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Figure 1- Graphical summary of the event of bubble formation, bubble growth and subsequent collapse over several acoustic
cycles[21]
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1. Ultrasound
2. Mass transfer
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Figure 2- Titration using phenolphthalein detector
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1. Non-edible rapeseed oil

2. Puls

3. Amplitude

4. Response Surface Methodology
5. Box Behnken
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Table 1- Fatty acid profile of none-edible rapeseed

Properties Unit Amount
Palmitic (C16:0) wt.% 4.30
Palmitoleic (C16:1) wt.% 0.19
Stearic (C18:0) wt.% 221
Oleic (C18:1) wt.% 65.94
Linoleic (C18:2) wt.% 17.32
Linolenic (C18:3) wt.% 6.05
Other fatty acids wt.% 3.99

Mean molecular weight of used oil gr.mol™?* 882.92
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1. Boron tri fluoride
2. Gas chromatography
3. Profile
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Figure 3- The set-up for ultrasonic assisted biodiesel-diesel production process: (1) schematic, (2) apparatus
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Table 2- Physicochemical characterization of none-edible Rapeseed biodiesel

Property Test Method Limits Units Measured Property
Water and Sediment ASTMD2709 Max 0.05 %volume <0.004
Density at 15°C ASTM D4052 0.86-0.90 g/cm3 0.88
Kinematic Viscosity @ 400C ASTMD445 1.9-6.0 mm2/s 4.65
Oxidation stability EN 14112 Min 3 h 3.2

Flash Point, Closed Cup D93 Min 130 oC 213

Pour point ASTM D6751 -15t0 10 oC -9

Acid Number ASTMD664 Max 0.50 mgKOH/g 0.29

Mg gm0 aalgi jglidods ugSme (s gamlSandy il (il )5 (ST ool
Obox Jskie 5 9 (8L 89y sl e (o sSe ogemslSiy il (uili (iSTy Sy 90 g5 STy 9o al> e
a5 08 L SO s o sl e 0,5 00 ol a5 cal &g s (S Ty el (65L candUlS jga> o ' TMP)
@ by ailas 5ol ools [il38l wgndis a0 £ b iwl e gles ol a5u ) g 48,5 |18 feq, slas SO S
4,0 7 Shon okt 65 w93 sled) b 00938l il e a4 Glon okt 65 (atie lime 4 osle 3938
byl ay Ul wo)s V ead pd sl e 515 p0 JolS 508 0hisy sk 653 40T 1 g (el ognds
aS Las ol 4y o)l ples Covgame Dgol )8 oSl s pudais axy0 Vo (g5, )65, plom slod 5 ouls adlal STy
S o olomgl ] gl 21 1S 55 el YU STy sl slos 151 g bl 4l volio o Shae Yl (sloo ;8 wlyi ool
53 eorlnle oo Y ) STy slos 5 998 oo ads &)l (gl gls oy ST 50 SSgul Al Sl eolitul a3 155
B Il JB1s Dgal b olRiws g p s 0 il (mgadis 4253 Ve (5, 23Sy adgl sled Sl 0m adg ASTs
obiiods Dgol B olKiwd A gie e 3 055 M ol jebay b b o oolitul pgate sla iy 5l g ol esls
Jstee 5 )lg50m Olgn Jskeie (65 9 sl Jeie o 25Ty 51 50 0l g,y STy Jolome J2bs g0l 3 2lgel 2y
Jgtie Sl o3V A 098 oo Dguine (LalBl g wad oo RS (591,50 Sl Joibie 092g 095 0 ods
2l g Cenl eyl osle S Jgilie rizren iloy (B g5, B SISl 50 5 098 Bda (il Jpaze plsiea
5t 59,5 Dlase sl 6rsmilaiS 4 ol Ol (65185 b W 058 Jams )15 5 955yl ISlg 50 51 il plSn
e 90 b by, S5 caey cdind (] o b oslitl 3T aige lgled <S5 Lo UCA500 Jow 55535 ans
el 5| s g o (B b 50 0adadss Silg,0m 5 390 )1 NS comy Aoy 5 055 0 Jplia 1Sl plox

1. Trimethylolpropane
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Figure 4- Biolubricant production process from biodiesel using ultrasonic
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1. Hydrogen — Nuclear Magnetic Resonance
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Figure 6- 1H-NMR spectra of Non- edible rapeseed biolubricant
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Table 3- Selected independent variables on response surface method.

