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A system combining ultrasound and infrared radiation was used to increase the chemical reactions between
incompressible reactants by enhancing their mass transfers with the aim to reduce the energy usage and reaction
time. In this study, biodiesel from RBO was produced via transesterification, and the process variables were
optimized using the combination of ANN and GWO algorithm. Process parameters considered in this study are
ratio of methanol to oil, catalyst concentration, and reaction time. Based on the ANN-GWO algoritm used, the

optimum conditions for the process parameters were (1) methanol to oil ratio: 60%, (2) concentration of catalyst:
1 wt%, (3) time: 7.76 min, leading to the metyl ester yield of 98.16 wt%. The algoritm was verified by conducting
a triplicate independent experiments using the suggested optimum values, resulting in an average methyl ester
yield of 97.74 wt%. Subsequently, properties of rice bran biodiesel were compared to ASTM D6751 and EN
14214 standards, and the obtained values met both the standards.

1. Introduction

In the last decades, renewable energy has obtained considerable
global attention as an alternative to fossil fuels due to the increasing
energy demands and awareness of environmental damages resulting
from prolonged usage of fossil fuel. As a result, renewable energy in form
of sea wave, wind, solar, hydro, and geothermal are being implemented
worldwide [1-3]. In addition, biofuels such as biodiesel and bioethanol,
which are easily stored and transported are considered as alternatives to
be utilized in transportation sector. Biodiesels are long-chain fatty acids
of mono-alkyl esters typically produced from animal fats or vegetable
oils that posseses beneficial fuel properties similar to petroleum diesel
[4-8]. Several methods, such as pyrolysis, dilution, and microemulsion,
can be used to convert triglycerides in vegetable oils to methyl esters
[9-12]. However, commercialized biodiesel production field typically

uses esterification and transesterification, as compared to other methods
[13-15].

The main challenge in producing biodiesel is the insolubility be-
tween oil and alcohol, which can inhibit the process of mass transfer and
reduce the rate of reaction. Hence, it is imperative to enhance the re-
action by using improved technology. Microwave, ultrasound, infrared
radiation techniques and non-catalytic supercritical are among the
popular methods [14,15]. Many successful studies apply ultrasonic
methods for biodiesel production [16,17]. Via ultrasound-assisted pro-
cess, tiny bubbles are created by continous expansion and compression
in the solvent. These bubbles keep expanding, leading to the buildup of
energy in the bubbles until their subsequent collapse. This is commonly
referred to as an acoustic cavitation (Fig. 1) [18]. Via this, liquid solvent
is affected both physically and chemically [19,20]. As a result, methyl
ester yields will be higher, reaction times will be shorter, the amount of
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Fig. 1. Acoustic cavitation of ultrasonic waves.

catalyst used will be lowered, and less energy will be used. The usage of
ultrasound as an intensification technique in transesterification reaction
contributes to only a small increase in biodiesel production cost
(0.08-0.5%), when compared to conventional heating [21]. The
infrared radiation-assisted reactor is in the same boat. With the range of
energy between 0.001 and 1.7 eV, infrared radiation can penetrate
deeper into reactant and intensively absorbed [22]. Therefore, this en-
ergy could lower reaction temperatures and minimize the amount of
energy consumed by reactant molecules, which is the most essential
component in enhancing biodiesel quality [20,23]. This process has
been utilized to convert waste goat tallow into biodiesel, producing
sufficient yields in a shorter time than the traditional method [24].
Furthermore, the energy usage for a transesterification reaction using
infrared radiation was reported to be only 25% as compared to con-
ventional heating [25]. Hence, a combination of both ultrasound and
infrared radiation is expected to provide significant time and energy
saving in producing biodiesel.

To date, various waste and non-edible oil feedstocks such as Jatropha
[26,27], Calophyllum inophyllum [18], waste cooking oil [28], rubber
seed [29], waste coffee ground [30] and rice bran oil [31] have been
researched. Rice bran oil (RBO) is a by-product from the milling process
of paddy rice, obtained from the grain’s hard outer layers [32]. This non-
edible oil is often discarded as agricultural waste. China and India
produce the most RBO, and a global production of RBO is conservatively
estimated to be not less than 7.5 million metric tons annually [33]. In a
study, it was found that a volumetric blend of 20 % RBO and 80 % petro-
diesel is the most economically effective to be used in the existing diesel
engines [34]. Hence, RBO is a suitable candidate for sustainable bio-
diesel feedstock, since it is abundantly available and unsuitable to be
consumed by human [35].

In order to obtain maximum biodiesel yield with minimal usage of
resources, experiments and methods need to be properly planned.
Optimization techniques utilizing both linear and nonlinear equations
are ideal for this purpose since they are simple to examine and able to
solve huge complicated conditions. For the past few years, artificial
neural networks (ANN) has gained widespread recognition as a
modeling technique for simulating complicated situations [17,36].
Using artificial intelligence, ANN offers series of advantages as
compared to the traditional modeling tools. It is easier to understand
both phenomenological and mathematical context of the conditions that

have to be dealt with by using ANN, without making unnecessary as-
sumptions. Linear and nonlinear correlations of the process parameters
can be simultaneously studied directly from a collection of conditions.
ANN can comprehend a large number of factors in a relatively quick
manner, resulting in precise predictions utilizing inputs from the user. In
addition, ANN can also understand nonlinear correlations between the
various diverse inputs related to a biological system. One of the primary
benefits of utilising ANN for modelling complex systems is the capability
to operate without complicated physical equations, initial boundary
conditions, or starting assumptions about the make-up of the function or
data distribution [6].

Furthermore, ANN may be simulated using a set of available exper-
imental data, without the need to thoroughly understand the chemical/
biological process being mimicked [37]. Hence, experimental conditions
obtained from tools such as Box-Behnken design can be used in ANN.
Compared to other mathematical models, ANN has a better tolerance for
errors due to its capacity to build on partial knowledge. In addition, ANN
has also been utilized in optimizing process parameters for biodiesel
production [38,39]. Therefore, ANN is a helpful modeling tool in fore-
casting and optimizing complex process parameters. In a study, het-
erogeneous catalysts was employed to produce biodiesel from low-grade
oil using ANN and response surface methodology (RSM) [40]. The re-
sults demonstrated that ANN’s prediction performance was superior to
RSM’s. Furthermore, an investigation was conducted by Onukwuli et al.
(2021) by utilizing both RSM and ANN-GA in forecasting optimum
conditions for producing biodiesel using oil obtained from Chrys-
ophyllum albidum seed [41]. From the study, it was concluded that ANN
had higher correlation coefficients, resulting in faster reaction time, less
energy, less catalyst, with higher yield compared to RSM in optimal
condition.

A metaheuristic is an algorithmic framework inspired by nature to
find a near-optimal solution to an optimization issue. By such, grey wolf
optimizer (GWO) is based on population metaheuristic which imitates
how a pack of grey wolves behave when hunting a prey [40,41].
Comparatively, it is found that GWO requires less modified parameters,
while outperforms other evolutionary computation-based methodolo-
gies, including particle swarm optimization (PSO), fast evolutionary
programming (FEP), and gravitational search algorithm (GSA) [42].

The aim of this study is to evaluate the effectiveness of combining
ultrasound and infrared radiations for biodiesel production from rice
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Fig. 2. Crude RBO.

Table 1

Properties of crude RBO.
Property Unit RBO
Kinematic viscosity at 40 °C mm?/s 40.97
Density at 15 °C kg/m> 922
Acid value mg KOH/g 1.82
Higher heating value MJ/kg 36.88

bran oil. Combining infrared and ultrasound will increase the process of
mass transfer into the reactant molecules. Hence, the combination of
these techniques is expected to further enhance the transesterification
reaction rate. Three process variables, which are oil to methanol molar
ratio, catalyst concentration and reaction time were considered in this
optimization study. Initially, Box-Behnken experimental designs (BBD)
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Fig. 3. Ultrasound and infrared radiation equipment system for bio-
diesel production.

was used in obtaining the experimental conditions. Data generated from
BBD was subsequently supplied to the combination of ANN-GWO algo-
rithm. In this study, GWO was utilized to optimize the weights of ANN.
Subsequently, rice bran methyl ester (RBME) obtained via trans-
esterification process was characterized accordingly using gas chro-
matographic with flame ionization detection (GC) and Fourier transform
infrared spectrometry (FTIR). ASTM D6751 and EN 14214 standards
were used to measure the properties of RBME. With the approach of
combining ultrasonic and infrared, it is believed that there is a saving in
energy, which allows future advancement in biodiesel production
methods.

2. Materials and methods
2.1. Materials

Agricultural waste RBO was collected from Scienfield Sdn. Bhd.
(Selangor, Malaysia). Methanol and potassium hydroxide (KOH) were
supplied by Chemolab Supplies (Selangor, Malaysia). The chemicals
were of analytical chemistry standard with 99% purity. The color of
crude RBO is yellow bright (Fig. 2). Kinematic viscosity, acid value,
higher heating value, and density of crude RBO are presented in Table 1.

