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Abstracts: Biodiesel emerges as a viable option to replace fossil fuels, but the traditional process for the production of
biodiesel requires a large energy expenditure, since transesterification has a slow conversion due to the immiscibility of
alcohol and oil. On the other hand, with the hydrodynamic cavitation method, a shorter conversion time can be achieved
with a high yield; however, there are few studies related to this method. Therefore, the objective of this article is to
analyze information from different scientific publications to compare and visualize the parameters used to obtain
biodiesel by means of a hydrodynamic cavitation reactor. For this reason, a bibliometric analysis and a systematic review
based on the PRISMA method were carried out. In this sense, the relevant articles were selected from the Web of
Science, Scopus and Google Scholar databases published between January 2018 and July 2023.Finally, the values of
biodiesel yield efficiency were obtained by analyzing the different operating parameters and the different feedstock
sources for its elaboration in the hydrodynamic cavitation reactors and comparing their results with international
standards. American Society for Testing and Materials (ASTM) D6751 y European Committee for
Standardization(EN)14214. It is concluded that hydrodynamic cavitation produces biodiesel that meets international
standards and that the highest yields in biodiesel production in most studies have temperature ranges between 50 to
65°C, alcohol: oil molar ratio of 6:1, and methanol is the most used in tranasesterification.
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1. INTRODUCTION

Biodiesel is currently considered an alternative with great potential to replace traditional fuels [1]. biodegradable,
sustainable, clean-burning and non-toxic fuels [2]. Produces lower exhaust gas emissions, has better cetane
number and flash point, higher lubricity and negligible sulfur content [3]. It is one of the most preferred biofuels used
in the transportation industry due to its non-toxicity and biodegradability. Global biodiesel production expected to
reach more than 23 billion liters by 2025 [4].The identification and implementation of sustainable biodiesel
production alternatives must be based on rigorous assessments that integrate socioeconomic and environmental
objectives at local, regional and global scales [5].Consequently, many investigations have evaluated the potential of
alternative processes to those carried out in continuous stirred tank reactors, as disadvantages such as low reaction
rate, long reaction time, high volume, weight and space requirements for equipment, sensitivity to the quality of
reaction materials, energy demand and lack of cost-effectiveness are often encountered [6]. Therefore, the study of
new and alternative technologies with the aim of intensifying the biodiesel fuel production process is very important
in terms of production efficiency, process time, energy consumption and quality of the biodiesel produced [7]. In
recent years, several studies have been carried out analyzing the production of biodiesel by means of
hydrodynamic cavitation, such as the one conducted by Debabrata [8] in which a comprehensive review of the latest
innovations in hydrodynamic cavitation technologies for continuous biodiesel production was conducted in which it
was suggested that the technology could be implemented alone or in conjunction with other process intensification
steps to improve biodiesel production. Other research has reported through systematic reviews that HC has proven
to be a suitable option to replace some of the steps in the conventional biodiesel production process, with several
improvements, such as fewer waste streams, less energy losses and higher energy efficiency [9] [10]. While there
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are a large number of review and research studies related to biodiesel production, to the authors' knowledge, there
are no comprehensive review articles that focus only on HC-assisted biodiesel production. Therefore, as an
objective of the following article a description is provided showing the operating parameters of the hydrodynamic
cavitation reactors among them are the number and diameter of holes in the plate, feed pressure, reaction time,
operating temperature, methanol/oil molar ratio, and the percentage of catalyst for the production of biodiesel. In
summary, the present study is valuable in contributing to the literature on the ongoing research on biodiesel
production. In addition, the information provided here could be useful to policy makers, industries and researchers
in the field of chemical reactors.

2. METHOD

2.1. Inclusion And Exclusion Criteria For Scientific Investigations

Initially, researches that did not contain the keywords in the title, abstract and keywords were excluded.
Duplicate investigations were eliminated according to the title. Subsequently, all researches were downloaded for
review according to the inclusion criteria. Finally, all selected investigations were evaluated by reading according to
the inclusion and exclusion criteria described below:

Studies demonstrating the efficacy of using hydrodynamic cavitation for biodiesel production were included.
Studies were included that worked with first through fourth generation biofuels.

Studies that worked with methods unrelated to the cavitation method (water, plants, etc.) were excluded.
Studies that were not in English were excluded.

Studies with insufficient data were excluded.

SARE S A o

2.2 Information Sources And Search Strategy

The systematic review of the present research was developed based on the PRISMA methodology and the data
found were processed in a meta-analysis [11]. The Boolean string that was used as the search query was “TITLE-
ABS-KEY Biofuel AND (TITLE-ABS-KEY Hydrodynamic Cavitation) OR TITLE-ABS-KEY (Hydrocavitation) OR
TITLE-ABS-KEY ( Biodiesel) OR TITLE-ABS-KEY (Cavitation Reactors)". In addition, it was verified that all included
studies were no more than 5 years old as of 2023. The search recovered 638, 249 and 94 items from Web of
Science, Scopus y Google Scholar respectively. Initially, 416 articles were found that were duplicated or in
languages other than English and were excluded. Subsequently, 291 articles were excluded for having
inappropriate or irrelevant content due to lack of information on biodiesel production, then a total of 193 articles
were excluded for outdated information or repetitive results, and finally 6 articles obtained from the reference search
were included to complement relevant information, leaving a total of 87 review articles and research papers
retrieved.
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Figure 1: PRISMA Flow chart
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3. RESULTS AND DISCUSSIONS

