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1. Fatty Acid Methyl Ester (FAME)
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Figure 1- Date palm of Zahidi and its seed that was used for extraction of date seed oil
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Tablel- Physical and chemical properties of date seed oil

Properties Date seed oil | Standard ASTM | Unit
physical properties
Density at 20 ° C 916 D1298 Kg.m?3
Kinematic viscosity at 40 ° C 28 D445 mm?.s*
Acid number 8.5 - Mg KOH.g™
Chemical properties
Lauric Acid (C12: 0) 21.08 - wt.%
Mistric acid (C14: 0) 13.85 - wt.%
Palmitic acid (C16: 0) 12.38 - wt.%
Stearic acid (C18: 0) 2.73 - wt.%
Oleic Acid (C18: 1) 43.23 - wt.%
Linoleic acid (C18:2) 5.94 - wt.%
Others 0.97 - wt.%
Molecular weight 784 - g. gmol™

1. Soxhlet extractor
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Figure 2- The Experimental set-up for biodiesel production from date seed oil via three heating methods of (a) conventional, (b)
microwave, and (c) ultrasonic
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Figure 3- The range of (a) yield and (b) FAME changes of produced biodiesel during the transesterification reaction with
conventional, microwave and ultrasonic heating systems
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Component Lauric acid Mysteric Acid Palmitic acid | Stearic acid Oleic acid Linoleic acid Other
o P (C12:0) (C14:0) (C16:0) (C18:0) (C18:1) (C18:2)
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Figure 4- The GC spectra of produced biodiesel from PKO under three heating methods of (a) conventional, (b) microwave, and (c)
ultrasonic
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Table 2- The results of evaluation of different models for three methods of biodiesel production from date

seed oil
In(y) =f(®) v =)
Model RMSE MAPE RMSE MAPE RMSE MAPE
Linear 12.74 15.60 - - - -
_ Vield 2FI 12.74 15.60 - - - -
© Red. Quad 3.37 2.55 5.29 3.83 2.73 2.35
o
Ei Quad 3.89 2.85 - - - -
o Linear 15.00 21.16 - - - -
S 2FI 15.00 21.16 - - - )
8} FAME
Red. Quad 3.68 3.72 6.70 5.05 4.50 5.01
Quad 3.68 3.72 - B - B
Linear 9.16 9.66 - - - R
. 2FI 9.16 9.66 - B - B
Yield
® Red. Quad 2.10 2.01 2.31 1.94 1.77 1.70
g Quad 2.10 2.01 - : ; :
g Linear 10.55 11.93 - - - -
s 2FI 10.55 11.93 - - - -
FAME
Red. Quad 2.61 2.58 2.89 2.60 2.25 2.34
Quad 2.61 2.58 - - - -
Linear 9.84 10.42 - - - -
. 2FI 9.84 10.42 - B - B
Yield
© Red. Quad 3.07 3.40 1.75 1.39 2.30 2.08
§ Quad 3.07 3.40 - - - -
g Linear 11.30 13.67 - - - -
) EAME 2FI 11.30 13.67 - - - -
Red. Quad 1.85 1.80 2.33 2.13 3.17 3.14
Quad 1.85 1.80 - - - -
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Table 3- The results of analysis of variance (ANOVA) of suggested models for three methods of biodiesel
production from date seed oil

SS PC (%) MS P-value
Source DF - - - -
Yield FAME Yield FAME Yield FAME Yield FAME
Regression 8 18.73 7100.65 97.75 96.14 2.34 887.58 0.00 0.00
x, (Temperature) 1 5.40 1851.15 28.20 25.06 5.40 1851.15 0.00 0.00
x, (Methanol) 1 3.87 | 1284.08 | 20.17 | 17.39 3.87 | 1284.08 | 0.00 0.00
x; (Catalyst) 1 0.43 152.10 2.25 2.06 0.43 152.10 0.00 0.00
§ x, (Time) 1 1.24 576.08 6.47 7.80 1.24 576.08 0.00 0.00
o x? 1 1.92 705.98 10.02 9.56 1.92 705.98 0.00 0.00
:,E, x2 1 3.92 1550.18 20.44 20.99 3.92 1550.18 0.00 0.00
E x2 1 1.33 690.60 6.93 9.35 1.33 690.60 0.00 0.00
o x2 1 0.62 290.47 3.26 3.93 0.62 290.47 0.00 0.00
Error 12 0.43 284.89 2.25 3.86 0.04 23.74
Total 20 19.16 7385.53
Regression 8 5.47 7.59 97.21 96.56 0.68 0.95 0.00 0.00
x; (Power) 1 1.15 1.47 20.49 18.75 1.15 1.47 0.00 0.00
x, (Time) 1 0.75 0.86 13.33 10.95 0.75 0.86 0.00 0.01
x5 (Methanol) 1 0.71 1.12 12.54 14.23 0.71 1.12 0.00 0.00
o x, (Catalyst) 1 0.08 0.17 1.36 2.12 0.08 0.17 0.00 0.00
§ x2 1 0.02 0.05 0.38 0.68 0.02 0.05 0.00 0.01
o x2 1 0.19 0.26 3.46 3.34 0.19 0.26 0.00 0.01
é x2 1 0.90 1.30 16.05 16.56 0.90 1.30 0.00 0.00
x2 1 1.67 2.35 29.60 29.93 1.67 2.35 0.00 0.00
Error 12 0.16 0.27 2.79 3.44 0.02 0.03
Total 20 5.62 7.86 100
Regression 10 0.73 4195.34 99.07 96.83 0.07 419.53 0.00 0.00
x, (Methanol) 1 0.01 137.88 2.02 3.18 0.01 137.88 0.00 0.00
x, (Time) 1 0.00 51.36 0.67 1.19 0.00 51.36 0.00 0.04
x; (Temperature) 1 0.00 29.53 0.02 0.68 0.00 29.53 0.06 0.08
x, (Power) 1 0.39 1880.50 52.96 43.40 0.39 1880.50 0.00 0.00
o x5 (Catalyst) 1 0.01 66.52 1.39 1.54 0.01 66.52 0.00 0.01
g x2 1 0.07 664.47 9.13 15.34 0.07 664.47 0.00 0.00
@ x2 1 0.00 39.48 0.21 0.91 0.00 39.48 0.00 0.07
g x2 1 0.00 0.00 0.08 0.00 0.00 0.00 0.03 0.05
x2 1 0.21 1143.64 29.06 26.39 0.21 1143.64 0.00 0.00
x2 1 0.03 181.96 3.52 4.20 0.03 181.96 0.00 0.01
Error 9 0.01 137.54 0.93 3.17 0.00 15.28
Total 19 0.74 4332.89 100 100
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Figure 5- Comparison between experimental and predicted values with suggested models for three biodiesel production
methods from date seed oil ((a) and (b) yield and FAME percentage of conventional method, (c) and (d) yield and FAME
percentage of microwave and (e) and (f) yield and FAME percentage of ultrasonic method)
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Figure 6- The effects of different parameters on the biodiesel production from the date seed oil via conventional method
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Figure 7- The effects of different parameters on the biodiesel production from date seed oil via microwave method
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Table 4- Optimum values of effective parameters of the conventional method of biodiesel production from the
date seed oil and comparison with the best experimental result