2.2. Experimental Set-up

A 250 mL borosilicate glass beaker, aluminium foil, and thermom-
eter were utilized in the biodiesel production reactor setup. Qsonica
(Q500-20, 500 W, 20 kHz frequency) sonicator, equipped with a 1-inch
probe was used to create the ultrasonic cavitation in the mixture.
Amplitude and pulse of the sonicator were fixed at 35% and 6 s ON with
2 sec OFF, respectively. The system was fitted with 300 W infrared lamps
(220 V) to produce infrared radiation. Infrared radiation is supplied with
the intention to speed up the transesterification process. The set up box
was covered with aluminium foil and connected to the ultrasound probe.
The experimental setup of ultrasound combined with an infrared bio-
diesel synthesis schematic diagram is illustrated in Fig. 3.

2.3. Transesterification process

Quantity of methanol, KOH catalyst, and reaction time were selected
for each run, which were planned using Box-Behnken design (BBD). RBO
in the amount of 30 g was heated to 60 °C in the reactor using infrared
radiation. After the oil had been heated to 60 °C, the ultrasound
equipment was turned on, followed by slowing down the power of
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Fig. 4. Transesterification process using ultrasound combined with infrared radiation.

Table 2
Experimental conditions for methyl ester conversion using Box Behnken design.

Run X;:Time (min) X5:Methanol (%) X3 Catalyst (wt.%)
1 8 45 0.75
2 6 45 1.00
3 6 30 0.75
4 10 45 0.50
5 10 45 1.00
6 8 45 0.75
7 10 60 0.75
8 8 30 0.50
9 8 60 1.00
10 6 45 0.50
11 8 60 0.50
12 8 45 0.75
13 8 45 0.75
14 8 45 0.75
15 6 60 0.75
16 10 30 0.75
17 8 30 1.00

infrared bulb. The solution of methanol-catalyst at a certain quantity
was then mixed in the reactor. The mixture was poured into a separating
funnel upon completion of the transesterification reaction, and allowed
to settle for six hours. The lower layer, which consists of catalyst and by-
product were removed, and then deionized water at 40 °C was used to
wash the end product to remove any impurities. Rotary evaporator
equipped with a vacuum, set at 60 °C bath temperature was used to
evaporate the moisture in the product. Subsequently, the final product
was filtered using 541 Whatman filter paper. The processes of trans-
esterification ais summarized in Fig. 4.
The yield (wt.%) was determined based on Eq. (2):

Weight of methyl ester yield produced (g) x 100
Weight of crude oil used (g)

Methyl ester yield (wt.%) =

@

2.4. Box-behnken

The experiment was conducted using conditions suggested by the
Box-Behnken designs (BBD) model, with reaction time, methanol to oil
ratio, and catalyst concentration using ultrasound combined with
infrared radiation to speed up the transesterification process, as shown
in Table 2. The studied parameters were time of reaction (6, 8, 10 min),
methanol to oil ratio (30, 45, 60 %) and catalyst concentration (0.5,
0.75, and 1 wt%). Data obtained from BBD were later supplied to the
ANN-GWO model. Based on the study parameters and the various con-
ditions, the number of trial with various condition is based on BBD as
stated in Eq. (3).

N = 2k(k— 1)+ Ne ®

In Eq. (3), k and Nc are defined as the number of studied variables
and number of central points, respectively [43]. MATLAB with neural
networks and genetic algorithm toolboxes was used to formulate ANN
and GWO modeling in optimizing the yield of RBME.

2.5. ANN modelling

MATLAB (Version 7.10, R2010a, MathWorks Inc., USA) was utilized
to generate the ANN model. ANN modelling required 3 parts which are
defined as input, hidden and output layer. Three neurons (one for each
variables, namely methanol to oil ratio, catalyst concentration, and re-
action time) were used for the input layer, but only one output neuron
was used (RBME yield). The ANN model was fed with seventeen datasets
from Table 2, each representing a unique combination of all the three
variables considered in the study. 70%, 15%, and 15% from the data
points were subsequently utilized for the purpose of training, validation,
and testing, respectively. For training, Levenberg-Marquardt technique
was used until the mean squared error (MSE) falls below a certain
threshold. At the same time, the value of average correlation coefficient
(R) was near to or exactly one.

2.6. Statistical evaluation of the developed models

As shown in Egs. (4) and (5), other statistical metrics, such as
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Table 3
Comparison of RBME yield between ultrasound, infrared irradiation and hybrid of ultrasound-infrared irradiation transesterification using the optimum process
parameters.
Method Experimental run  Time of reaction (min) ~ Methanol/oil ratio (%)  Catalyst (wt.%)  RBME (wt.%) Standard error ~ Reference
Predicted  Experimental
Conventional® 1 60 6:1° 0.9 - 98.7 - [48]
Ultrasound 1 48 6:1 0.5 94.12 93.82 0.21 [31]
2 48 6:1" 0.5 94.12 93.91
3 48 6:1" 0.5 94.12 94.22
Average 94.12 93.98
Ultrasound + Infrared 1 7.76 60 1 98.16 97.79 0.21 This study
2 7.76 60 1 98.16 97.93
3 7.76 60 1 98.16 97.51
Average 98.16 97.74

@ Reaction temperature was 60 °C.
b Methanol to oil molar ratio.

Input Layer Hidden Layer Output Layer

Reaction ime —»

RBME
yield

Methanol to
o1l ratio

Catalyst —

Fig. 5. Architecture of ANN model for RBME yield.
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coefficient of determination (R%) and root mean absolute error (RMSE)
[44], were employed to test the proposed models.

Z;’:l (Me — Mp)z

R2 = 1 - n 2
Zi:l (Mp - Mdvg)

4

_ AN YRS
RMSEf\/; ;(Mg M,) (5)

Here, n, M,, M, and M,,, are defined as number of points, predicted
value, experimental value, and average experimental values,
respectively.

2.7. Gwo

GWO was initially developed using the inspiration obtained from the
behavior of a wolf pack when hunting for a prey. First level of the hi-
erarchy consists of the alpha (), while second, third, and lowest levels
are referred to as beta (), delta (8), and omega (w), respectively. The
leader of the pack is referred as a, where the entire pack need to follow
the decisions of the a. Some o has democratic behavior that follow the
decision from other wolves in the pack. The lower rank wolf have to
submit to the a. # will become «, after o gets old or passed away.  will
also assists the a in decision-making and other activities. The wolves will
submit to both o and p, but dominant than . Therefore, the lowest
ranking wolves, o, play the roles of a scapegoat [43].

Grey wolves hunting behaviour can be divided into three parts. They
will hunt in a group by tracking and chasing the prey, then they will
pursue, encircle and torture the prey until it no longer moves. Lastly,
they will attack the prey. Hence, Eq. 6 is the developed functions based
on the social hierarcy and behaviour of the grey wolf [38,45].

Xd(t+1) = X{(t) —AY|CIXI(t) -X{(¢) | (6) Here, t, X;, and X, are
defined as iterations, position vector of a grey wolf, and position vector
of the prey, respectively. Moreover, A¢ = 2a.r; —a , C¢ = 2.ry, r1andr,
are random vectors in [0,1]. Here, the vector a is decreasing linearly
from 2 to 0, which means a(t) = 2-2 t/max iter, and max iter is defined as
the maximum iteration number. Egs. (7)-(10) are used to update the
position of o, regardless the positions of «, f and &

Xio(t4 1) = Xa(0) — A% € X2(0) = X0 | @
X4 (14 1) = X3(1) — A )Cd Xi() - X!() | @)
Xiy(t-+ 1) = Xa0) — A% | LX)~ X! ()| ©
i 1) = Kl H DX+ 4 Xle D) o)

3
2.8. Optimization and validation
To acquire the best yield, ANN-GWO was utilized to predict the the

optimum values of the three examined process parameters. Here, the
values with the highest RBME yield for ANN were determined using
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Fig. 8. Three-dimensional surface plots of reaction time and catalyst concentration.

GWO. The target values is determined by averaging the values by triple
trials and compare it will the projected value.

2.9. Physicochemical properties of RBME

FTIR spectroscopy was applied to characterize the RBME. Subse-
quently, other properties of RBME were measured using ASTM D6751
and EN 14214 standards. Kinematic viscosity was measured using Anton
Paar SVM3000 Stabinger Viscometer (Graz, Austria) at 40 °C while the
density of RBME was measured using DM40 LiquiPhysics TM density
meter (Mettler Toledo, Greifensee, Switzerland) at 15 °C. Calorific value
was measured using Parr 6200 Isoperibol Calorimeter. Acid value was
acquired by automation titration rondo 20 (Mettler Toledo,
Switzerland).

3. Results and discussion
3.1. ANN modelling

A total of 17 experimental runs were carried out with three input

variables: reaction time (6, 8 and 10 min), methanol to oil ratio (30, 45,
and 60%), and catalyst concentration (0.5, 0.75, and 1.00 wt%), as well
as one output variable: RBME. The result of output variable was shown
in Fig. 7 and Table 3 tabulated the experimental design of this study
where the data was acquired for training, validation and testing algo-
rithm. Utilizing Levenberg-Marquardt algorithm model, 70%, 15% and
15% of the data was used for training, testing and validation, respec-
tively. The three input neurons, four hidden neurons and one output
neuron was used to train the algorithm as shown in Fig. 5. The optimal
number of the hidden neurons was determined by a heuristic technique.
The ANN prediction model with R for training, validation, test and all is
1, 0.999, 0.9989, and 0.9946, respectively, illustrated in Fig. 6.
Furthermore, the lowest mean square error (MSE) of 0.251 was obtain
this study. The prediction of ANN with BBD design on the output vari-
able of RBME and the experimental shown in Fig. 7. The comparison
revealed that the model suited the target values linearly and accurately.
This suggests that the model was appropriate for accurately predicting
the RBME output. The network projected values for the biodiesel
transesterification process were found to be consistent with the actual
experiment. This indicates the network’s intrinsic sensitivity and
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precision in tracking the transesterification process simultaneously.