3.1. Comparison Of Hydrodynamic Cavitation Reactor with Conventional Reactor

It is essential to compare the performance of various methods available for biodiesel production, the comparison
is made in terms of energy consumption, cavitational performance, and physicochemical properties of the biodiesel
[12].In this case, the comparison of the hydrodynamic cavitation method with mechanical agitation for biodiesel
production is carried out as shown in Table 1. It can be found that hydrodynamic cavitation resulted in 97.5 %
conversion, while the stirring method resulted in 26 %, which was a much lower conversion during a similar reaction
time of 20 min. This could be attributed to the high intensity of micro-level turbulence generated by oscillating
cavities with high interfacial area. An HC reactor is very effective in eliminating mass transfer resistance during the
reaction and, therefore, higher conversion. It can be found that HC for biodiesel production resulted in 20 min
reaction time, which is about four times more compared to mechanical agitation. Higher yield efficiency and shorter
reaction time to approach over 97.5% can be achieved with HC compared to mechanical agitation. However, there
is no doubt that hydrodynamic cavitation was efficient in terms of time efficiency and performance [13].

Table 1: Comparison of hydrodynamic cavitation reactor and conventional reactor in biodiesel production.

Raw Materials Applied reactor Time (min) Ter?perature Maximum yield Ref.
0 (%)

conventional 45 65 96.65 [14]
Soybean oil HC 10-30 45 95 [15],
[16]
Castor oil conventional 200 60.3 81.26 [17]
HC 50.83 60.3 92,27 [17]

conventional 45 65 95,78 [14]

Palm oil [18],
HC 20 55 93,84 [19]

conventional 60 65 91 [20]

Grave oil [15]
HC 30 40-55 80 [21]

. . conventional 90 60 97 [22]

Used cooking oil HC 15 60 98 22]

Table 1 shows the parameters of time, temperature and maximum yield in the production of biodiesel by
hydrodynamic cavitation and mechanical agitation from different oils. Reduced times were obtained by the
hydrodynamic cavitation method and with a trend of higher yields.

3.2.The Hydrodynamic Cavitation Reactor

Hydrodynamic cavitation reactors use the energy of the fluid flow to create a cavitation phenomenon in a
controlled environment [1], [3]. Use the large amount of energy generated by the implosion of cavitation bubbles in
a microenvironment with extreme local conditions, to accelerate the course of chemical reactions [23], leading to a
very high increase in pressure, temperature and these promote direct reaction for the conversion of esters [1], [3]. In
cavitation, to achieve pressure reduction in a flow system, cavitation devices such as Venturi tubes and orifice
plates are used to increase the velocity of the fluid [24], [4]. These effects are described by Bernoulli equation (1)

1 z 1 2
pL+5pVi=P2 +5pv) (1)

where p is the pressure, p is the density of the liquid and v is the liquid velocity. A cavitation bubble is generated
when the pressure decreases to a value low enough to generate the growth of an existing gas pocket in the liquid

[11]. The following equation is used to determine the cavitation number(2)

P — P

o= (2)
1o
2
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where o = cavitation number (dimensionless), P1 = reference pressure (Pa), P2 = fluid vapor pressure (Pa), p =
fluid density (kg/m3), v = fluid velocity (m/s)

Figure 2 shows the schematic of a cavitation reactor to carry out the transesterification reaction. The assembly
consists of a storage tank, a positive displacement pump, a pressure gauge and flow control valves that are
connected at the desired locations in the main, bypass and pump inlet line. The suction side of the pump is
connected to the bottom of a storage tank. The pump discharge is branched to the main line and the bypass line
[15].

P
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device

Main line
sy

Baffles
S

Cooling

water out

-

Cooling
water in

V1, V2, V3, V4 . Control valves
P1, P2 - Pressure Gauges

Figure 2: Schematic Of A Hydrodynamic Cavitation Reactor

These reactors intensify the mass transfer rate and heat transfer of chemical processes by causing local
disturbances and microcirculation within the reactor [25]. Hydrodynamic cavitation reactors provide narrower and
more stable thin emulsions compared to conventional reactors, which in turn increases the reaction rate, achieving
higher conversion rates in a shorter time and reduce solvent requirements [2], [1]. However, these reactors are not
compatible with heterogeneous catalysts [26]. Figure 2 shows an evaluation of strengths, weaknesses,
opportunities and threats, known as the SWOT matrix for biodiesel production. Two main types of HCRs are
reported in the literature and in the current market: stationary and rotary HCRs, which are reviewed in the following
sections.