Independent variables Symbols Levels of each factor
Pulse (s) A 40 70 100
Amplitude (%) B 60 80 100
Reaction time (min) C 40 50 60
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Table 4- Experimental parameters and obtained result
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Run number Puls (s) Amplitude (%) Time (min) Yieled (%) Energy consumption (kj)
1 0.4 100 50 70 127.3
2 0.7 100 60 74.35 264.44
3 0.4 80 60 734 121.25
4 1 60 50 77 312.96
5 0.4 80 40 68 81.7
6 1 80 40 83.32 269.5
7 1 80 60 86 384.3
8 0.7 100 40 70.67 190.61
9 0.7 60 40 69.2 153.47
10 0.7 60 60 75.8 218.96
11 0.4 60 50 68.12 90.65
12 1 100 50 79.11 390.46
13 0.7 80 50 76.4 217.89
14 0.7 80 50 73.9 219.19
15 0.7 80 50 75 210.18
16 0.7 80 50 74.6 215.88
17 0.7 80 50 76.76 210.8
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Table 5- Summary of statistical models

Statistical Model Std. Dev. CV% R? Adjusted R? Predicted R?
Linear 251 3.35 0.82 0.77 0.58
2FI 291 3.89 0.83 0.7 -0.14
Quadratic 1.14 1.52 0.98 0.95 Suggested
Cubic 121 1.62 0.99 0.95 Aliased
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Figure 7- Comparison of actual results with the results predicted yield of biolubricant
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Table 6- Analysis table of variance for the percentage of biolubricant conversion.

Source Sum of squares freDe?j?)r:]e(gF) Mean Square F-Value Er(')\éalug
Model 385.36 9 42.82 23.11 0.0006
A- Cycle 103.97 1 103.97 80.41 0.0003
B- Amplitude 6.39 1 6.39 4.94 0.077
C- time 43.36 1 43.36 23.53 0.002
AB 0.013 1 0.013 0.01 0.92
AC 13.92 1 13.92 10.76 0.02
BC 0.57 1 0.57 0.44 0.54
A? 14.17 1 14.17 10.96 0.02
B? 47.56 1 47.56 36.78 0.002
c? 11.67 1 11.67 9.03 0.03
Residual 6.47 5 1.29
Lack of Fit 0.59 1 0.59 0.4 0.56
Pure Error 5.88 4 1.47
Cor Total 391.82 14
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Figure 8- Interaction effect of pulse and reaction time on yield (biolubricant content)
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Figure 9- Optimization conditions for independent variables to maximize biolubricant conversion
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Table 7- Physico chemical characterization of none-edible Rapeseed biolubricant

Properties Unit ISO VG 10 Amount Standard

Density at 15°C gr.cm™3 0.854 0.902 ASTM D4052
Kinematic Viscosity at 40°C mm?.s~? 10 12.2 ASTM D445
Kinematic Viscosity at 100°C mm?.s~t 2.62 37 ASTM D445
Viscosity Index - 163.7 ASTM D445

Pour Point °C -15 -33 ASTM D97

Flash Point (Closed Cup) °C 180 244 ASTM D93
TAN mg KOH/g 0.06 0.05 ASTM D664

Oxidation stability h - 3.20 EN 14112
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Figure 10- Oxidative stability graph of biolubricant form non-edible rapeseed oil
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Table 8. Comparison of biolubricant Production Results by Ultrasound System with Other Research Results

Reference Yield (%) Temperature ("C) Reaction time (hr) Bio source
[38] 90 47 62 Rapeseed
[39] 90.9 110 2 Canola
[40] 85-90 - 20 Rapeseed
[40] 85.1 - 20 oilva
[41] 99 110 8 Rapeseed
[42] 91.2 110 5 Canola
[43] 47 150 3 Jatropha
[14] 85.7 118 15 Wastecooking
[44] 95.14 140 15 Castor
[45] 98.2 100 - Sesame

86 70 0.67-1 Current study
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Oil-based lubricants are a stable source for lubricating moving parts in mechanical systems. Low oxidative
stability and high pour point are the major problems of vegetable oils that prevent their extensive use as a
lubricant. In this study, two-stage transestrification method was used to improve the disadvantages of non-
edible rapeseed oil. In the first step, methyl ester of non-edible rapeseed oil was produced by
transestrification method using an ultrasound power. In the second step, using ultrasound power the reverse
transesterification reaction of methyl ester with tri-methyl propanol was examined. In order to increase the
reaction rate of biolubricant production, the ultrasound system was used, which is a new way to production of
biolubricant. The ultrasound power by creating the phenomenon of cavitation causes proper mixing and
improving the mass transfer and increasing the biolubricant production rate. The effects of independent
variables such as pulse, amplitude, and time on the efficiency and energy consumption was investigated using
RSM method. It should be noted that the variables such as temperature, the molar ratio of methy| ester to tri-
methyl propanol, catalyst concentration, and vacuum pressure were considered constant. The biolubricant
yield and energy consumption were 82.2% and 116.726 kJ under the optimized conditions, i.e., a pulse of
40%, an amplitude of 82.01%, and a reaction time of 60 min. The biolubricant was confirmed using nuclear-
hydrogen magnetic resonance spectra (H-NMR). The physical and chemical properties of the synthesized
biolubricant have been evaluated by measuring standards. The biolubricant prepared (using ultrasonic
method) from non-edible rapeseed oil complies with the criteria dictated by ASTM D6751 standards. The
physical and chemical properties of the synthesized biolubricant conform to the reference lubricant (ISO VG
10). Regarding the results, it was found that using ultrasonic system the biolubricant can be produced in much
less time than the traditional method. The bioubricant production with ultrasonic system can be introduced as
a new method to the world.

Keywords: Biolubricant, Ultrasonic power, Reverse Transestrificasion, Cavitation, RSM
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