3.2. Interaction effects of reaction time and concentration of Catalyst.

Fig. 8 shows the interaction of reaction time and catalyst concen-
tration in the transesterification of RBO. When the reaction time is
prolonged from 6 to 7.76 min, it can be seen that the RBME yield in-
creases up until a certain point. After the optimum point, it shows an
significant decrease in the RBME yield. While, the catalyst concentration
must be sufficient to facilitate the transesterification. Both parameter
shows that they are both equally important to determining the optimum
condition for the RBME yield. The time of reaction must be controlled in
the specific range, because it was found that longer reaction time might
actually reverse the transesterification process, leading to less methyl
ester yield [46]. Consequently, the amount of glycerides in the target

Fuel 346 (2023) 128404

biodiesel will be higher than the biodiesel produced using optimal
conditions.

3.3. Interaction effects between reaction time and methanol to oil ratio

Interation effects between reaction time and methanol to oil ratio is
shown in Fig. 9. For this purpose, methanol to oil ratio was set between
30 and 60 % to study its effect on other studied parameters. It is found
that the plot in Fig. 8 is very similar to Fig. 9. With the introduction of
higher methanol to oil ratio, RBME yeild is observed to increase as well.
Highest RBME yield can be obtained at the value of 60% for the meth-
anol to oil ratio. One explanation for this is caused by the nature of
miscibility between methanol and oil, where sufficient ratio must be
made available in order to shorten the transesterification time, as
miscibility will increase the contact between methenium and glycerides
[18,47]. The time of reaction is found to be favourable at 7.76 min.

3.4. Interaction effects of methanol to oil ratio and catalyst concentration

Fig. 10 depicts the relationship between methanol to oil ratio and
catalyst concentration. Here, methanol to oil ratio and catalyst loading
were varied from 30 to 60%, and 0.5 to 1 wt%, respectively. It can be
seen that low values of these two process parameters is not favorable as
it will only produce approximately 90% of RBME yield. With increasing
value of both parameters, it is observed that the RBME yield rises as well,
eventually reaching 98.16%. Hence, from the surface plot, 1 wt% of
catalyst concentration is considered as the most suitable option.

3.5. Optimization and validation of model

Effects of the three studied process variables are shown by the three
dimensional surface plots. By observing the plots, optimum operating
conditions for all the studied variables can be determined. In other
words, with the help of ANN-GWO modelling and BBD experimental
design, the optimum operating parameter for biodiesel conversion was
obtained. The values of optimum operating parameters for RBME yield
are as follows: methanol to oil ratio = 60%, catalyst concentration = 1

0.6 -
Catalyst concentration 0.5

(wt.%)

Methanol to oil ratio
(%)

Fig. 10. Three-dimensional response surface plots of methanol to oil ratio and catalyst.
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Fig. 11. FTIR spectra of RBME.

Table 4
FAME and linolenic methyl ester content of the RBME produced from Ultrasound
and Infrared Radiation.

Name of FAME Carbon amount Area Percentages
Methyl Octanoate C8:0 202.813 3.72
Methyl Tetradecanoate C14:0 20.334 0.37
Methyl Palmitate C16:0 954.044 17.49
Methyl Octadecanoate C18:0 101.850 1.87
Methyl cis — 9 - octadecenoate C18:1 1981.401 36.32
Methyl Linoleate C18:2 (CIS) 1701.202 31.18
Methyl Linolenate C18:3 81.460 1.49
Methyl Arachidate C20:0 50.325 0.92
Methyl Docosanoate C22:0 16.762 0.31
Methyl Erucate c22:1 46.858 0.86
Methyl Lignocerate C24:0 25.919 0.48
FAME 95.00

FAME- saturated 25.15
FAME-unsaturated 69.85

wt%, and reaction time = 7.76 min. Using the values, the maximum
forecasted RBME yield is 98.16 wt%. Based on the above operating
parametric conditions, the experiment was tri-replicated to validate the
accuracy of the model and the average RBME yield obtained is 97.74 wt
%. Based on the forecasted and experimental RBME yield, the difference
was less than 0.41% with standard error of 0.21. This is a significant

improvement to our previous study on ultrasound-assisted trans-
esterification of rice bran oil, specifically for the optimum reaction time
and methyl ester yield. Without the application of infrared in the pre-
vious study, the optimum reaction time was in the ultrasound-assisted
reaction was found to be 48 min, with a yield of 94.12% [31]. Be-
sides, using conventional heating to produce RBME required a longer
optimum reaction time of 60 min and a catalyst of 0.9%. It found that the
RBME yield for conventional is 98.7 wt% [48]. The detailed comparison
of RBME yield using conventional, ultrasound, hybrid ultrasound and
infrared irradiation is shown in Table 3. It can be observed that ultra-
sound irradiation only required a longer reaction time (~six times
longer), and the yield obtained is slightly lower than the hybrid method
by 3.76%. Then, it indicates that the hybrid method effectively facili-
tates transesterification because ultrasound promotes bubble implosion
and infrared irradiation that provides instant heat. Finally, the hybrid
method promotes the dispersion of oil molecules into smaller sizes and
promotes better catalyst distribution, increasing accessibility to active
sites that shorten the reaction time.

3.6. Ftir

FTIR can differentiate between crude oil and biodiesel and helps
rapid analysis of liquid samples. Therefore, this research used ultra-
sound coupled with infrared for RBME production. The results were then
studied by using FTIR and shown in Fig. 11. The functional group of

Table 5

Physical and chemical properties of RBME.
Property Unit Standard test method ASTM D6751 En standards 14,214 Diesel RBME RBME RBME

[31] [48]

Kinematic viscosity at 40 °C mm?/s D 445 1.9-6.0 3.5-5.0 2.86 4.88 4.8 4.12
Density at 15 °C kg/m® D 1298 860-880 860-900 833 878 879.2 884
Acid value mg KOH/g D 664 Max. 0.5 Max 0.5 0.06 0.38 0.17 0.45
Higher heating value MJ/kg D 975 Min. 35 35 45.82 40.36 40.44 40
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—~COOH was shown by the three absorption bands which serve as a proof
that the carboxylate is there. Intense absorption peak at 2923 cm ™' is
attributed to the strongest carbonyl group’s stretching (CH stretch), and
absorption peak at 1742 cm™! corresponds to the stretching of CO
double bond [49]. Meanwhile, absoption peak at 1436 cm ! is related to
—CH3 asymmetric stretch, while the peak at 1196 cm™! corresponds to C-
O-C asymmetric stretch [50]. Furthermore, the peak at 1,361 em ! in
the FTIR spectrum is in line with O-CHj in glycerol that indicate the
presence of the residual of the transesterification process. Absorption
peaks with intensities between 1000 and 1800 ecm ™! suggest a high
FAME concentration in RBME.

3.7. FAME analysis

FAME analysis is one of the important methods to determine bio-
diesel’s purity. Table 4 contains the FAME results obtained through gas.
The results depends on the available fatty acid in the RBO, and it can be
seen that methyl cis —9-octadecenoate (36.32%) and methyl linoleate
(31.18%) are dominant FAME in RBME. The remaining methyl ester
found were methyl palmitate (17.49%), methyl octanoate (3.72%),
methyl octadecanoate (1.87%), methyl linolenate (1.49%), while others
methyl ester compromised less than 1% of FAME content individually.
The FAME'’s content has met the minimum requirement (>90%) stipu-
lated in EN 14103: 2011. The RBME’s saturated and unsaturated FAME
contents were 25.15% and 69.85%, which compromised 95%. In com-
parison, the yield of the same feedstock was done by Mazaheri et al. is
92.38 wt% using a heterogeneous catalyst and heating mantle. Even
though comparison can not be made under a similar process. Still, ul-
trasound coupled with infrared has shown better FAME production than
the heating mantle. Saturated acids content promotes oxidation stability
as the oxidation rate of saturated FAME is slower than that of unsatu-
rated FAME [6,9].

3.8. RBME and RBO characterization

The properties of RBO and RBME fuel were evaluated and the results
are tabulated in Table 5. The biodiesel produced from RBME in the range
of all standards in EN 14214 and ASTM D6751 and was compared with
RBME produced using ultrasound only [31] and conventional [48].
Therefore, RBME produced through ultrasound and infrared radiation-
assisted shows better properties and it met the standard requirement
stated by the ASTM D6751 and EN 14214. Consequently, this approach
is viable for biodiesel production, as the RBME produced possesses the
apropriate physicochemical qualities.