3.3. Stationary Hydrodynamic Cavitation Reactors

Stationary HCRs employ venturis, orifice, wedge and vortex diode as the constrictive part to increase the linear
velocity of the working fluid, leading to a low pressure region where cavitation events are induced [27]. Due to their
simple geometry and ease of fabrication and operation, stationary HCRs have been extensively studied and widely
used on a laboratory scale to investigate the effectiveness and mechanism of hydrodynamic cavitation technology
[28]. The stationary or non-rotational HCR is cost-effective to be considered as an industrial reactor. Consequently,
venturi, orifice types are typically used to investigate the ability of hydrodynamic cavitation in the inactivation of
microorganisms and water treatment [29]. Stationary HCRs present two predominant mechanisms in partial
cavitation, reentrant jet mechanism, induced by an adverse pressure gradient at high cavitation numbers and shock
wave mechanism, induced by cloud collapse at low cavitation numbers [30].
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3.3.1. Oirifice Plate Cavitation Reactor

An orifice plate is the most commonly used flow restriction and pressure reduction device, and includes a well
that is designed to generate a specific pressurized flow [31]. Due to the sudden change in pipe diameter, the
intensity of bubble collapse that occurs in a borehole is significant. Bubble generation occurs at the edge of the
orifice, releasing a large amount of energy into the surrounding liquids in mechanical, thermal and chemical forms
[22]. The magnitude of the pressure drop strongly influences the turbulence intensity downstream of the
constriction, and the pressure drop depends mainly on the geometry of the constriction and the fluid flow conditions
[32]. Figure 3 shows four orifice plates with different numbers of holes.

Figure 3: Shows four orifice plates with different number of holes

3.3.2.  Venturi Cavitation Reactor

Venturi tubes have been used as a way to produce microbubbles in cavitation processes [33]. A venturi tube
generally consists of three sections: the converging inlet, the throat and the diverging cone [34]. Unlike orifice
plates, the fluid inside a venturi contracts and expands smoothly; therefore, the pressure and velocity of the fluid
vary constantly [35]. This gradual change in fluid conditions avoids a drastic change in orifice pressure, which is
beneficial for the generation of microbubbles and their stability, cavitation is determined by the flow resistance,
which is significantly dependent on the geometrical design of the Venturi [8]. Due to their lower energy consumption
and higher bubble generation capacity, venturis outperform orifice plates in industrial applications [36].

3.4.Rotational Cavitation Reactors

They consist of rotating parts that generate cavitation. Rotating HCRs use circular discs or cylinders with
numerous dimples or spaces to create cavitation including blind holes, teeth, etc. These are located on the rotor [5],
[37], [38]. Irregular surfaces (due to dimples or hollows) within the rotating part create variations in the working
cross-sectional area, i.e. cavitation bubbles are periodically induced and crushed by the motion of the rotor, which
forces the liquid fluid to expand or contract as it flows through the &area , This results in repetitive pressure
differentials [28], [30]. To evenly distribute the liquid stream, the inlet port is located in the center and the outlet port
is placed at the top of the shaft for sealing and cooling purposes. The cavitation generated by this process is due to
the opposite movement of two shear layers; therefore, this type of cavitation is called shear cavitation [39].

2031



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 2027-2037

Reactor performance is based on the rotor and stator structure (diameter, rotor/stator distance, thickness, etc.)
and the geometry (shape, diameter, edge, pitch angle, etc.) and arrangement of the cavitation generation unit.
Distance is an important factor affecting reactor performance, interaction type, and small distances can significantly
improve cavitation generation efficiency. This is because for these reactors a small distance results in a greater
compression effect between the two vortices formed inside the cavitation generating units located in the stator and

rotor, forming stronger and wider SC and VC Regions [40].

Strengths

High effectiveness and treatment
capacity.

Various useful side effects: turbulence,
mechanical oscillation, emulsification,
dispersion, crushing, heating, etc

Good scalability.

Mild reaction condition.

The feasibility of the hydrodynamic
cavitaticn process must be evaluated
by life cycle and cost analysis.
Experimental research on o pilot scale
is necessary.

Durability must be considered.

Opportunities

» Hydrodynamic cavitation systems

with limited scocles have been
commercialized for years.

Batch and continuous treatment
modes are available.

Threats

The hydrodynamics of cavitation has
not attracted much attention and
related studies are relatively limited.
The unfavorable effects of
hydrodynamic cavitation on the
system are noise, vibration and
erosion.

* Muitidisciplinary training is essential.

Figure 4: SWOT matrix for the production of biodiesel using a hydrodynamic cavitation reactor.

3.5. Effect Of Key Operating Conditions On Transesterification.

Transesterification is the reaction of a triglyceride with methanol, the main one being a successive three-stage
reversible reaction. Initially, methanol reacts with the triglyceride producing a diglyceride, then the diglyceride reacts
with methanol producing a monoglyceride, and finally the monoglyceride reacts with methanol producing glycerol,

the reactions are shown in Figure 5. One mole of biodiesel is produced at each stage [2].
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Figure 5: Transesterification reactions in the production of biodiesel
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Therefore, the general reaction can be summarized as follows

Triglyceride + 3R'OH < Glycerol + 3 FAME

In previous studies, several operating conditions were considered as determinants in the production of biodiesel
assisted by hydrodynamic cavitation [30]. These conditions include cavitation intensity, temperature, alcohol:oil
molar ratio, type and amount of catalyst, reaction time, etc. Table 2 compiles the main operating conditions in the
transesterification reaction by hydrodynamic cavitation found in the literature, to obtain maximum vyield in biodiesel
production.

