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2. Pistacia atlantica
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1. Response Surface Methodology
2. 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 trifluoride
2. Circulator
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Figure 1- The set-up for ultrasonic assisted biodiesel-diesel production process: (1) schematic, (2) apparatus
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Table 2- Selected independent variables on response surface method.

Independent variables Symbols Levels of each factor
Molar ratio (alcohol to oil) A 4:1 5:1 6:1
Reaction time (min) B 3 5 7
Pulse (s) C 0.4 0.7 1
Amplitude (%) D 50 65 80

sl 00 03,51 ¥ Jgaz 50 15810 5 dawgs oodbolpiin calize g kel slaJas il (49, Jow jslateds



8275 eeade g Lold Ol owledl Tl

bl s Jow aods ¥ Jgus
Table 4- Summary of statistical models

Statistical Model Std. Dev. CV% R? Adjusted R? Predicted R?
Linear 144 1.66 0.22 -0.06 -0.28
2FI 1.6 1.84 0.33 -0.15 -1.54
Quadratic 0.39 0.45 0.97 0.93 0.85 Suggested
Cubic 0.47 0.54 0.98 0.9 Aliased
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Yield(%) = +88.06 1.12 x molar ratio + 0.68 x cycle + 0.35 x amplitude + 1.39 x molar ratio

x time - 0.51 x molar ratio x cycle - 0.68 xtime x cycle - 0.94 x cycle x amplitude -2.22 x
molar ratio * + 0.37 x time - 0.86 x amplitude *
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Figure 2- Comparison of actual results with the results predicted yield of methyl ester
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Table 6- Analysis table of variance for the percentage of biodiesel conversion.

P -value (Prob > F) F-Value Mean Square Df* Sun of squares Source
0.0001 23.79" 3.71 14 51.88 Model
0.0001 70.44" 10.97 1 10.97 molar ratio - A

0.1 3.21™ 0.5 1 0.5 time - B
0.0006 23.817 3.71 1 3.71 Cycle -C
0.02 7.69° 1.2 1 1.2 amplitude -D
0.001 18.56" 2.89 1 2.89 AB
0.03 6.61" 1.03 1 1.03 AC
0.2 1.89™ 0.29 1 0.29 AD
0.02 6.91" 1.08 1 1.08 BC
0.7 0.16™ 0.026 1 0.026 BD
0.004 1357 2.11 1 2.11 CD
<0.0001 162.39" 25.29 1 25.29 A?
0.08 3.88™ 0.6 1 0.6 B’
0.2 1.79™ 0.28 1 0.28 C?
0.0006 TYY/R0 373 1 3.73 D?
0.16 10 1.55 Residual
0.78 0.51™ 0.11 6 0.67 Lack of Fit
0.22 4 0.88 Pure Error
24 53.43 Cor Total
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Figure 3- Interaction of reaction time and molar ratio on yield (methyl ester content)
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Figure 4- Interaction effect of pulse and molar ratio on yield (methyl ester content)
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ol o 2351y 0338 31 Al 3 gl Bl 1 JSC



8275 eeade g Lold Ol owledl Tl

(Bl 1 S ygonr 35| anels 5 Gy e Sl (e 0y) iy it goly o Jfose S 43
ol STy 003l ol ) asels iol38l L 0gd co cumlive (gaman Jloged Gub 05d oo 0aud 3l bl g guman
5 Oaelagls ody Slml b g 05800 ;5551 5l (5590 alold 4y Ssal b zlael JUELl carge (B3l aials (2al33) a0k oo
aY 5oemy b g o5d e STy Jolme cenlio LMS] crgo aile s (52557 Ol 5 e (SiRST o] Yl
b cmizren boo Gl 033k 9 025 (o0 D90 ey JUET Gasb (nl 098 o0 bl 5B 99 (e (293 aedsel 550
1 o905 oo oo SIS Sl e 035l 5 95 oo S Suigul sl iies lyel Bpne 5 Lndisad iy Sl
Al il Jito 033l 5 Wisd g w3 sl it slaJsSze asels 5 ol lojen Gialiil L a5 355 e valive blits
calae [¥Y] 4 5ae 5 jlgs 5 VY] Kan 5 Slobe dYY] o] Kan 5 olihas gls b ossloams mls 08 o log

