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6- Glycerol

7- Viscosity

8- Catalyst

9- Transesterification
10- Alkaline catalyst
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1- Hydrodynamic cavitation
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Fig.1. Used hydrodynamic cavitations reactor (1- Oil
tank, 2-Metoxed tank, 3- Homogenizer tank, 4-
Biodiesel tank, 5- Positive displacement pump, 6-

Electro motor, 7- Hydrodinamic cavitation reactor, 8-
Inverter and 9- Pressure indicator)
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Table 1- Input independent variables range and their encoded values in response surface method
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Input variable 1(a) 0 _1(a) Lable
(48> 2 593) 59

Reactor speed (rpm) 16000 12000 8000 A

s 2 ) o 309 196  0.83 B
Flow (lit min™)
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Time (min)

ol o gy 4 yeST) 0 Slas Jao gls Y Joua

Table 2- The results of reactor performance model by response surface method
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Factor Sum square error  Mean square error  Freedom degree  significant factor
Je
47.54 5.28 9 0.0001>
Model
A(rpm) 1551, 52 0.46 0.46 1 0.0021
Reactor rotational speed
. . _1 _ T
iEmin™) B = 5551, oy o 0.13 0.13 1 0.0425
Reactor inlet flow
C M 551, 5 ol 39.34 39.34 1 0.0001>
Reactor time
AB 0.02 0.02 1 0.3596
AC 0.27 0.27 1 0.0083
BC 0.073 0.073 1 0.1006
AN2 0.15 0.15 1 0.0312
B"2 0.091 0.091 1 0.0726
Ccn2 6.76 6.76 1 0.0001>
(18] oo Bl 0.14 0.02 7

Residual (Error)
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Tabel 3- The determination coefficient of performance model of reactor by RSM
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u Predicted R? 0
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Fig.2. Interaction of model inputs relative to each other (Horizontal axis: the codes of input parameters, Vertical axis:
Reactor efficiency)
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Fig.3. Results of response surface model for the reactor performance (A: reactor speed and flow, B: reactor speed and
time, C: flow and time)
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Table 4- Properties of produced biodiesel along with the relevant standards

s ly J30em slp o0 (60505l jlae jle dgus  (yge;l 3 il s, Sl gad
Unit The measured value for biodiesel  Limits  Standard test method Properties
1SO2719 Jlsl abags
°C 172 >101 .
1S0O3679 Flash point
mm? s 42 535 103104 FC b 2 Sl 5
Kinematic viscosity at 40 °C
) 1SO3675 10°C b p» S
kg m? 1 - i
gm 86 860-900 1SO12185 Density at 15°C
. ‘ .
o Aoy 88.53 96.5 EN14103 el e 2o

Methyl ester percent
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Fig.4. Optimization of response surface model to find the suitable settings of reactor with the highest yield
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Introduction

Biofuels are considered as one of the largest sources of renewable fuels or replacement of fossil fuels.
Combustion of plant-based fuels is the indirect use of solar energy. Biofuels significantly have less pollution
than other fossil fuels and can easily generate from residual plant material. Waste and residues of foods and
wastewater can also be a good source for biofuel production.

Transesterification method (one of biodiesel production methods) is the most common forms to produce
mono-alkyl esters from vegetable oil and animal fats. The procedure aims are reduction the oil viscosity during
the reaction between triglycerides and alcohol in the presence of a catalyst or without it. In this study, the method
of transesterification with alkaline catalysts is used that it is the most common and most commercial biodiesel
production method.

In this study, configurations of made hydrodynamic cavitation reactor were studied to measure biodiesel fuel
quality and enhanced device performance with optimum condition. The Design Expert software and response
surface methodol ogy were used to get this purpose.

Materials and Methods

Transesterification method was used in this study. The procedure aims were reduction of the oil viscosity
during the reaction between triglycerides and alcohol in the presence of a catalyst or without it. Materials needed
in the production of biodiesel transesterification method include: vegetable oil, alcohol and catalysts. The used
oil in the production of biodiesel was sunflower oil, which was used 0.6 liters per each test in the production
process base on titration method. Methanol with purity of 99.8 percent and the molar ratio of 6:1 to oil was used
based on titration equation and according to the results of other researchers. The used catalyst in continuous
production process was high-purity sodium hydroxide (99%) that it is one of alkaline catalysts. Weight of
hydroxide was 1% of the used oil weight in the reaction.

Response surface methodology: Three important settings of reactor were considered to optimize reactor
performance, which include: inlet flow to reactor, reactor rotational speed and the fluid cycle time in the system.
Each set was considered at three levels. The factorial design was used to the analysis without any repeat, there
will be 27 situations that because of the cost of analysis per sample by GC, practically not possible to do it.
Therefore, response surface methodology was used by Design Expert software. In the other words, after defining
the number of variables and their boundaries, software determined the number of necessary tests and the value of
the relevant variables.

Results and Discussion

Three parameters include the inlet flow to reactor, reactor rotational speed and the fluid cycle time in the
system were considered as input variables and performance of reactor as outcome in analyzing of extracted data
from the reactor and GC by Design Expert software. The results of tests and optimization by software indicated
that in 3.51 minutes as retention time of the raw material of biodiesel fuel in the system, the method of
transesterification reaction had more than 88% Methy! ester and this represents an improvement in reaction time
of biodiesel production. This method has very low retention time rather than biodiesel fuel production in
conventional batch reactorsthat it takes 20 minutes to more than one hour.
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Conclusions

According to the researches, efficiency of biodiesdl fuel production in hydrodynamic cavitation reactors is
higher than ultrasonic reactors so in this study, the settings of hydrodynamic reactor were investigated so that the
settings were optimized in production of biodiesel fuel. Sunflower oil was used in this research. The molar ratio
of Methanol to oil was 6 to 1 and sodium hydroxide as a catalyst was used. Three important settings of reactor
were considered which include: inlet flow to reactor, reactor rotational speed and the fluid cycle time in the
system. The results were analyzed by gas chromatography. The results showed that at 8447 rpm of reactor speed,
inlet flow of reactor at 0.86 liters per minute and 1.02 minute of circulation time, the best performance of reactor
were created. The flash point, kinematic viscosity and density of biodiesel in this study were 172 ° C, 2.4 square
millimeters per second and 861 kg per cubic meter, respectively. Maximum and minimum performances of
hydrodynamic cavitation reactor in biodiesel production were 6.19 and 1.13 mg kJ*, respectively.
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