Table 2: Review of different studies on biodiesel production by HC

Raw  Device  Bore diameter Number Feed pressure Alcohol:oil Catalyst Maximum yield Ref.
Materials type (mm) of holes (MPa) molar ratio (%) (%)
Soybean Orifice 2 16 - 4:4(viw) 98 [15],
oil plate NaOH (1%) [41]
Sunflower  Venturi - - 1.01 31 NaOH (1%) 94-99 [30],
oil [42]
Tomb Oil Orifice 2 3 0.5 6:1 NaOH (1.2%) 71,8 [43]
plate

3 7 - 451 NaOH (1%) 80 [15],
[21]

Used Orifice
cooking oil  plate 0.3 100 7 bar 6.8:1 NaOH (1%) 99 [15]

It can be seen from Table 1 that biodiesel production is mostly carried out by basic catalysis, mainly using NaOH
as catalyst, with concentrations between 1 and 1.2%. In addition, methanol is the most commonly used alcohol in
transesterification, with molar ratios between 3:1 and 7:1.

3.5.1. Cavitation Intensity

The intensity of cavitation, generated by hydrodynamic cavitation reactors, is a key factor determining the
efficiency of the process, although cavitation intensity does not have a precise physical definition, it is generally
used to characterize the severity of the cavitation phenomenon. Several indicators, such as chemical effects (radical
formation), acoustic and optical radiation (noise and sonoluminescence), mechanical effects (vibrations and
pressure fluctuations), and others (pH, temperature, etc.) can indirectly indicate the intensity of cavitation [44].
Generally speaking, the cavitation intensity increases with increasing input energy in hydrodynamic cavitation
reactors, and reaches a critical value when cavitation of the constriction device is achieved, whose geometrical
parameters are important to control the cavitation intensity, e.g., in an orifice plate, the same depends on the
number and size of holes [33], [45]. In addition, cavitation is related to the cavitation number (Cv), consequently,
when the value of Cv is greater than 1 cavitation is not optimal, and the intensity of cavitation increases as the value
of Cv decreases to less than 1 [15], [46].

3.5.2. Temperature

Reaction temperature is an important parameter to increase both the rate of the chemical reaction and the yield
of biodiesel, an increase in temperature up to the boiling point of the alcohol favors a higher conversion of
triglycerides into biodiesel [20]. In addition, raising the reaction temperature has an impact on the physical
characteristics of the reactant mixture, particularly the viscosity, which can alter the hydrodynamic behavior [47]. In
the investigation of Patil y Baral [12] , analyzed the effect of temperature in the range of 50-70% and it was
observed that raising the reaction temperature from 50 to 60°C increased the conversion from 58 to 71.8%.
Furthermore, a further increase in temperature above 65°C leads to a reduction in conversion, a similar trend has
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also been reported in the study of Thakkar et al [17], | also note that increasing the temperature above 65°C causes
a slight reduction in conversion due to partial vaporization of the methanol.

3.5.3. Alcohol: Oil- Molar Ratio

The molar ratio is one of the fundamental variables influencing the reaction process. From a stoichiometric point
of view, the alcohol:oil molar ratio should be 3:1 [13]. However, in a real reaction system a higher molar ratio is
preferable to increase the miscibility of methanol and triglyceride molecules, as well as to increase the possibility of
their contact, can obtain a higher yield and conversion to the final product due to the reversible nature of the
reaction in transesterification[48]. In addition, high amounts of alcohol are required to dissociate the bond between
the triglyceride and the fatty acid to increase productivity and complete the reaction in a shorter time [2]. It could be
found that, in the study of Samuel, et al [3] varying the molar ratio of alcohol:oil between 3.5 and 7, keeping
constant the amount of catalyst (4% by weight) and a reaction time (40 min) and it was shown that the yield
increased slightly as the molar ratio of alcohol to oil increased. However, the maximum yield was achieved with a
ratio of 6:1, when this ratio was exceeded the yield started to decrease, thus establishing, as the optimum vyield
point to the one obtained, this was also demonstrated in the research of Khan, et al. [13] that varying the molar ratio
from 3:1 to 7:1 led to an increase in conversion, from 44-45% to 97.5%. However, exceeding that 7:1 limit, excess
methanol reduced the conversion from 97.5% (with 1:6) to 94.0% (with 1:7) and this could be related to the dilution
of the oil due to methanol.

3.5.4. Catalyst Type And Quantity

There are several types of catalysts, among the most common are those using homogeneous catalysts, both
acid and alkaline, heterogeneous acid and alkaline catalysts and enzymatic catalysts using lipases [49]. Acid
catalyzed processes are used when the oil has a high concentration of free fatty acids (FFA), requiring
longer reaction times and higher molar proportions of alcohol [20]. On the other hand, alkaline catalyzed
processes are significantly affected by the way in which the reagents are mixed [50]. The amount of
catalyst in the transesterification reaction is an essential factor that significantly influences the maximum
biodiesel yield [13]. The process is usually started with a lower catalyst concentration, and then progressively
increased depending on the reaction conditions and the amount of products obtained, since it is observed that the
content of fatty acid methyl esters increases to some extent with increasing catalyst dosage [2]. Additional increases
in the amount of catalyst do not significantly influence the yield of biodiesel production [51]. Chuah et al. [52]
investigated the impact of KOH concentration on the transesterification of used cooking oil by varying the amount of
catalyst between 0.5 and 1.25% by weight, with the increase of catalyst concentration from 0.5 to 1% by weight, the
conversion increased from 63% to 98.1% in a reaction time of 15 minutes. However, by further increasing the
catalyst concentration from 1 to 1.25% by weight, the conversion experienced a slight reduction from 98.1 to 91%,
similar results have been reported in the study of Thakkar et al. [17] where it was observed that the yield was
increased up to a catalyst amount of 1% by weight. However, beyond that point, performance declined considerably.