4. Conclusions

Biodiesel was produced from crude RBO using ultrasound combined
with infrared radiation-assisted and assisted by ANN-GWO modelling.
The optimization was performed based on three process parameters,
namely methanol to oil ratio, catalyst concentration, and reaction time.
The best parameters are obtained with reaction time of 7.76 min,
methanol to oil ratio of 60%, and a 1 wt% catalyst concentration. The
forecasted RBME based on the above conditions is 98.16, and the
experimental result is 97.74 wt% with low standard error. From this
study, it shows that ultrasound coupled with infrared radiation has
improved the yield of biodiesel conversion. However, there is a partic-
ular limitation that must be taken into account, which was the capacity
of the design equipment. Hence, we suggest to further investigate with a
more powerful ultrasound, in meeting the capacity for industrial needs.
Furthermore, this system is especially useful for transesterification using
heterogeneous catalysts. Slow reaction rate involving heterogenous
catalysts due to the existence of three-phase mixture (methanol-oil-
catalyst) can be remedied with this combined system. Moreover, opti-
mization using ANN-GWO modelling with BBD experimental design
shows its value and accuracy in predicting the yield of RBME produced

Fuel 346 (2023) 128404

via the ultrasound coupled with infrared radiation system.
CRediT authorship contribution statement

A.H. Sebayang: Formal analysis, Validation. Fitranto Kusumo:
Resources, Methodology. Jassinnee Milano: Conceptualization,
Writing — review & editing. A.H. Shamsuddin: Funding acquisition,
Supervision. A.S. Silitonga: Writing — original draft. F. Ideris: Investi-
gation. Joko Siswantoro: Formal analysis, Validation. Ibham Veza:
Investigation. M. Mofijur: Funding acquisition, Supervision. Shir Reen
Chia: Conceptualization, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
The data that has been used is confidential.
Acknowledgments:

The authors wish to acknowledge financial support provided by
AAIBE Chair of Renewable Energy, grant no: 202003 KETTHA and
201801 KETTHA. The authors wish to thank Centre of Green Technol-
ogy, Faculty of Engineering and Information Technology, University of
Technology Sydney and Centre of Renewable Energy, 2023 Strategy
Research Support funding from the University of Technology Sydney,
Sydney, Australia, and DIPA POLMED 2023 supported by Politeknik
Negeri Medan, Medan, Indonesia.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fuel.2023.128404.

References:

[1] Amin M, et al. Thermal properties of beeswax/graphene phase change material as
energy storage for building applications. Appl Therm Eng 2017;112:273-80.

[2] Mehrali M, et al. Preparation and characterization of palmitic acid/graphene
nanoplatelets composite with remarkable thermal conductivity as a novel shape-
stabilized phase change material. Appl Therm Eng 2013;61(2):633-40.

[3] Pérez-Collazo C, Greaves D, Iglesias G. A review of combined wave and offshore
wind energy. Renew Sustain Energy Rev 2015;42:141-53.

[4] Silitonga AS, et al. Intensification of Reutealis trisperma biodiesel production using
infrared radiation: Simulation, optimisation and validation. Renew Energy 2019;
133:520-7.

[5] Chia SR, et al. Sustainable approaches for algae utilisation in bioenergy production.
Renew Energy 2018;129:838-52.

[6] Mazaheri H, et al. Rice bran oil based biodiesel production using calcium oxide
catalyst derived from Chicoreus brunneus shell. Energy 2018;144:10-9.

[7] Mofijur M, et al. Comparative Evaluation of Edible and Non-edible Oil Methyl Ester
Performance in a Vehicular Engine. Energy Procedia 2015;75:37-43.

[8] Mofijur M, et al. Prospects of biodiesel from Jatropha in Malaysia. Renew Sustain

Energy Rev 2012;16(7):5007-20.

Dharma S, et al. Optimization of biodiesel production process for mixed Jatropha

curcas-Ceiba pentandra biodiesel using response surface methodology. Energ

Conver Manage 2016;115:178-90.

[10] Silitonga AS, et al. A review on prospect of Jatropha curcas for biodiesel in
Indonesia. Renew Sustain Energy Rev 2011;15(8):3733-56.

[11] Silitonga AS, et al. Evaluation of the engine performance and exhaust emissions of
biodiesel-bioethanol-diesel blends using kernel-based extreme learning machine.
Energy 2018;159:1075-87.

[12] Mofijur M, et al. Evaluation of biodiesel blending, engine performance and
emissions characteristics of Jatropha curcas methyl ester: Malaysian perspective.
Energy 2013;55:879-87.

[13] Azeem MW, et al. Production of biodiesel from low priced, renewable and
abundant date seed oil. Renew Energy 2016;86:124-32.

[14] Uddin MN, et al. An Overview of Recent Developments in Biomass Pyrolysis
Technologies. Energies 2018;11(11).

[9



A.H. Sebayang et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

Ong HC, et al. Optimization of biodiesel production and engine performance from
high free fatty acid Calophyllum inophyllum oil in CI diesel engine. Energ Conver
Manage 2014;81:30-40.

Ong HC, et al. Physicochemical properties of biodiesel synthesised from grape seed,
Philippine tung, kesambi, and palm oils. Energies 2020;16(3).

Chakraborty R, Sahu H. Intensification of biodiesel production from waste goat
tallow using infrared radiation: Process evaluation through response surface
methodology and artificial neural network. Appl Energy 2014;114:827-36.
Milano J, et al. Optimization of biodiesel production by microwave irradiation-
assisted transesterification for waste cooking oil-Calophyllum inophyllum oil via
response surface methodology. Energ Conver Manage 2018;158:400-15.
Martinez-Guerra E, Gude VG. Transesterification of used vegetable oil catalyzed by
barium oxide under simultaneous microwave and ultrasound irradiations. Energ
Conver Manage 2014;88:633-40.

Koutsouki AA, et al. In situ and conventional transesterification of rapeseeds for
biodiesel production: The effect of direct sonication. Ind Crop Prod 2016;84:
399-407.

Chipurici P, et al. Ultrasonic, hydrodynamic and microwave biodiesel synthesis — A
comparative study for continuous process. Ultrason Sonochem 2019;57:38-47.
Ideris F, et al. Optimization of ultrasound-assisted oil extraction from Canarium
odontophyllum kernel as a novel biodiesel feedstock. J Clean Prod 2021;288.
Tan SX, et al. State of the art review on development of ultrasound-assisted
catalytic transesterification process for biodiesel production. Fuel 2019;235:
886-907.

R, C., Indian Patent Application. 2012: India.

Pradhan P, Chakraborty S, Chakraborty R. Optimization of infrared radiated fast
and energy-efficient biodiesel production from waste mustard oil catalyzed by
Amberlyst 15: Engine performance and emission quality assessments. Fuel 2016;
173:60-8.

Hanif M, et al. Energ y saving potential using elite jatropha curcas hybrid for
biodiesel production i n Malaysia. Int J Recent Technol Eng 2019;8:6281-7.

Tan SX, et al. Process intensification of biodiesel synthesis via ultrasound-assisted
in situ esterification of Jatropha oil seeds. J Chem Technol Biotechnol 2019;94(5):
1362-73.

Godwin John J, et al. Waste cooking oil biodiesel with FeO nanoparticle — A viable
alternative fuel source. Mater Today: Proc 2023;72:1991-5.

Aryasomayajula Venkata Satya Lakshmi SB, et al. Biodiesel production from rubber
seed oil using calcined eggshells impregnated with Al203 as heterogeneous
catalyst: A comparative study of RSM and ANN optimization. Braz J Chem Eng
2020;37(2):351-68.

Goh BHH, et al. Ultrasonic assisted oil extraction and biodiesel synthesis of Spent
Coffee Ground. Fuel 2020;261:116121.

Ibrahim H, et al. An ultrasound assisted transesterification to optimize biodiesel
production from rice bran oil. Mech Eng 2020;11(2):225-34.

Zaidel, D.N.A., et al., 18 - Production of biodiesel from rice bran oil, in Biomass,
Biopolymer-Based Materials, and Bioenergy, D. Verma, et al., Editors. 2019,
Woodhead Publishing. p. 409-447.

Xu, X. and L. Cheong, Preface, in Rice Bran and Rice Bran Oil, L.-Z. Cheong and X.
Xu, Editors. 2019, AOCS Press. p. xi-xiii.

10

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Fuel 346 (2023) 128404

Hoang AT, et al. Rice bran oil-based biodiesel as a promising renewable fuel
alternative to petrodiesel: A review. Renew Sustain Energy Rev 2021;135:110204.
Lourengo VA, et al. Investigation of ethyl biodiesel via transesterification of rice
bran oil: bioenergy from residual biomass in Pelotas, Rio Grande do Sul - Brazil.
Renew Sustain Energy Rev 2021;144:111016.

Kusumo F, et al. A comparative study of ultrasound and infrared transesterification
of Sterculia foetida oil for biodiesel production. Energy Sources Part A 2017;39
(13):1339-46.

Liyanaarachchi VC, et al. Development of an artificial neural network model to
simulate the growth of microalga Chlorella vulgaris incorporating the effect of
micronutrients. J Biotechnol 2020;312:44-55.

Ong MY, et al. Modeling and optimization of microwave-based bio-jet fuel from
coconut oil: Investigation of response surface methodology (rsm) and artificial
neural network methodology (ann). Energies 2021;14(2).

Faizollahzadeh Ardabili S, et al. Computational intelligence approach for modeling
hydrogen production: a review. Eng Appl Comput Fluid Mechanics 2018;12(1):
438-58.

