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Abstract: This study evaluates red mud, a waste by-product
of alumina production process, as a low-cost and stable
heterogeneous catalyst for biodiesel production. In order to
improve the structure and catalytic performance, the red
mud was pretreated by water washing method.
Comprehensive characterization of the sample was carried
out using XRF, XRD, BET-BJH, FTIR and FESEM analyses
and its catalytic activity in the conversion of oleic acid to
biodiesel was assessed. The results showed that pretreatment
significantly improves the physicochemical properties of the
red mud by removing excess surface ions such as Na+ as well
as metal oxides such as Fe, Si and Al. This process causes a
larger surface area available for catalytic reactions and
consequently increases the catalytic activity. In the
esterification reaction activity test, the conversion rate of
oleic acid to biodiesel increased from 62.7% to 74.6% after
pretreatment. Based on these results, red mud, after
improving its properties, can be used as an attractive and
efficient catalyst for subsequent chemical processes.
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1- Introduction

In the past century, the global economy has expanded at an
unprecedented pace. This rapid growth has driven up
fossil-fuel use and, as a result, sharply increased
environmental pollution [1-3]. Its biodegradability,
enhanced lubricity, lower particulate emissions, and
seamless compatibility with existing diesel engines have
driven widespread interest in its use as an alternative fuel.
Two key factors drive the cost of biodiesel production: the
price of the feedstock and the expenses associated with
processing. Feedstock typically represents 60-80% of the
total cost, so choosing a low-cost oil source is essential.
Switching to non-edible or waste oils can slash feedstock
expenses by two to three times, while maintaining fuel

quality.

On the processing side, catalyst development has been a
major focus. Traditional homogeneous catalysts (KOH,
NaOH) are highly sensitive to feedstock purity and
generate soap and alkaline wastewater, which complicate
separation and purification steps. Heterogeneous catalysts,
in contrast, simplify downstream operations by
eliminating neutralization, reducing wastewater, and
easing biodiesel glycerol separation [5-9]. They can also
be recovered and reused.

However, their complex synthesis often increases
production time and cost. As a result, creating catalysts
that combine high efficiency, low cost, and
straightforward preparation remains a central goal in
biodiesel research.

Red mud is the highly alkaline residue generated when
bauxite ore is refined into aluminum. Its strong alkalinity
and the vast volumes produced make safe storage and
disposal a major environmental challenge, and current
containment methods often remain inadequate.

Despite these issues, red mud harbors valuable
elements such as titanium and scandium, along with metal
oxides like iron oxide, silica, and alumina. These
constituents have attracted interest for turning red mud into
a resource for applications including pyrolysis and bio-oil
upgrading, water purification, and hydrogenation. Red
mud can be useful in this process because it has the metal
oxides that can act as catalysts [10].

However, red mud may not effectively act as a catalyst
without pre-treatment. This is because the particles stick
together and the pores get blocked. The surface area of the
mud is also not very accessible, which can be related to a
huge amount of sodium compounds. The red mud has
limited activity because of all these issues, with the
particles, the pores, and the surface area.
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Consequently, this study examined the effect of
pre- treatment of red mud by a simple water- washing
method as an inexpensive, low- cost, and environmentally
friendly approach. The catalyst produced was evaluated
through XRD and FESEM analyses, and its activity was
ultimately assessed in the biodiesel production process
from oleic acid and compared to untreated red mud.

2- Experimental

This study used red mud from the Iran Alumina Company.
The red mud was dried in an oven at 110 °Cfor 24 h. Then
the dried red mud was mixed with water at 80 °Cand stirred
for 4 h. After separation, the washed red mud was dried
again in the oven at 110 °Cfor 24 h.

3- Results and Discussion

FESEM images of the red- mud sample are presented in
Fig. 1. The red- mud specimen appears as large
agglomerates with dimensions of approximately 5 pm
and a non- porous surface. The non- porous surface and
agglomerated morphology are likely due to high surface
charges arising from the presence of alkaline ions such
as Na+, Ca2+, and van der Waals forces between
particles. This factor, attributable to the high number of
silicate groups, hinders the formation of pores and cavities
that would provide an appropriate substrate and surface for
chemical reactions. It can be concluded that

water- washing pretreatment can remove interfering ions,
open pores, and improve particle dispersion, thereby
reducing the agglomerated particles.