3.5.5. Reaction Time

The most determinant factor in the reaction yield is the reaction time, it has been observed that, at the beginning,
the increase in time led to an increase in the yield of biodiesel produced, but with the passage of time, it was
reduced. Due to the reversible nature of the reaction and its propensity to generate methanol, a longer reaction time
resulted in a decrease in yield [50], This is because, if the reagents are mixed for longer periods than necessary,
typical of traditional methods, a catalyst-depleting soap may be generated, particularly if the oil contains a significant
amount of free fatty acids, which decreases the efficiency in the production of fatty acid methyl esters (FAME) [18].
Therefore, it is important to determine the optimal reaction time. In the study conducted by Samuel, et al. [3] the
reaction time was modified between 35 and 60 minutes, it was evidenced that, by increasing the reaction time from
30 to 35 minutes, the performance experienced a slight increase, going from 92.1% to 92.4% However, the peak
yield for esters, which was 92.5%, was achieved at 40 min, a similar trend as that obtained by Bargole et al. [15]
with a maximum yield of 99% biodiesel within 5 min of reaction time.
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3.6. Characterization Of the Properties Of Biodiesel Synthesized By Cavitation-Based Hydrodynamic
Processes.

The characteristics of the biodiesel obtained from the hydrodynamic cavitation process are analyzed to compare
whether these parameters are within the specifications of international standards American Society for Testing and
Materials (ASTM) D6751 [53] y European Committee for Standardization (EN) 14214 [54], as this ensures adequate
quality control of the product and is presented in Table 3.

Table 3: Comparison of key properties of biodiesel obtained by HC and corresponding specifications.

.USEd. Grave oil .Used. Safflower ASTM
Property cooking oil [12] cooking olil oil [1] D6751 At 14214
[15] [22]

Density at 15°C 860 853 880 870 860-900 850-900
(kg/m?)
Viscosity (mm?/s) 3.9 3.54 4.62 4.52 1.9-6 3.5-5
Flash point (°C) 166 155 135 157 130 min 120 min
Acid number (mg
KOH/g) 0.3 0.134 0.3 0.37 0.5 max 0.5 max

The results revealed that the density, viscosity, flash point and acid number of the biodiesel obtained from
different oils by hydrodynamic cavitation acid number in the biodiesel obtained from different oils by hydrodynamic
cavitation met international met international standards D6751 and at 14214, therefore, biodiesel can be used as an
alternative fuel.

CONCLUSIONS

The present review demonstrates that, when comparing biodiesel production by hydrodynamic cavitation versus
conventional mechanical agitation, hydrodynamic cavitation is the most effective process in terms of time, cost,
energy consumption and quality of the biodiesel produced. Therefore, it is presented as an innovative, more
optimized and sustainable alternative in biodiesel production.

The highest yields in biodiesel production in most studies are reported in the following conditions: in temperature
ranges between 50 to 65°C, alcohol:oil molar ratio of 6:1, considering that methanol is the most used alcohol in
tranasesterification. In addition, a catalyst concentration of 1% by weight of the oil, generally using NaOH as a basic
catalyst; however, it is advisable to experiment with concentrations of 0.5 to 1.2% by weight.

In addition, the properties of the biodiesel obtained by hydrodynamic cavitation met the specifications of
international standards ASTM D6751 and EN 14214, therefore, the biodiesel obtained by the cavitation process can
be used as an alternative fu

Nomenclature

HC: Hydrodynamic cavitation
HCR: Hydrodynamic Cavitation Reactor
FAME: Fatty acid methyl esters

REFERENCES

[1] B. H. Samani et al., “The rotor-stator type hydrodynamic cavitation reactor approach for enhanced biodiesel fuel production,” Fuel, vol. 283,
Jan. 2020, doi: 10.1016/j.fuel.2020.118821.

[2] M. Tabatabaei et al., “Reactor technologies for biodiesel production and processing: A review,” Prog Energy Combust Sci, vol. 74, pp. 239—
303, Sep. 2019, doi: 10.1016/j.pecs.2019.06.001.

[3] O. D. Samuel, M. O. Okwu, S. T. Amosun, T. N. Verma, and S. A. Afolalu, “Production of fatty acid ethyl esters from rubber seed oil in
hydrodynamic cavitation reactor: Study of reaction parameters and some fuel properties,” Ind Crops Prod, vol. 141, Dec. 2019, doi:
10.1016/j.indcrop.2019.111658.

[4] J. A. Okolie, J. lvan Escobar, G. Umenweke, W. Khanday, and P. U. Okoye, “Continuous biodiesel production: A review of advances in
catalysis, microfluidic and cavitation reactors,” Fuel, vol. 307, Jan. 2021, doi: 10.1016/j.fuel.2021.121821.

[5] V. Innocenzi and M. Prisciandaro, “Technical feasibility of biodiesel production from virgin oil and waste cooking oil: Comparison between
2035



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 2027-2037

(6]
[7]
(8]
19
[10]
[11]
[12]

[13]

[14]

[19]

[16]
[17]
(18]
[19]

[20]

[21]
[22]
[23]
[24]
[25]

[26]

[27]
[28]
[29]
(30]
(31]
(32]
[33]

[34]

traditional and innovative process based on hydrodynamic cavitation,” Waste Management, vol. 122, pp. 15-25, Mar. 2021, doi:
10.1016/j.wasman.2020.12.034.