Kolakoti A, Satish G. Biodiesel production from low-grade oil using heterogeneous
catalyst: an optimisation and ANN modelling. Aust J Mech Eng 2020:1-13.
Onukwuli O, et al. Comparative analysis of the application of artificial neural
network-genetic algorithm and response surface methods-desirability function for
predicting the optimal conditions for biodiesel synthesis from chrysophyllum
albidum seed oil. J Taiwan Inst Chem Eng 2021;125.

Nasrudin MF, et al. Sardine feast metaheuristic optimization: An algorithm based
on sardine feeding frenzy. J Theor Appl Inf Technol 2021;99(17):4349-57.
Mirjalili S, Mirjalili SM, Lewis A. Grey Wolf Optimizer. Adv Eng Softw 2014;69:
46-61.

Panda, M. and B. Das. Grey Wolf Optimizer and Its Applications: A Survey. in
Proceedings of the Third International Conference on Microelectronics, Computing and
Communication Systems. 2019. Singapore: Springer Singapore.

Kundu P, et al. Formulation development, modeling and optimization of
emulsification process using evolving RSM coupled hybrid ANN-GA framework.
Chem Eng Res Des 2015;104:773-90.

Sukpancharoen S, et al. Unlocking the Potential of Transesterification Catalysts in
Biodiesel Production through Machine Learning Approach. Bioresour Technol
2023:128961.

Musa IA. The effects of alcohol to oil molar ratios and the type of alcohol on
biodiesel production using transesterification process. Egypt J Pet 2016;25(1):
21-31.

Lin L, et al. Biodiesel production from crude rice bran oil and properties as fuel.
Appl Energy 2009;86(5):681-8.

Pena AG, et al. Fourier transform infrared-attenuated total reflectance (FTIR-ATR)
spectroscopy and chemometric techniques for the determination of adulteration in
petrodiesel/biodiesel blends. Quim Nova 2014;37:392-7.

Zamba ZZ, Reshad AS. Synthesis of fatty acid methyl ester from Croton
macrostachyus (bisana) kernel oil: parameter optimization, engine performance,
and emission characteristics for Croton macrostachyus kernel oil fatty acid methyl
ester blend with mineral diesel fuel. ACS Omega 2022;7(24):20619-33.






the science and technology
of Fuel and Energy

PRINCIPAL EDITORS

Zuohua Huang

Xi'an Jiaotong University, School of Energy and Power
Engineering, Xi‘an, China

Regional Editor for China, Japan, Korea, South East
Asia, Taiwan

Bill Nimmo
The University of Sheffield, Sheffield,
England, United Kingdom

ASSOCIATE PRINCIPAL EDITORS

Avinash Kumar Agarwal
Indian Institute of Technology Kanpur,
Kanpur, India

Jorge Ancheyta
Mexican Petroleum Institute, Ciudad de Mexico,
Mexico

Pietro Bartocci
University of Perugia Department of Engineering,
Perugia, Italy

Lamia Goual
University of Wyoming, Laramie, WWyoming,
United States

Hao Liu
University of Nottingham, Nottingham, United Kingdom

Yasushi Sekine

Waseda University Faculty of Science and
Engineering Department of Applied Chemistry
Polymer Chemistry, Shinjuku-Ku, Tokyo, Japan

INTERNATIONAL EDITORIAL BOARD

Pavlos Aleiferis
Imperial College London, London, United Kingdom

Ben Anthony
CanmetENERGY, Ottawa, Ontario, Canada

Robert Brown
lowa State University, Bioeconomy Institute, Ames,
lowa, United States

Syed Sheraz Daood

University of the Punjab Faculty of Engineering and
Technology Institute of Chemical Engineering and
Technology, Lahore, Pakistan

Erjiang Hu

Xi'an Jiaotong University, School of Energy and
Power Engineering, Xi‘an, China

Mikko Hupa
Abo Akademi University Physics, TURKU, Finland

Marcis Jansons
Wayne State University, Detroit, Michigan,
United States

Anker Degn Jensen

Technical University of Denmark Department of
Chemical and Biochemical Engineering, Kgs Lyngby,
Denmark

Jenny Jones
University of Leeds, Leeds United Kingdom

Gerhard Knothe
USDA-ARS National Center for Agricultural Utilization
Research, Peoria, lllinois, United States

Baoqing Li
Chinese Academy of Sciences, Taiyuan, Shanxi,
China

Bo Leckner
Chalmers University of Technology, Gothenburg,
Sweden

Chang Sik Lee
Hanyang University Division of Mechanical
Engineering, Seongdong-gu, Korea, Republic of

Chun-Zhu Li
Curtin University Fuels and Energy Technology
Institute, Perth, Western Australia, Australia

Wenying Li
Taiyuan University of Technology Key Laboratory of
Coal Science and Technology, Taiyuan, China

Cherng-Yuan Lin
National Taiwan Ocean University, Keelung,
Taiwan

Oliver C. Mullins
Schlumberger-Doll Research Ridgefield, Ridgefield,
Connecticut, United States

John Patrick
University of Nottingham, Nottingham, United
Kingdom

Constantine D. Rakopoulos
National Metsovian Polytechnic, Zografos, Greece

Harold H. Schobert
Schobert International LLC, Jordan, Minnesota,
United States

Mohammad Nahid Siddiqui
King Fahd University of Petroleum & Minerals, Al
Dhahran, Saudi Arabia

Juan Tascon
Spanish Scientific Research Council, Oviedo, Spain

Mark Thomas
Newcastle University, Newcastle Upon Tyne,
United Kingdom

Eric Suuberg

Brown University, Providence, Rhode Island,
United States

Regional Editor for North America, South America

Kevin Van Geem

Ghent University Department of Materials Textiles
and Chemical Engineering Center for Sustainable
Chemistry Laboratory for Chemical Technology,
Ghent, Belgium

Bianca Maria Vaglieco
Institute of Engines National Research Council,
Napoli, Italy

Stanislav V. Vassilev
Bulgarian Academy of Sciences, Sofia, Bulgaria

Alan Williams
University of Leeds, Leeds, United Kingdom

Paul T. Williams
University of Leeds, Leeds, United Kingdom

Randall E. Winans
Argonne National Laboratory, Lemont, lllinois,
United States

Bin Yang
Tsinghua University Center for Combustion Energy,
Beijing, China

Haiping Yang

Huazhong University of Science and Technology
State Key Laboratory of Coal Combustion, Wuhan,
China

Chunde Yao
Tianjin University State Key Laboratory of Engines,
Tianjin, China

Zhenjiang You
University of Queensland, Brisbane, Queensland,
Australia

Jan Yperman
Universiteit Hasselt Institute for Materials Research,
Diepenbeek, Belgium

Dongke Zhang
The University of Western Australia Centre for
Energy, Crawley, Western Australia, Australia



Submit your article 2

Q  Searchin this journal

Volume 346

15 August 2023

{ Previous vol/issue Next vol/issue >

Receive an update when the latest issues in this journal are published

L\ Signin to set up alerts

® Full text access

Editorial Board

Article 128542

View PDF
Full Length Articles

Research article ® Full text access

Enhancement in anaerobic biogas conversion by visible light photocatalytic Pre-treatment of rice husk with indium vanadate decorated
titanium dioxide nanocomposite

Jamshaid Rashid, Talha Tufail Bhatti, Muhammad Hassan, M.A. Barakat, ... Ming Xu

Article 128289

View PDF Article preview

Research article ® Full text access

A new WSGG radiation model of CO/CO, mixed gas for solar-driven coal/biomass fuel gasification

Qi Zhang, Shiquan Shan, Zhijun Zhou, Kai H. Luo
Article 128241

'@ View PDF Article preview v

Research article ® Full text access

Effect of turbulent mixing on combustion behaviours of a single biomass pellet

Huina Guo, Lele Feng, Yuxin Wu, Yang Zhang
FEEDBACK



Submit your article »

S|
rticle 39

View PDF Article preview v

Research article ® Full text access

Experimental and theoretical investigation of ethyl methyl carbonate/air flames: Laminar burning velocity and cellular instability at
elevated pressures

Lulu Yin, Wu Xu, Yong Hu, Yong Jiang
Article 128206

View PDF Article preview

Research article ® Full text access

Super adiabatic flame temperature phenomenon for NH3/0,/N; mixtures
Xu He, Zechang Liu, Houshi Jiang, Qing Yang, ... Chengyuan Zhao

Article 128264

View PDF Article preview

Research article ® Full text access

The effect of rock permeability and pore structure on foam in carbonate rocks
Motaz Taha, Pramod Patil, Quoc P. Nguyen

Article 128246

View PDF Article preview v

Research article ® Full text access

Preparation of formed coke product as a coke substitute using a solid waste fuel: Trimethylbenzene improvement on coal tar pitch
Lin Wang, Yongbin Yang, Yang Ou, Peiyao Tang, ... Tao Jiang

Article 128275

Th) View PDF Article preview

Research article ® Full text access

Additive manufacturing new piston design and injection strategies for highly efficient and ultra-low emissions combustion in view of
2030 targets

Gabriele Di Blasio, Roberto Ianniello, Carlo Beatrice, Francesco C. Pesce, ... Giacomo Belgiorno
Article 128270

T4 View PDF Article preview

Research article ® Full text access

Experimental study on the contribution of included/excluded minerals to particulate formation during coal char combustion
Yimin Shang, Sigi Liu, Yanging Niu, Guangqing Zhu, ... Shi'en Hui

Article 128282

View PDF Article preview v

G FEEDBACK



Submit your article »