Fig. 1. The FESEM images of the synthesized samples

The XRD patterns of raw and treated red mud are
illustrated in Fig. 2. In the water- washing process, no
significant changes in the XRD peaks were observed,
indicating that the washing step does not alter the
material’s structure. The only effect is a reduction in peak
intensity, which is attributed to the removal of excess ions
and the disruption of the aggregated particle structure,
potentially leading to a decrease in particle size.

Elemental composition analysis of the red- mud
matrix showed the presence of iron oxide, silicon oxide,
aluminum oxide, and calcium oxide phases. The result
showed a decrease in the aluminum- rich groups (from
50% to 42%), an increase in iron (29% to 33%) and
calcium oxides (4% to 9%), and no change in silicon
dioxide (~16%). These alterations are, as previously
mentioned, due to internal structural changes, particle
penetration, and the separation of inappropriate
compounds during the washing step. This behavior reflects

the ion- exchange nature of red mud, where interlayer
cations such as Na+ and Ca2+ are readily leached into the
solvent.
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Fig. 2. The XRD plot of raw and treated red mud

Crystallite size, calculated using the Scherrer equation
from the peak at 20 = 29.6°, decreased from 63.7 nm
for the raw red mud to 55.9 nm for the treated sample.
This reduction indicates a favorable influence of the
pre- treatment on crystallite size and, probably, on the
catalytic activity of the red mud.

The activity of red mud was evaluated in the
esterification reaction of oleic acid to its ester under
conditions of an alcohol- to- oil ratio of 1:12, a catalyst
loading of 6 wt %, a temperature of 120 °C, and a
reaction time of 4 h. The esterification conversion was
increased from 62.7% to 74.6% when red mud was treated
with water. It can be referred to improvement the porosity
and the reduction of agglomerated particles of the catalyst,
which facilitates greater penetration of reactants into the
pores and enhances surface contact, thereby promoting
higher conversion of oleic acid to biodiesel.

4-  Conclusion

In this study, red mud was employed as a heterogeneous
catalyst for the esterification of oleic acid to produce
biodiesel, and the effect of water- washing pretreatment
on its structural properties and catalytic performance was
investigated. The analytical results indicated that the
structural changes in the crystal lattices were negligible,
and water washing had no detrimental effect on the overall
structure. On the other hand, the washing process affects
the porosity and surface functional bonds, which causes
the catalytic activity to increase from 62.7 %to 74.6 %
after the pre-treatment process with water. Therefore, it
can be concluded that simple and low- cost pre-treatment
methods, such as water-washing, represent an effective
strategy for optimizing industrial waste- derived catalysts,
such as red mud, for biofuel production. Further
investigations into structural modification, surface
bonding, and thermal stability of these catalysts could aid
in scaling up this class of materials for industrial
applications.
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Investigating the effect of red mud pretreatment by water on its activity in biodiesel
production

Arash Badri Hamed Nayebzadeh Behgam Rahmanivahid

Abstract This study evaluates red mud, a waste by-product of alumina production process, as a low-cost and stable
heterogeneous catalyst for biodiesel production. In order to improve the structure and catalytic performance, the red mud
was pretreated by water washing method. Comprehensive characterization of the sample was carried out using XRF,
XRD, BET-BJH, FTIR and FESEM analyses and its catalytic activity in the conversion of oleic acid to biodiesel was
assessed. The results showed that pretreatment significantly improves the physicochemical properties of the red mud by
removing excess surface ions such as Na* as well as metal oxides such as Fe, Si and Al. This process causes a larger
surface area available for catalytic reactions and consequently increases the catalytic activity. In the esterification reaction
activity test, the conversion rate of oleic acid to biodiesel increased from 62.7% to 74.6% after pretreatment. Based on
these results, red mud, after improving its properties, can be used as an attractive and efficient catalyst for subsequent

chemical processes.

Key words Red mud, Pretreatment of red mud, Heterogeneous catalyst, Biodiesel, Esterification reaction.
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