A. Gholami, F. Pourfayaz, and A. Saifoddin, “Techno-economic assessment and sensitivity analysis of biodiesel production intensified
through hydrodynamic cavitation,” Energy Sci Eng, vol. 9, no. 11, pp. 1997-2018, Nov. 2021, doi: 10.1002/ese3.941.

L. Naderloo, “Energy ratio of produced biodiesel in hydrodynamic cavitation reactor equipped with LabVIEW controller and artificial
intelligence,” Energy Reports, vol. 6, pp. 1456—1467, Nov. 2020, doi: 10.1016/j.egyr.2020.05.029.

D. Panda, V. K. Saharan, and S. Manickam, “Controlled hydrodynamic cavitation: A review of recent advances and perspectives for greener
processing,” Processes, vol. 8, no. 2. MDPI AG, Feb. 01, 2020. doi: 10.3390/pr8020220.

M. Aghbashlo et al., “Machine learning technology in biodiesel research: A review,” Prog Energy Combust Sci, vol. 85, Jul. 2021, doi:
10.1016/j.pecs.2021.100904.

M. E. Gunay, L. Turker, and N. A. Tapan, “Significant parameters and technological advancements in biodiesel production systems,” Fuel,
vol. 250. Elsevier Ltd, pp. 27-41, Aug. 15, 2019. doi: 10.1016/j.fuel.2019.03.147.

T. F. GroR and P. F. Pelz, “Diffusion-driven nucleation from surface nuclei in hydrodynamic cavitation,” J Fluid Mech, vol. 830, pp. 138—164,
Nov. 2017, doi: 10.1017/jfm.2017.587.

A. D. Patil and S. S. Baral, “Process intensification of thumba methyl ester (Biodiesel) production using hydrodynamic cavitation,” Chemical
Engineering Research and Design, vol. 171, pp. 277-292, Jul. 2021, doi: 10.1016/j.cherd.2021.05.007.

I. A. Khan, N. Prasad, A. Pal, and A. K. Yadav, “Efficient production of biodiesel from Cannabis sativa oil using intensified transesterification
(hydrodynamic cavitation) method,” Energy Sources, Part A: Recovery, Utilization and Environmental Effects, vol. 42, no. 20, pp. 2461—
2470, Oct. 2020, doi: 10.1080/15567036.2019.1607946.

P. Zhang, X. Chen, Y. Leng, Y. Dong, P. Jiang, and M. Fan, “Biodiesel production from palm oil and methanol via zeolite derived catalyst as
a phase boundary catalyst: An optimization study by using response surface methodology,” Fuel, vol. 272, Jul. 2020, doi:
10.1016/j.fuel.2020.117680.

S. Bargole, S. George, and V. Kumar Saharan, “Improved rate of transesterification reaction in biodiesel synthesis using hydrodynamic
cavitating devices of high throat perimeter to flow area ratios,” Chemical Engineering and Processing - Process Intensification, vol. 139, pp.
1-13, May 2019, doi: 10.1016/j.cep.2019.03.012.

J. Ji, J. Wang, Y. Li, Y. Yu, and Z. Xu, “Preparation of biodiesel with the help of ultrasonic and hydrodynamic cavitation,” Ultrasonics, vol. 44,
no. SUPPL., Dec. 2006, doi: 10.1016/j.ultras.2006.05.020.

K. Thakkar, S. S. Kachhwaha, and P. Kodgire, “Multi-response optimization of transesterification reaction for biodiesel production from
castor oil assisted by hydrodynamic cavitation,” Fuel, vol. 308, Jan. 2021, doi: 10.1016/j.fuel.2021.121907.

P. Chipurici et al., “Ultrasonic, hydrodynamic and microwave biodiesel synthesis — A comparative study for continuous process,” Ultrason
Sonochem, vol. 57, pp. 38-47, Oct. 2019, doi: 10.1016/j.ultsonch.2019.05.011.

B. Sajjadi, A. R. Abdul Aziz, and S. Ibrahim, “Mechanistic analysis of cavitation assisted transesterification on biodiesel characteristics,”
Ultrason Sonochem, vol. 22, pp. 463-473, 2015, doi: 10.1016/j.ultsonch.2014.06.004.

A. D. Patil, S. S. Baral, P. B. Dhanke, C. S. Madankar, U. S. Patil, and V. S. Kore, “Parametric studies of methyl esters synthesis from
Thumba seed oil using heterogeneous catalyst under conventional stirring and ultrasonic cavitation,” Mater Sci Energy Technol, vol. 1, no.
2, pp. 106-116, Dec. 2018, doi: 10.1016/j.mset.2018.06.004.

A. Pal, A. Verma, S. S. Kachhwaha, and S. Maji, “Biodiesel production through hydrodynamic cavitation and performance testing,” Renew
Energy, vol. 35, no. 3, pp. 619-624, Mar. 2010, doi: 10.1016/j.renene.2009.08.027.

L. F. Chuah, S. Yusup, A. R. Abd Aziz, A. Bokhari, and M. Z. Abdullah, “Cleaner production of methyl ester using waste cooking oil derived
from palm olein using a hydrodynamic cavitation reactor,” J Clean Prod, vol. 112, pp. 4505-4514, 2016, doi: 10.1016/j.jclepro.2015.06.112.
P. F. Pelz, J. Buttenbender, T. Keil, T. F. Gross, and A. Terwort, “From nucleation to cloud cavitation,” in IOP Conference Series: Earth and
Environmental Science, Institute of Physics Publishing, Mar. 2019. doi: 10.1088/1755-1315/240/6/062037.

