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1- Introduction

Biodiesel, as a renewable fuel with numerous advantages
over fossil fuels, has garnered significant attention in
response to the diminishing reserves and limitations of
fossil fuels. With fossil fuels providing about 80% of
primary energy and the environmental concerns arising
from greenhouse gas emissions, replacing them with
biodiesel—which is non-toxic, possesses good lubricity, a
higher cetane number, and an elevated flash point—can
contribute to environmental protection and sustainable
economic growth.

Since vegetable oils are not directly suitable for diesel
engines due to their high viscosity, low oxidation stability,
and reduced volatility, chemical modification through
esterification has been proposed. In this process,
triglycerides are converted into fatty acid alkyl esters in the
presence of short-chain alcohols such as methanol or
ethanol and a catalyst, because the fatty acid composition
directly affects the physical and chemical properties of
biodiesel.

In the present study, to address the challenges of
conventional biodiesel production technologies—namely
high costs and moisture sensitivity—novel catalytic
methods and technologies have been examined. Among
these innovative approaches is the utilization of industrial
by-products such as red mud—a material containing iron,
silica, calcium, and aluminum—as a cost-effective
catalyst, as well as the use of magnetic catalysts based on
MgFe, O,  spinel, which are preferred over
heterogeneous catalysts due to their high efficiency and
ease of separation. Furthermore, novel synthesis methods,
such as solution combustion synthesis that harnesses the
heat from chemical reactions, have been proposed for
obtaining catalysts with enhanced mechanical, chemical,
and thermal stability. Finally, the paper details the
synthesis procedures, characterization (using XRD, BET-

BJH, FTIR, and FESEM analyses), and evaluation of the
catalysts’ performance in biodiesel production.

2- Experimental

In this study, the catalysts of interest were prepared using
two methods. In the first method, red mud (a waste product
from the Iran Alumina Company-Jajarm) was dried for one
day at 110°C without any pretreatment (sample one). For
the second sample, an initial solution was prepared by
combining iron and magnesium nitrates as oxidizing
precursors with glycine as the reducing agent. To this end,
the metallic nitrates and glycine were mixed in 60 cc of
water and stirred until completely dissolved, then heated
to 60°C to form a gel. The gel-like mixture was
subsequently placed in a vertical furnace at 400°C; within
1 to 2 minutes, as water was expelled and white smoke was
produced, a foam catalyst (MgFe, O, spinel) was
obtained.

Subsequently, the synthesized catalysts (red mud and
MgFe, O, spinel) were employed in the esterification
reaction for biodiesel production. The reaction was carried
out in a 100-cc autoclave reactor at 120°C, with a molar
ratio of alcohol to oleic acid of 1:4, using 6 wt.% catalyst
for 4 hours. The biodiesel conversion percentage was
determined by titration and acid value measurement
according to the following equation:

Conversion % = ((Acid Value (oleic acid) — Acid Value
(methyl ester)) / Acid Value (oleic acid)) x 100.

3- Results and Discussion

The XRD analysis results of the synthesized samples
showed that red mud is a complex mineral compound
containing various metal oxides such as Al, Oz , SiO, ,
and Fe, O3 . Additionally, the analysis confirmed that the
MgFe, O, spinel was successfully synthesized,
indicating that magnesium and iron oxides were not
formed separately within the spinel structure, likely due to
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the high temperature involved in the solution combustion
synthesis process.

FTIR analysis corroborated the XRD findings, revealing
that the structure of red mud is highly complex with
numerous metal-oxygen bonds, while the characteristic
bonds in the spinel were also verified. FESEM analysis
(with images shown in Figure 1) demonstrated that red
mud exhibits very low porosity, essentially being non-
porous, whereas the MgFe, O, spinel sample is
composed of numerous pores, indicating its porous nature,
despite some slight particle agglomeration.

BET-BJH analysis results were in good agreement with
the FESEM findings. They showed that the red mud
sample had a specific surface area of approximately 8.003
m?/g and a pore diameter of 67.017 nm, whereas the
sample produced via solution combustion synthesis
exhibited a specific surface area of about 62.568 m2/g and
a pore diameter of 2.205 nm. The esterification reaction
(conducted at 120°C, with an alcohol-to-oil ratio of 14, 6
wt.% catalyst, and a 4-hour reaction time) indicated that
the MgFe, O, spinel achieved a higher conversion rate
compared to red mud (Figure 2, up). In repeated
utilization, an initial decrease in spinel performance was
observed, which later stabilized (Figure 2, down). The high
specific surface area and porous structure clearly justify its
superior performance.
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Figure 1. The FESEM analyses of synthesized samples.
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Figure 2. Synthesized samples performance in biodiesel
production

4- Conclusion

The magnetic MgFe, O, spinel catalyst was designed,
synthesized, and studied to evaluate its improvement in
biodiesel conversion compared to the red mud catalyst.
The primary goal of this research was not only to observe
its positive impact on the final biodiesel conversion rate
but also to determine the most suitable catalyst for
biodiesel production through the esterification reaction.
The findings indicate that the MgFe, O, spinel catalyst
achieves significantly higher conversion efficiency
(approximately 22% more) than the red mud catalyst due
to its porous structure and higher specific surface area.
However, the lower cost and abundance of red mud (a
byproduct of aluminum production) make it an
economically favorable alternative. Ultimately, if
conversion efficiency is considered the primary factor, the
MgFe, O, spinel catalyst is a strong candidate for
biodiesel production via esterification. Nonetheless,
industrial catalyst selection must also take economic
considerations into account.
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Evaluation of Red Mud and Mg-Fe spinel as Catalysts in the Conversion of Free Fatty
Acids to Biodiesel

Elaheh Kosaripour Behgam Rahmanivahid Hamed Nayebzadeh

Abstract: In the present study, MgFe2O. spinel synthesized by the combustion method using glycine fuel and red mud
obtained from the Jajarm alumina plant were evaluated as two Fe-based catalysts in the esterification process for
biodiesel production. To investigate the physico-chemical, and structural characteristics, XRD, FTIR, BET, and
FESEM analyses were performed for both samples, and then both samples were used as catalysts in the esterification
reaction. The results of the analyses and reactor tests showed that the nano-catalyst synthesized by the combustion
method with glycine fuel was very favorable in terms of physical-chemical-structural properties and catalytic
performance in the biodiesel production reaction. Under the same reaction conditions, the conversion of the spinel
catalyst was 84.6%, while under the same conditions, the conversion rate for red mud was 62.7%. Thus, the red mud
and magnesium ferrite spinel (synthesized by the combustion method with glycine fuel) catalysts competed with each
other, with the Mg-Fe spinel catalyst performing much more effectively and showing better results compared to the red
mud catalyst for the esterification reaction of oleic acid. The results indicated that despite the red mud catalyst being
cheaper (a waste product from the aluminum production process), the MgFe,O. spinel conversion for producing
valuable biodiesel fuel was higher. However, it seems that further research is needed for an economic comparison of
these two catalysts.

Key Words Nanostructured catalyst, biodiesel, red mud, ester exchange reaction, MgFe,Q, acetylene, combustion

synthesis.
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