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1. Introduction

Developing chemical remediation techniques has become an increasingly important research topic due to the growth in the use of organic dyes which can be harmful to nature and human health. Catalytic reduction reaction of organic pollutant dyes (OPDs) in the presence of metal nanoparticles (MNPs) such as copper, silver and palladium is an efficient and simple method to treat polluted industrial waters. However, easily agglomeration of the MNPs impacts their efficiency and re-usability. Therefore, we used chicken eggshells as a natural resource to make hydroxyapatite (HAP) as a  eterogeneous bed with high contact surface by friendly hydrothermal and environmentally method. The HAP was coated with silver nanoparticles (AgNPs@HAP) and was used as an efficient and recyclable catalyst for the reduction of OPDs (Methylene blue (MB), 4-Nitrophenol (4-NP) and 4-Nitroaniline (4-NA)) in the presence of sodium borohydride. The reduction reaction was performed in less than 10 minutes with excellent efficiency (approximately 100%) and the reaction kinetics were investigated by change of the absorption intensity using a two- beam UV-Vis spectrophotometer. 

2. 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 ZnFe2O4@SO3H and ZnFe2O4@NH2 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 ZnFe2O4@SO3H or ZnFe2O4@NH2 (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 CaCl2. 

3. 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 ZnFe2O4@SO3H and ZnFe2O4@NH2 nanoparticles. The results showed that ZnFe2O4@NH2 nanoparticles have higher catalytic activity compared to ZnFe2O4@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.
[image: ]
Figure 1. Figure caption
Table 1. Table caption 
	Key performance indicator
	R-square
	t-stat
GtV
	t-stat
Tcell

	Energy generation
	0.9983
	298.6
	-60.6

	Power conversion efficiency
	0.8291
	32.7
	-13.7

	Energy efficiency
	0.9475
	56.6
	-19.6

	Exergy efficiency
	0.8611
	36.1
	-14.5




4. 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 ZnFe2O4@SO3H and ZnFe2O4@NH2 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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