YR

Cycle (s ] —
893 E yele (s) 89.4 Amplitude (%) I
,/__!_\—\*‘\.
87.72 878
- =
° <
= 8615 - 3 8627
z 2
2 =
84.57 846 1
0.40 S0
1 A g0 A
83 - 8 7
. . : : T T T T T
50 575 65 725 80 0.40 0.55 0.70 0.85 1
Amplitude (%) Cycle ()

Yield (%)

Amplitude (%) - 55 Cycle (s)

Figure 6- Interaction effect of pulse and amplitude on yield (methyl ester content)
el Juio iSTg 003l g (el aold g Wby ol S1-F ST

JRogw dalgi Wiy lwaing

S5 003l oS T 5 a5 T Cessay Jie o i 5 (o5 oS ol p3Y iS00 s b ileainte Gl
Sl b alejl (6l 0adiennd o3gamme los Jias sl jesie (5550 Ll pl nlple e 095 (See jlade iSTa 4,
b ) S iy lade (i dlily jesile g O



WWAY Gl o lez ojlads o3l Jlo (5liml § Cogas iy — sole &y i

S 5o g abads a5 0l Jloc! Design expert |l53le 5 Jawgs J50em dudei e (iSTy 250559 5 (5500 sl

AUYE STy 003l sl cpl jo aS ol crend Qo) YYD ails 5 A4/OA Jb caa 8o YIVY STy lo JFIAY:Y Jse
5 o aedS (g5llaz 5l e ol by 0y O ygods Hla dige bl gly sl Cawsds gl (Y KD ) g duo o
O ygod sdeliawdds 033b ok el Cawsts doys AN iSTg 003b p Sl il cpens il e 003b il e
A 0nds g ey gl b ool Cawody polie glas woyo il dnlis 38l aliwgty oad iy ke b 029

el 0aldll )l Jaw YL S ian ©508 saimolis aS conl as o

— __%_

4.00 6.00 3.00 7.00 40.00 100.00

Molar ratio = 4.87 Reaction time(min) = 3.77 Pulse = 99.58

Desirability = 1.000

L4 ¥
//
.r'/

50.00 80.00 83.076 88.62

Amplitude = 73,50 Yield(%) = 89.2615

Figure 7- Optimization conditions for independent variables to maximize biodiesel conversion
sl o 033 ¢ ity (8L 5 Bl b Joo (g5l At b0 -V SO

Shhed e SIS (€9 ywl Juio Olpogas

Cewddy goll aSl 5l am .l (6,5 03lail ASTM o llwl b (S195 5e S150S 584, il e gloond 9 (Su 58 olo>
ST 5 lgise s 0o caillae o Jailiol ol b Sloogas 5T 48 ol i gl ciod auglia EN 14214 o fuilil | ool
(0 J992) 2,5 osliiul iy ;d slaygige Cunio )3 S S g (3Rl (lyea

195 m SIS (95 sl Juo (plg> -0 Jgux
Table 6- Physico chemical 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 a/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 -15t010 oC -9

cid Number ASTMD664 Max 0.50 mgKOH/g 0.29
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Optimasiton of biodiesel production process from Non-edible rapseed using

response surface method (RSM)
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In recent years, due to the favorable climate conditions of Iran, rapeseed cultivation has increased
significantly. Iran's canola production was 145,900 tons per year in 2010, which reached 174,999 tons per
year in 2013. The purpose of this study was to investigate the possibility of biodiesel production from non-
edible rapeseed oil using ultrasonic device. In this research, four different factors such as molar ratio, reaction
time, pulse and amplitude were considered at three levels. Statistical analysis using Designe Exeprt software,
response surface method (RSM) and Box Behnken layout was used to identify the optimal conditions of the
process. After analyzing the data and optimizing the biodiesel production process, the biodiesel yield was
89.26% under the optimized conditions, i.e., a methanol-to-oil molar ratio of 4.87:1, pulse of 0.99 s,
amplitude 73.5%, and a reaction time of 3.77 min. The biodiesel prepared from None-edible rapeseed oil
complies with the criteria dictated by EN 14112 standards. So, the produced biodiesel from none-edible
rapeseed can be used as an alternative fuel for a diesel engine.

Keywords: Biodiesel, Transestrificasion, RSM, None-edible rapeseed oil, Ultrasonic
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