Z. Askarniya, X. Sun, Z. Wang, and G. Boczkaj, “Cavitation-based technologies for pretreatment and processing of food wastes: Major
applications and mechanisms — A review,” Chemical Engineering Journal, vol. 454, Feb. 2022, doi: 10.1016/j.cej.2022.140388.

M. Rengasamy, E. Titus, T. Satheesh, D. Venkadesh, and K. Kumaraguru, “Hydrodynamic cavitation for the production of biodiesel from
sunflower oil using NaOH catalyst,” Journal of Chemical and Pharmaceutical Sciences, pp. 104-106, 2014.

R. S. Malani, V. S. Moholkar, N. O. Elbashir, and H. A. Choudhury, “Advancements of Cavitation Technology in Biodiesel Production-from
Fundamental Concept to Commercial Scale-Up,” Liquid Biofuels: Fundamentals, Characterization, and Applications, pp. 39-36, 2021, doi:
10.1002/9781119793038.ch2.

W. Zhang, C. Xie, H. Fan, and B. Liu, “Influence of Hole Geometry on Performance of a Rotational Hydrodynamic Cavitation Reactor,” Front
Energy Res, vol. 10, May 2022, doi: 10.3389/fenrg.2022.881811.

H. Zheng, Y. Zheng, and J. Zhu, “Recent Developments in Hydrodynamic Cavitation Reactors: Cavitation Mechanism, Reactor Design, and
Applications,” Engineering, vol. 19, pp. 180-198, Dec. 2022, doi: 10.1016/j.eng.2022.04.027.

M. T. Gevari, T. Abbasiasl, S. Niazi, M. Ghorbani, and A. Kosar, “Direct and indirect thermal applications of hydrodynamic and acoustic
cavitation: A review,” Appl Therm Eng, vol. 171, May 2020, doi: 10.1016/j.applthermaleng.2020.115065.

X. Sun, S. Liu, S. Manickam, Y. Tao, J. Y. Yoon, and X. Xuan, “Intensification of biodiesel production by hydrodynamic cavitation: A critical
review,” Renewable and Sustainable Energy Reviews, vol. 179, Jun. 2023, doi: 10.1016/j.rser.2023.113277.

Y. Mao, W. Xia, Y. Peng, and G. Xie, “Ultrasonic-assisted flotation of fine coal: A review,” Fuel Processing Technology, vol. 195, Dec. 2019,
doi: 10.1016/j.fuproc.2019.106150.

D. Han, J. Chen, T. Zhou, and Z. Si, “Experimental investigation of a batched mechanical vapor recompression evaporation system,” Appl
Therm Eng, vol. 192, Jun. 2021, doi: 10.1016/j.applthermaleng.2021.116940.

M. Li, A. Bussonniére, M. Bronson, Z. Xu, and Q. Liu, “Study of Venturi tube geometry on the hydrodynamic cavitation for the generation of
microbubbles,” Miner Eng, vol. 132, pp. 268-274, Mar. 2019, doi: 10.1016/j.mineng.2018.11.001.

Q. He et al., “Improved removal of Congo Red from wastewater by low-rank coal using micro and nanobubbles,” Fuel, vol. 291, May 2021,
doi: 10.1016/j.fuel.2020.120090.

2036



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 2027-2037

[35] R. Balz, B. von Rotz, and D. Sedarsky, “In-nozzle flow and spray characteristics of large two-stroke marine diesel fuel injectors,” Appl Therm
Eng, vol. 180, Nov. 2020, doi: 10.1016/j.applthermaleng.2020.115809.

[36] D. Li, X. Xu, Y. Cao, C. Liu, S. Zhang, and C. Dang, “The characteristics and mechanisms of self-excited oscillation pulsating flow on heat
transfer deterioration of supercritical CO2 heated in vertical upward tube,” Appl Therm Eng, vol. 202, Feb. 2022, doi:
10.1016/j.applthermaleng.2021.117839.

[37] Y. Kang, G. Wu, Z. Lang, and H. Zhao, “An experimental and numerical study of pool boiling heat transfer in Cu foam-enhanced cells with
interlaced microchannels,” Appl Therm Eng, vol. 225, May 2023, doi: 10.1016/j.applthermaleng.2023.120158.

[38] Jam, F. A., Mehmood, S., & Ahmad, Z. (2013). Time series model to forecast area of mangoes from Pakistan: An application of univariate
ARIMA model. Acad. Contemp. Res, 2, 10-15.

[39] G. S. Ha et al., “Energy-efficient pretreatments for the enhanced conversion of microalgal biomass to biofuels,” Bioresour Technol, vol. 309,
Aug. 2020, doi: 10.1016/j.biortech.2020.123333.

[40] J. Diehl de Oliveira, J. B. Copetti, E. M. Cardoso, and R. Rodrigues de Souza, “Flow boiling pressure drop of R-1270 in 1.0 mm tube,” Appl
Therm Eng, vol. 231, Aug. 2023, doi: 10.1016/j.applthermaleng.2023.120885.