Q

Research article ® Full text access

A study on the combustion performance and NOX emissions characteristics of a novel U-type radiant tube based on MILD combustion
theory

Huanbao Fan, Junxiao Feng, Wei Bai, Hui Wang, ... Qian Xu
Article 128321

View PDF Article preview

Research article ® Full text access

Energy analysis and research on injection control parameter influence mechanism of air assisted spray system
Jin Zhao, Haoyu Ding, Luxin Fu, Bing Bai, ... Xu He

Article 128204

View PDF Article preview v

Research article ® Full text access

Experimental and kinetic study of N,O thermal decomposition in pressurized oxy-combustion
Gaofeng Dai, Su Zhang, Yixiang Zhang, Yuhan Liao, ... Xuebin Wang

Article 128323

TH) View PDF Article preview

Research article @ Full text access

How does surfactant aid the displacement of oil by water in nanoscale cracks?
Zechen Zhang, William A. Ducker

Article 128248

T4 View PDF Article preview

Research article ® Full text access

Study on extract-pyrolysis cascading utilization characteristics of typical biomass using imidazolium-based ionic liquids
Tiantian Jiao, Shaojie Lin, Guangming Bai, Chuhan Ren, ... Peng Liang

Article 128279

T View PDF Article preview

Research article ® Full text access

Dynamic prediction of SO, emission based on hybrid modeling method for coal-fired circulating fluidized bed
Jiyu Chen, Mingming Gao, Hongfu Zhang, Haoyang Yu, Guangxi Yue

Article 128284

View PDF Article preview v

Research article ® Full text access

Maximizing jet fuel production from n-hexadecane hydrocracking over Pt-supported Y catalysts: Importance of ideal hydrocracking

characteristics
G) FEEDBACK



Submit your article »

Q

Tabinda Rasheed, Aamir Rasheed, Fatimah Mohammed A. Alzahrani, Sara Ajmal, ... Seung Goo Lee
Article 128305

T View PDF Article preview

Research article ® Full text access

NO formation and reduction during methane/hydrogen MILD combustion over a wide range of hydrogen-blending ratios in a well-
stirred reactor

Shunta Xu, Yuhang Tong, Shaocai Jin, Hao Ren, ... Hao Liu

Article 128324

T View PDF Article preview

Research article ® Full text access

A study of blending carbon nanoparticles made of coconut shell (fullerene Cgp) in vegetable oils on the droplet evaporation
characteristics

Ena Marlina, Akhmad Farug Alhikami, Budi Waluyo, Sekar Rahima Sahwahita, ING Wardana

Article 128319

View PDF Article preview

Research article ® Full text access

Four-step global kinetics mechanism for diluted combustion fueled with kerosene
Yuzuru Nada, Yoshiyuki Kidoguchi, Ryosuke Isoda, Hiroto Honjo, ... Kazuya Sugiyama
Article 128322

View PDF  Article preview v

Research article ® Full text access

Performance of elliptical nozzles on the spray dynamics of convergent and constant section nozzles by means of a £ - Y coupled model
FJ. Salvador, J.M. Pastor, J. Gomez-Soriano, E.C. Martinez-Miracle

Article 128259

TH) View PDF Article preview

Research article ® Full text access

A new visual approach with the concentration calibration method for the hydrogen leakage and distribution research

Jianwei Li, Zhonghao Tian, Qingging Yang, Lili Feng, ... Hao Lan
Article 128132

L) View PDF Article preview

Research article ® Full text access

Use of hydrogen peroxide to prime the autohydrolysis and enzymatic hydrolysis efficiency of wheat straw pulp residues

Xinxing Wu, Zhiwei Fan, Shadrick Mwansa, Chen Huang, Qiang Yong

Article 128283 G FEEDBACK



Submit your article »

View PDF Article preview VvV

Research article @ Full text access

Pivotal role of MnOx physicochemical structure in soot oxidation activity
Rasika Mane, Heesu Kim, Kyeongwon Han, Kyoung-Jin Kim, ... Yukwon Jeon
Article 128287

TH) View PDF Article preview

Research article ® Full text access

Experimental investigations on fuel spatial distribution characteristics of aeroengine afterburner with all typical components
Xingyu Yang, Weijun Fan, Rongchun Zhang

Article 128320

Th) View PDF Article preview

Research article ® Full text access

Molecular insights into ions permeation and destruction behavior in methane hydrate driven by electrostatic fields
Jie Chen, Zhengcai Zhang, Yongchao Hao, Daniel Porfirio Luis Jiménez, ... Gaowei Hu

Article 128211

View PDF Article preview v

Research article ® Full text access

Influence of direct-injection ratio on combustion and emissions of a stoichiometric spark-ignition dual-injection gasoline engine at
different throttle percentages and injection timings of direct-injection

Changming Gong, Jiawei Yu, Fenghua Liu
Article 128262

View PDF Article preview v

Research article ® Full text access

Effect of acid concentration on organic structure and small molecule stripping of coal during acid treatment and electrolysis for
hydrogen production

Cong Chen, Jianzhong Liu, Jianbin Wang, Dedi Li, ... Jun Cheng
Article 128313

View PDF Article preview

Research article ® Open access

Effect of water and methanol concentration in the feed on the deactivation of In,03-ZrO,/SAPO-34 catalyst in the conversion of CO,/CO
to olefins by hydrogenation

A. Portillo, O. Parra, J. Erefia, AT. Aguayo, ... A. Ateka
Article 128298

View PDF Article preview v

G FEEDBACK



Submit your article »

Q

Research article ® Full text access

Co-deposition characteristics of hydrates and sands in gas-salty water-sands flow system
Lihao Liu, Bohui Shi, Shangfei Song, Yuchuan Chen, ... Jing Gong
Article 128276

View PDF Article preview

Research article ® Full text access

Spontaneous combustion of coal in regenerated roof and its prevention technology
Wangxin Gu, Yi Lu, Zhihong Yan, Fanghua Wu, ... Xiaoying Wu

Article 128280

View PDF  Article preview v

Research article ® Full text access

Biogas dry reforming over Ni-La-Ti catalysts for synthesis gas production: Effects of preparation method and biogas composition
Santiago Veiga, Mariano Romero, Ricardo Faccio, Darfo Segobia, ... Juan Bussi

Article 128300

Th) View PDF Article preview

Research article @ Full text access

Nickel based catalyst supported by carbon aerogel prepared from waste pomelo peel to crack ethanol for hydrogen production:
Catalytic performance and mechanism

Jialin Zhang, Song Hu, Yong Ding, Rui Huang, ... Jun Xiang

Article 128278

T4 View PDF Article preview

Research article ® Full text access

Role of Zn-Al oxide structure and oxygen vacancy in bifunctional catalyst for syngas conversion to light olefins
Fanhui Meng, Baozhen Li, Jinghao Zhang, Lina Wang, Zhong Li

Article 128351

T View PDF Article preview

Research article ® Full text access

Improving attrition resistance of oxygen carriers by biomass ash in chemical looping process
Li Yang, Wenbin Chen, Chen Song, Caifu Li, ... Fang Liu

Article 128352

View PDF Article preview v

Research article ® Full text access

Identifying the promotional mechanism for the activity and SO, resistance of Ce-doped K-OMS-2 for the low-temperature SCR of NO

with NH3



Submit your article »

thao Xing, Mengwei Yu, Cheng Chen, Xi Jiang

Article 128357

T View PDF Article preview v

Research article ® Full text access

Unveiling the CeO, morphology effect in Pd-CeO,/C heterostructures catalysts for formic acid dehydrogenation
Zhongchun Yuan, Tingting Cao, Min Deng, Jun Mg, ... Xiaodan Wang

Article 128333

View PDF Article preview v

Research article ® Full text access

Construction of mesoporous Ru@ZSM-5 catalyst for dichloromethane degradation: Synergy between acidic sites and redox centres
Yu Wang, Pu Wang, Xuefeng Lu, Ning Hu, ... Li Wang

Article 128337

View PDF Article preview

Research article ® Full text access

Effect of environmentally friendly and efficient metal-free hydrochars as catalysts on sodium borohydride hydrolysis
Orhan Baytar, Omer Sahin, Arzu Ekinci

Article 128308

View PDF Article preview

Research article ® Open access

Experimental probe into an automative engine run on waste cooking oil biodiesel blend at varying engine speeds
Keshab Biswakarma, Pranjal Sarmah, Prabhu Paramasivam, Seshathiri Dhanasekaran, ... Virendra Kumar

Article 128364

View PDF Article preview v

Research article ® Full text access

A hybrid data-driven machine learning framework for predicting the performance of coal and biomass gasification processes
Qingchun Yang, Jinliang Zhang, Jianlong Zhou, Lei Zhao, Dawei Zhang

Article 128338

Th) View PDF Article preview

Research article ® Full text access

Coupling of alkaline and mechanical modified fly ash for HCI and SO, removal in the municipal solid waste incineration plant

Zhaoyu Cai, Bing Du, Xiaodong Dai, Tao Wang, ... Yongsheng Zhang
Article 128354

Th) View PDF Article preview

G FEEDBACK



Submit your article »

Q

Research article ® Full text access

Effect of electrochemical surface area on carbon dioxide electrolysis using anionic electrolyte membrane electrode assembly
Toru Uenishi, Masaya Ibe
Article 128309

