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Extended Abstract

Introduction

In the recent years there is a high interest among the researchers to find the new and environmental friend energy
resources. Biodiesels are renewable fuels, which are considered among the best commercial fuel to replace liquid fuels
in combustion equipment. The most famous procedure of biodiesel production is through a refinery process called
transesterification. During this reaction, oil derived from a raw feedstock such as seeds and animal fats or oil derived
from a waste feedstock such as waste cooking oil or used engine oil combined with methanol. Consequently, biodiesel
feedstock availability and sustainability are the most important determining factors in the widespread application and
generalization of biodiesel. The present work aims to introduce a novel biodiesel fuel produced from Salicornia as a
low-water, drought-resistant and saltwater tolerant plant and presents the optimized oil extraction and biodiesel
transesterification process. Finally, the application results of the produced biodiesel fuel were investigated by
comparing the emission performance of synthesized biodiesel with diesel fuel in the combustion process in a liquid fuel
burner.

Materials and methods

The Salicornia plant seeds were cleaned, and washed to eliminate any sticky residue and dried at 50 °C for 24 h.
techniques including the Soxhlet method in the hexane, Clevenger system in the mixture of water/hexane, and the
ultrasonic probe method in the hexane were used for extracting oil from grounded seeds. The solid-liquid ratio of 1:3 of
gr ground seeds to ml solvent was used for oil extraction. The ZnFe;O4@SOsH and ZnFe,O4@NH; nanoparticles for the
transesterification were synthesized.

The transesterification reaction took place in a round bottom flask. Extracted oil and methanol were added together in a
ratio of 1:5 (v/v), in a total volume of 1000 ml. The heterogeneous nano catalysts of ZnFe,O4@SO3H or ZnFe,O4@NH»
(2.5 g) were also added to the mixture and heated under reflux for 4 h with stirring. After cooling to room temperature,
the catalyst was separated by a simple magnet and recovered after washing. The liquid mixture stayed for 12 h in a
separating funnel to separate the upper biodiesel from the lower glycerol layer. The biodiesel layer was washed with
distilled water and dried with CaCl,. To investigate the emission performance of the produced biodiesel, a fuel mixture
of 10% of the extracted biodiesel fuel with diesel fuel (B10) was prepared and combusted by a liquid fuel burner with a
maximum heat capacity of 120,000 Kcal/hr in a laboratory furnace and after reaching a steady state, the concentration
of carbon monoxide (CO) and nitrogen oxides (NOx) pollutant emissions were measured by a KIGAS gas analyzer.

Results and discussion

The results from the extraction methods demonstrated that the most oil yield obtained (30%) was related to the
ultrasonic probe technique. The FT-IR spectrum confirmed the synthesis of ZnFe,O4s@SOs:H and ZnFe,Os@NH,
nanoparticles. The results showed that ZnFe,Os@NH, nanoparticles have higher catalytic activity compared to
ZnFe,04@SO3H for the preparation of biodiesel. According to the GC results, the main fatty acids observed in the
composition of produced biodiesel are unsaturated fatty acids such as linoleic acid (61%), oleic acid (22.5%) and
linolenic acid (3.11%), along with saturated fatty acids including palmitic (8.4%) and stearic acid (2%). Due to the
presence of oxygen in the structure of biodiesels, these fuels have a better mixing with air, and as a result, more
complete mixing and combustion reduce the CO emission compared with diesel fuel. Also, lower heating value and
having no nitrogen component decrease the NOx emission during the combustion process of biodiesel. Compared with
diesel fuel, the emission reduction for CO and NOx were as much as 14% and 34%, respectively.

Conclusion

The extraction of seed oil of the drought-resistant plant Salicornia was done by three methods: Soxhlet, Clevenger and
ultrasonic probe for biodiesel production. The results showed that the highest efficiency was obtained from the
ultrasonic probe method. The resulting oil was converted into biodiesel in the presence of synthesized ZnFe,O4@SOs;H
and ZnFe>O4@NH: nanoparticles in reaction with methanol. Functionalized nanoparticles with amine group showed
higher efficiency for biodiesel production than nanoparticles functionalized with sulfonic acid group due to their smaller
size, more surface accessibility and more activity. The composition of fatty acids in the obtained profile of biodiesel was
also identified by gas chromatography technique. The results showed that the most important fatty acids identified are
linoleic acid, oleic acid, palmitic acid and linoleic acid. Also, the results show that compared to diesel fuel the B10
blend fuel reduces the emission of CO and NOx as much as 14% and 34%, respectively.
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