[41] H. Li et al., “Preliminary design and performance analysis of the liquid turbine for supercritical compressed air energy storage systems,”
Appl Therm Eng, vol. 203, Feb. 2022, doi: 10.1016/j.applthermaleng.2021.117891.

[42] P.R. Gogate, R. K. Tayal, and A. B. Pandit, “Cavitation: A technology on the horizon,” Curr Sci, vol. 91, no. 1, 2006.
[43] 1. Nikoli¢, J. Jovanovi¢, B. Koturevi¢, and B. Adnadjevi¢, “Transesterification of Sunflower QOil in the Presence of the Cosolvent Assisted by
Hydrodynamic Cavitation,” Bioenergy Res, vol. 15, no. 3, pp. 1568-1578, Sep. 2022, doi: 10.1007/s12155-021-10387-w.

[44] A. D. Patil, S. S. Baral, P. B. Dhanke, and S. A. Dharaskar, “Cleaner production of catalytic thumba methyl ester (Biodiesel) from thumba
seed oil (Citrullus Colocyntis) using TiO2 nanoparticles under intensified hydrodynamic cavitation,” Fuel, vol. 313, Apr. 2021, doi:
10.1016/j.fuel.2021.123021.

[45] M. Usman, M. Imran, F. Haglind, A. Pesyridis, and B. S. Park, “Experimental analysis of a micro-scale organic Rankine cycle system
retrofitted to operate in grid-connected mode,” Appl Therm Eng, vol. 180, Nov. 2020, doi: 10.1016/j.applthermaleng.2020.115889.

[46] Medina Collana , J. T. ., Hurtado, D. G. ., Ramirez, D. M. ., Gonzales , J. P. S. ., Jimeenz, S. R. ., Huamani, J. A. R. ., Tasso, U. H. ., &
Llanos, S. A. V. . (2023). Hydrodynamic Cavitation as Pretreatment for Removal of Hardness From Reverse Osmosis Reject Water.
International Journal of Membrane Science and Technology, 10(2), 288-301. https://doi.org/10.15379/ijmst.v10i2.1198

[47] A. Gholami, A. Hajinezhad, F. Pourfayaz, and M. H. Ahmadi, “The effect of hydrodynamic and ultrasonic cavitation on biodiesel production:
An exergy analysis approach,” Energy, vol. 160, pp. 478-489, Oct. 2018, doi: 10.1016/j.energy.2018.07.008.

[48] M. Ghorbani, A. K. Sadaghiani, L. G. Villanueva, and A. Kosar, “Hydrodynamic cavitation in microfluidic devices with roughened surfaces,”
Journal of Micromechanics and Microengineering, vol. 28, no. 7, Apr. 2018, doi: 10.1088/1361-6439/aab9d0.

[49] N. Chanthon et al., “High-efficiency biodiesel production using rotating tube reactor: New insight of operating parameters on hydrodynamic
regime and biodiesel yield,” Renewable and Sustainable Energy Reviews, vol. 151, Nov. 2021, doi: 10.1016/j.rser.2021.111430.

[50] Vinay, B. Singh, and A. K. Yadav, “Optimization of performance and emission characteristics of Cl engine fuelled with Mahua oil methyl
ester—diesel blend using response surface methodology,” International Journal of Ambient Energy, vol. 41, no. 6, pp. 674—685, May 2020,
doi: 10.1080/01430750.2018.1484804.

[51] M. N. Bin Mohiddin et al., “Evaluation on feedstock, technologies, catalyst and reactor for sustainable biodiesel production: A review,”
Journal of Industrial and Engineering Chemistry, vol. 98. Korean Society of Industrial Engineering Chemistry, pp. 60—81, Jun. 25, 2021. doi:
10.1016/j.jiec.2021.03.036.

[52] L. F. Chuah, J. J. Klemes, S. Yusup, A. Bokhari, M. M. Akbar, and Z. K. Chong, “Kinetic studies on waste cooking oil into biodiesel via
hydrodynamic cavitation,” J Clean Prod, vol. 146, pp. 47-56, Mar. 2017, doi: 10.1016/j.jclepro.2016.06.187.

[53] Z. Wu, S. Tagliapietra, A. Giraudo, K. Martina, and G. Cravotto, “Harnessing cavitational effects for green process intensification,” Ultrason
Sonochem, vol. 52, pp. 530-546, Apr. 2019, doi: 10.1016/j.ultsonch.2018.12.032.

[54] L. F. Chuah, S. Yusup, A. R. Abd Aziz, A. Bokhari, J. J. Kleme$, and M. Z. Abdullah, “Intensification of biodiesel synthesis from waste
cooking oil (Palm Olein) in a Hydrodynamic Cavitation Reactor: Effect of operating parameters on methyl ester conversion,” Chemical
Engineering and Processing: Process Intensification, vol. 95, pp. 235-240, Sep. 2015, doi: 10.1016/j.cep.2015.06.018.

[55] “ASTM D6751: Standard Specification for Biodiesel Fuel Blend Stock (B100) for Middle Distillate Fuels.” 2017.

[56] “EN 14214 Automotive fuels - Fatty acid methyl esters (FAME) for diesel engines - Requirements and test methods.” 2003.

DOI: https://doi.org/10.15379/ijmst.v10i3.1900

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium,
provided the work is properly cited.

2037


mailto:https://doi.org/10.15379/ijmst.v10i3.1470

