and chemicals. 
Specifically, our findings suggest: 
1.  Red mud is able to produce a better bio-oil, how-

ever, the catalyst loading must be considered. 
2.  Red mud is effective at increasing soil pH and 

reducing the bio-oil total acid number (Table 1).
3.  Soils treated with higher loading (20%) 

resulted in reduced yield. Greatest yields 
were seen for the uncatalyzed biochar at 
10%. Soil treated with 10% red mud result-
ed in similar yields to the control (Fig. 2).

4.  Adding modified biochar (3:1 RM:SG) reduced 
yields at both high and low loading. These 
trends could be explained by sodium bioavail-
ability, considering a negative relationship was 
observed between plant growth and bio-accu-
mulated sodium (Fig. 3). 

5.  As SG:RM increased, greater secondary cell 
wall degradation occurred (Fig. 4). 

6.  The use of modified biochar as a soil amend-
ment on marginal soil may enhance fertili-
ty; however, this is highly dependent on the 
extent of loading. 

7.  This technology has the potential to create 
multiple revenue streams from a longstand-
ing waste material, however, future investi-
gation of red mud’s catalytic ability and its 
presence in the soil post-reaction need fur-
ther investigation.

Fig. 1: Illustration of the auger style pyrolysis reactor.

 
 

 

 

 

 

 

 

 

 

 

 Fig. 2: Dry matter root and shoot yield per pot per soil 
treatment. Loading of red mud (RM) to switchgrass (SG) 
is pre-pyrolysis. The resulting biochar was added on a 
weight basis to the soil. Different letter denotes signifi cant 
difference within 5% confi dence.
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Fig. 3: Root and shoot yield per pot as a function of 
sodium content.

Table 1: Bio-oil properties and composition with respect 
to red mud (RM) loading in switchgrass (SG) feedstock.

Red  Mud  :  
Switchgrass AMTAN¶ pH C% H% C/H O%* H2O% Ash%

Heat  of  
Combustion
(kJ/kg)†

No  Catalyst 75 2.7 38.2 7.5 5.1 8.1 46.2 NA 23.1
1:5  RM:SG 83 3.8 21 8.2 2.6 9.8 61 NA 21.0
1:1  RM:SG 54 3.7 13.7 8.7 1.6 5.6 72 NA 19.9
3:1  RM:SG 39 4.3 8.4 7.2 1.2 2.5 81 0.88 18.8
*determined by mass difference.
† based on hydrocarbons.
¶ TAN= aqueous modified total acid number.

Fig. 4: Scanning electron microscope images of 
switchgrass biochar particles taken at approximately 85-
250 X magnifi cation. Material was pyrolyzed under auger 
style pyrolysis reactor and mixed at various red mud to 
switchgrass ratios i.e., 0:1 (a), 1:1 (b), 3:1 (c), and 5:1 
(d), respectively.