View PDF Article preview

Research article ® Full text access

pH-Regulated lignin as a green catalyst for Highly-Efficient CO, cycloaddition
Yidan Ouyang, Bin Lei, Zhouging Tan, Fen Hu, ... Feifei Chen

Article 128353

View PDF  Article preview v

Research article ® Full text access

Graded synthesis of high performance adsorbent from coal gasification fine slag and its application in the removal of methyl blue
Bin Liu, Zhen Chai, Peng Lv, Yonghui Bai, ... Guangsuo Yu

Article 128318

Th) View PDF Article preview

Research article ® Full text access

Endothermic relaxation behavior of gangue in longwall gob: Bidirectional heat transfer model and its simulation validation
Yipeng Song, Yueping Qin, Linxiao Yan, Wenjie Guo, Hao Xu

Article 128349

TH) View PDF Article preview

Research article ® Full text access

Mercury removal over Ce-doped LaCoO3 supported on CeO, at low temperatures from coal combustion flue gas
Xin Huang, Zijun Ran, Zhi He, Jingyu Ran

Article 128350

T View PDF Article preview v

Research article ® Full text access

Insight into the precise catalytic mechanism of CuO on the decomposition and combustion of core-shell AI@AP particles
Xinjian Zhou, Ruixuan Xu, Hongqi Nie, Qilong Yan, ... Yunlan Sun

Article 128294

View PDF Article preview v

Research article ® Full text access

Effects of water immersion on the pore structure and thermodynamic properties of coal gangue

Yabo Zhang, Xuyao Qi, Jianguo Zou, Yuxuan Rao, ... Zhonggqiu Liang

Article 128273 G) FEEDBACK



Submit your article »

View PDF Article preview VvV

Research article ® Full text access

Micropores manipulation of medium-rank coal through aggregate structure evolution during coalification: A study based on HRTEM
analysis

Xiaozhen Chen, Meifen Li, Jianhua Xiang, Yan Shao

Article 128380

TH) View PDF Article preview

Research article ® Open access

Hydrogen, carbon dioxide, and methane adsorption potential on Jordanian organic-rich source rocks: Implications for underground H,
storage and retrieval

Amer Alanazi, Hussein Rasool Abid, Muhammad Usman, Muhammad Ali, ... Hussein Hoteit

Article 128362

Th) View PDF Article preview v

Research article ® Full text access

Synthetic silico-metallic particles-SSMMP-Ni and SSMMP-Ni-IL: CO, capture and utilization
Daniela Rodrigues, Julia Wolf, Barbara Polesso, Pierre Micoud, ... Sandra Einloft

Article 128304

View PDF Article preview v

Research article ® Full text access

Thermodynamic appraisal of naphtha to light olefins based on different reaction pathways and independent chemical reactions
Dongyang Liu, Liang Zhao, Haiping He, Yibo Zhi, ... Chunming Xu

Article 128281

View PDF Article preview

Research article ® Full text access

Insight into the enhanced tolerance of Mo-doped Ce0,-Nb,0s5/TiO, catalyst towards the combined effect of K,0, H,0 and SO, in NH3-
SCR

Ye Jiang, Hongwei Ge, Zhengda Yang, Zhuang Ji, ... Xu Ran
Article 128339

View PDF Article preview

Research article ® Open access

A formulation based on a cationic surface-active ionic liquid and an anionic surfactant for enhanced oil recovery at a carbonate

reservoir

Alba Somoza, M. Flor Garcia-Mayoral, Ana Soto
Article 128363

View PDF  Article preview v (O FEEDBACK



Submit your article »

Q

Research article ® Full text access

Development of novel dimethyl ether - Glycerol blends with improved viscosity and miscibility for potential compression-ignition
engine application

Taemin Kim, André L. Boehman
Article 128301

View PDF Article preview

Research article ® Full text access

Effects of different hydrogen bond donors on the extraction of gasoline additive ethanol using deep eutectic solvents formed by choline
chloride and dihydric alcohol or dicarboxylic acid as extractant

Yixin Ma, Yanan Li, Mengjin Zhou, Xiaoying Zhang, ... Xin Li

Article 128382

View PDF Article preview v

Research article ® Full text access

Flue gas arsenic trioxide removal from sludge incineration by sulfate-reducing membrane biofilm reactor
Zuotong Wu, Zhuoyao Chen, Wenhao Huang, Zaishan Wei

Article 128295

TH) View PDF Article preview

Research article ® Full text access

Leaching morphology characteristics and environmental risk assessment of 13 hazardous trace elements from municipal solid waste
incineration fly ash

Yuanbo Lou, Shengchao Jiang, Bing Du, Xiaodong Ddi, ... Yongsheng Zhang

Article 128374

Th) View PDF Article preview

Research article ® Full text access

Effect of residual carbon on coal ash melting characteristics in reducing atmosphere
Lirui Mao, Mingdong Zheng, Baoliang Xia, Facun Jiao, ... Hanxu Li

Article 128385

View PDF Article preview v

Research article ® Full text access

Mechanistic role of y-valerolactone co-solvent to promote ethyl levulinate production from cellulose transformation in ethanol
Qiang Lu, Yuefang Chen, Weipeng Song, Chaonan Tao, ... Huai Liu

Article 128371

View PDF Article preview v

Research article ® Full text access

G FEEDBACK



Submit your article »

Q

The investigation of auto-ignition properties of 1-butanol-biodiesel blends under various temperatures conditions

Hubert Kuszewski, Artur Jaworski, Maksymilian Mgdziel, Pawet Wo$
Article 128388

Th) View PDF Article preview

Research article ® Full text access

Sn-doped nanoconfinements of SBA-15 for oxidative desulfurization: Kinetics and thermodynamics
Mateen Ahmad, Sobia Aslam, Fazle Subhan, Liu Zhen, ... Afaq Nazir

Article 128372

T View PDF Article preview

Research article ® Full text access

Synthesized PdNi/C and PdNiZr/C catalysts for single cell PEM fuel cell cathode catalysts application
Omer Sahin, Abdurrahman Akdag, Sabit Horoz, Arzu Ekinci

Article 128391

T View PDF Article preview

Research article ® Full text access

Construction of flower-like nanoassembly P-doped MOF-derived MoS;/CogSg grown on hexagonal microporous alumino-silicate
framework for overall water splitting in alkaline media

Fatemeh Amiripour, Shahram Ghasemi
Article 128299

View PDF Article preview

Research article ® Full text access

Insight into the better performance of Co than Pt on Ce-Sn catalyst for soot oxidation
Meng Wang, Yan Zhang, Yunbo Yu, Wenpo Shan, Hong He

Article 128379

View PDF  Article preview v

Research article ® Full text access

Numerical study in the pressure effects on coal catalytic hydrogasification in the bubbling fluidized bed

Zhipeng Yao, Xudong Song, Shuai Yan, Zihong Xig, ... Jicheng Bi
Article 128383

) View PDF Article preview

Research article ® Full text access

Uniform Ni species encapsulated in nanocrystalline ZSM-5 with enhanced catalytic performance for upgrading of fatty acids

Wenhao Wang, Longhui Guo, Xinyu He, Longbin Deng, ... Yajie Tian

Article 128411 G FEEDBACK



Submit your article »

Q

TH) View PDF Article preview

Research article ® Full text access

Ethanol steam reforming over attapulgite-based MCM-41 supported Ni-Ce-Zr catalyst for hydrogen production
Minggiang Chen, Xiaoyang Feng, Yishuang Wang, Defang Liang, ... Jun Wang

Article 128373

TH) View PDF Article preview

Research article ® Full text access

Study on the construction of char-supported NiFe-NiFe,04 catalyst and its catalytic cracking mechanism of biomass tar under relative
low temperature

Shuping Zhang, Yizhe Shang, Jiaxing Wang, He Chen, ... Huiyan Zhang

Article 128412

Th) View PDF Article preview v

Research article ® Full text access

Comparing two methods of acquiring stable fluidization state for binary particles during measurement of segregation
Quanhong Zhu, Qiang Zhang, Peiyi Yang, Hengjun Gai, ... Tingting Huang

Article 128410

View PDF Article preview v

Research article ® Full text access

Coupled 3D evolutionary reconstruction technique for multi-simultaneous measurements
Andreas Unterberger, Fabio ]J.W.A. Martins, Khadijeh Mohri

Article 128336

View PDF Article preview

Research article ® Full text access

Mechanical engineering advantages of a dual fuel diesel engine powered by diesel and aqueous ammonia blends
Mohamed F. Al-Dawody, Wisam Al-Obaidi, Emad D. Aboud, Mohammed A. Abdulwahid, ... Amjad Igbal

Article 128398

View PDF Article preview

Research article ® Full text access

Coal/NHj3 interactions during co-pyrolysis and their effects on the char reactivity for NO-reduction: A ReaxFF MD study

Dikun Hong, Yajing Guo, Chunbo Wang, Riguang Wei
Article 128415

View PDF Article preview v

G FEEDBACK



Submit your article »

Q

Research article ® Full text access

A hierarchical reduction method with selective targets for combustion modeling of large Hydrocarbons: A case study of 1,3,5-
Trimethylbenzene skeletal mechanism