Temperature (°C) Methanol (mol/mol) Catalyst (wt.%) | time (min.) Yield (wt.%) FAME (wt.%)
Model 56 8 1 90 99.5 99.5
Experiment 60 6 1 90 96.4 935
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Table 5- Optimum values of effective parameters of the microwave method of biodiesel production from date seed oil and
comparison with the best experimental result

Power (W) | Time (min.) m%tl?;”oﬁ; Catalyst Wt9%) | Yield wt%) | FAME (wt.%)
Model 290 3 9 1 995 96.30
Experiment 270 25 6 1 97.6 93.30
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Table 6- Optimum values of effective parameters of the ultrasonic method of biodiesel production from date seed oil and
comparison with the best experimental result

Methanol Time Temperature Power Catalyst Yield FAME

(mol/mol) (min) (°C) (W) (wt.%) (wt.%) (%)

Model 8 75 40 300 1 99.50 99.50
Experiment 6 5 50 300 1 96.85 91.90
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Figure 8- The effects of different parameters on the biodiesel production from date seed oil via ultrasonic method
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Table 7- Comparison the results of this study with the results of other studies

oil Method Methanol Tir_ne Temperature /Power Catalyst FAME Ref.
(mol/mol) (min) (Wt.%) (wt.%)
Date seed Conv. 6 90 60 °C NaOH/1 935
Date seed Conv. 4 55 60 °C KOH/0.3 82.0 [34]
Palm kernel Conv. 6 120 60 °C KOH/1 96.0 [35]
Palm kernel Conv. 6 90 60 °C NaOH/1 95.8 [36]
Date seed Mic. 6 25 270 W NaOH/1 93.3
Palm Mic. 12 7 1250 W (65 °C) NaOH/1 99.5 [37]
Palm Mic. 9 0.5 800 W NaOH/1 83.0 [38]
Palm Mic. 12 1 800 W NaOH/3 97.0 [39]
Date seed Ultra. 6 5 300 W (50 °C) NaOH/1 91.9
Palm Ultra. 7 26 500 W (40 °C) KOH/1.25 98.0 [40]
Soybean Ultra. 6 30 400 W (45 °C) NaOH/1.5 85 [41]
Rapeseed Ultra. 40 30 130 W () SrO/3 93.4 [42]
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Modeling and assessment the effective parameters of biodiesel production
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In this study, the effective parameters on the amount of biodiesel production from date seed oil via three
heating methods of conventional, microwave, and ultrasonic were assessed. In order to carry out the biodiesel
production process, the esterification reaction using sulfuric acid as catalyst was firstly performed to reduce
the free fatty acid content of date seed oil to the standard amount for transesterification reaction. The results
showed that 1 wt.% of catalyst and 8-9 molar ratios of methanol to oil were the optimum amount for all of
biodiesel production methods. In other words, utilized method has no effect on the amount of catalyst and
methanol in the reaction. The temperature of 56 °C was selected as an optimum temperature in the
conventional heating method and the power of around 300 W provided the highest yield in both microwave
and ultrasonic methods. However, the major different was in the reduction of reaction time. It decreased from
90 min for conventional method to equilibrium point 7.5 and 3 min for ultrasonic and microwave methods,
respectively. According to energy consumption, microwave method was known more suitable than ultrasonic
method. The results of modeling presented that suggested models were in good agreement with the
experimental values. Methanol/oil molar ratio and reaction temperature in the conventional method, amount
of catalyst and methanol in the microwave method and power of ultrasonic waves in the ultrasonic method
had the highest influence on the conversion of date seed oil to biodiesel.

Keywords: Date seed oil, Biodiesel, Transesterification, Conventional heating, Microwave, Ultrasonic
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