Chenyu Tuo, Xin Hui, Chih-Jen Sung
Article 128277

View PDF Article preview

Research article ® Full text access

Enhancement of biofuel quality via conventional and catalytic co-pyrolysis of bamboo with polystyrene in a bubbling fluidized bed
reactor: Coupled experiments and artificial neural network modeling

Thuan Anh Vo, Hoang Vu Ly, Injun Hwang, Hyun Tae Hwang, ... Seung-Soo Kim
Article 128403

View PDF Article preview v

Research article ® Full text access

Study on high-value products of waste plastics from microwave catalytic pyrolysis: Construction and performance evaluation of
advanced microwave absorption-catalytic bifunctional catalysts

Juan Luo, Guojin Gong, Rui Ma, Shichang Sun, ... Ning Ma
Article 128296

TH) View PDF Article preview

Research article ® Full text access

Plasmon Ag/CulnS,/BiVO, core-shell decahedral S-scheme heterojunction superstructures for robust photocatalytic performance
Hui Peng, Zipeng Xing, Weifeng Kong, Chunxu Wu, ... Wei Zhou

Article 128368

Th) View PDF Article preview

Research article ® Full text access

Online analysis method for pyrolysis products with large volatility difference at high temperature and pressure: Pyrolysis kinetics of
supercritical pressure n-decane

Yusen Wang, Yinhai Zhu, Yuxiang Cheng, Pei-Xue Jiang
Article 128245

View PDF Article preview v

Research article ® Full text access

Research on migration and transformation behavior of selenium during the dual-alkali wet flue gas deacidification process in the
simulated flue gas

Huasheng Wang, Bing Yuan, Hongyun Hu, Lu Dong, ... Hong Yao
Article 128408

View PDF Article preview

G FEEDBACK



Submit your article »

Q

Research article ® Full text access

The development of life cycle greenhouse gas emission footprints of novel pathways for the solvent-assisted and solvent-
electromagnetic heating oil sands extraction processes

A.O. Oni, I.C. Toro Monsalve, A. Kumar
Article 128399

View PDF Article preview

Research article ® Full text access

Optimization of biodiesel production from rice bran oil by ultrasound and infrared radiation using ANN-GWO
A.H. Sebayang, Fitranto Kusumo, Jassinnee Milano, A.H. Shamsuddin, ... Shir Reen Chia

Article 128404

View PDF Article preview v

Research article @ Full text access

Zn-CdZrOx solid solution catalysts for hydrogenation of CO, to methanol
Xiaolian Ma, Xin Li, Xu Yang, Xin Tian, ... Baojun Ma

Article 128376

TH) View PDF Article preview

Research article ® Full text access

Biogenic methane production from lignite in cube: Comparison of the inner and outer part of coal
Lunru Yan, Kaiyi Gong, Hongguang Guo, Yixuan Zhang, ... Michael Urynowicz

Article 128370

T4 View PDF Article preview

Research article ® Full text access

Co-pyrolysis of oil-based drill cuttings and pinewood sawdust: Thermal behavior, synergistic effect, artificial neural network and
empirical reaction model

Quanwei Ly, Yuting Li, Li'ao Wang, Lingyue Liu, ... Jisong Bai

Article 128377

View PDF Article preview v

Research article ® Full text access

Comparative study on bipolar plate geometry designs on the performance of proton exchange membrane fuel cells

Tabbi Wilberforce, Amirpiran Amiri
Article 128389

T View PDF Article preview

Research article ® Full text access

G FEEDBACK


user
Highlight


Submit your article 2

Q

Pagelofz

{ Previous vol/issue Next vol/issue >

ISSN: 0016-2361

Copyright © 2024 Elsevier Ltd. All rights are reserved, including those for text and data mining, AI training, and similar technologies.

& ‘%?}-" %

ELSEVIER

All content on this site: Copyright © 2024 Elsevier BV, its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the

Creative Commons licensing terms apply.

& RELX™

G FEEDBACK



SIR

SJ R Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Fuel
COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER H-INDEX
Netherlands Chemical Engineering Elsevier B.V.
Chemical Engineering (miscellaneous)

Ty Universities and research

AL i stitutions in Netherlands Chemistry
Organic Chemistry

. Media Ranking in Netherlands
» Energy

Energy Engineering and Power
Technology
Fuel Technology

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Journals 00162361, 18737153 1922,1970-2024 Homepage
How to publish in this journal

Contact

SCOPE

Research into energy sources remains a key issue. Over the last 80 years, Fuel has been the leading source of primary research work in fuel & science. The scope is broad and includes many
topics of increasing interest such as environmental aspects and pollution.

Q Join the conversation about this journal



£ Quartiles

FIND SIMILAR JOURNALS @ options §
Journal of the Energy Fuel Processing Technology Clean Coal Technology Journal of Analytical and Journal of Fuel Chemistry
Institute Applied Pyrolysis and Technology S

90% 88% 79% 60% 58%

® SR @ Total Documents Citations per document
24 4k 10
1.8
2k 8
12
0.6 0 6
1999 2002 2005 2008 2011 2014 2017 2020 2023 1999 2002 2005 2008 2011 2014 2017 2020 2023
4
® Total Cites @ Self-Cites @ External Cites per Doc @ Cites per Doc =
80k
12 2
8 0
40k
4 1999 2002 2005 2008 2011 2014 2017 2020 2023
0 Cites / Doc. (4 years)
0 @ Cites / Doc. (3 years)
1999 2002 2005 2008 2011 2014 2017 2020 2023 1999 2002 2005 2008 2011 2014 2017 2020 2023 @ Cites/ Doc. (2 years)
® % International Collaboration @ Citable documents ® Non-citable documents By @ Cited documents @ Uncited documents R
10k 10k
36
27
5k 5k
18
9
0 0
1999 2002 2005 2008 2011 2014 2017 2020 2023 1999 2002 2005 2008 2011 2014 2017 2020 2023 1999 2002 2005 2008 2011 2014 2017 2020 2023
® % Female Authors @ Documents cited by public policy (Overton) = ® Documents related to SDGs (UN)
375 80 1.8k
30 1.2k
40
225 600
15 0 0
1999 2002 2005 2008 2011 2014 2017 2020 2023 1999 2002 2005 2008 2011 2014 2017 2020 2023 2018 2019 2020 2021 2022 2023
Fuel «— Show this widget in G sClmago Graphica
your own website
i Explore, visually
Chemical !
Q‘] Engineering Just copy the code below communicate and make
(miscetaneons) s and paste within your himi sense of data with our
code: i izati
§n2023 N new data visualization
145 <a href="https://www.scim tool.
powered by «imagojs com



Metrics based on Scopus® data as of March 2024

G Hassan 4 years ago

Dear Team
Thanks so much
Best regards

4= reply

G JFiSwa 6 yearsago

Dear Team

Thank you a lot for your info and journal details.

Regards
http://www.master-thesis.ir/

= reply

@ IbsaNee © years ago

| need to get information about this paper research
4= reply

Elena Corera © years ago

@ SCimago Team
L
Dear Ibsa,

thank you very much for your comment. Unfortunately, we cannot help you with your
request, we suggest you contact journal’s editorial staff so they could inform you more

deeply. You can find contact information in SJR website https://www.scimagojr.com

Anyway, if there is any user who has already published in the journal, maybe could help us
with your request.

Best Regards,

SClmago Team

e S MANIGANDAN  © years ago

My Manuscript was handled by Principal Editor John William Patrick. | was very happy with the
encouragement from the editor side. Professor suggested several comments to improve my
article. The end result is Accepted. But | have waited 1 year and gone through 2 revision. Worth

waiting. Now my citation is improving.

4= reply

SClmago Team

Elena Corera © years ago

Thanks for your participation!

Leave a comment

Name

Email

(will not be published)



The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication in the
journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

cimagoJR

Legal Notice

Prive oli

QThis site uses Google AdSense ad intent links. AdSense automatically generates these links and they may help creators earn money.



& Scopus

Source details

Fuel

Years currently covered by Scopus: 1922, from 1970 to 2025
Publisher: Elsevier

ISSN: 0016-2361 E-ISSN: 1873-7153

Su bject area: CChemistry: Organic Chemistry) (Chemical Engineering: General Chemical Engineering>

CEnergy: Energy Engineering and Power Technology) CEnergy: Fuel Technology)

Source type: Journal

View all documents > Set document alert |5 Save to source list

CiteScore  CiteScore rank & trend ~ Scopus content coverage

CiteScore 503 v CiteScoreTracker 2024 ®

12 8 153,397 Citations 2020 - 2023 164,037 Citations to date
* 11,967 Documents 2020 - 2023 12' 8 ) 12,865 Documents to date

Calculated on 05 May, 2024 Last updated on 05 October, 2024 « Updated monthly

CiteScore rank 2023 @

Category Rank Percentile
Chemistry
L #10/211 95th

Organic Chemistry

Chemical Engineering

General Chemical #19/273 93rd

Engineering

Enerev

View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢

CiteScore 2023

12.8

SJR 2023

1.451

SNIP 2023

1.645



About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

AARFERZERTT S
EF RMET R
EEEBTURE

MpocMOTp BEPCUU HA PYCCKOM Si3blke

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 7 Privacy policy 71 Cookies settings

All content on this site: Copyright © 2024 Elsevier B.V. 7, its licensors, and contributors. All rights are reserved, including those for text
and data mining, Al training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.
We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies 7.

RELX™



