Glycerolysis Using KF/CaO-MgO
Catalyst: Optimisation and
Reaction Kinetics

by Lugman Buchori

Submission date: 31-May-2021 11:30AM (UTC+0700)

Submission ID: 1597555138

File name: 14585-Article_Text-46250-1-10-20200902.pdf (854.83K)
Word count: 5082

Character count: 26074



Jurnal
Teknologi

Full Paper

GLYCEROLYSIS  USING  KF/CAO-MGO ricle history
CATALYST: OPTIMISATION AND 22 January 2020
Received in revised form

REACTION KINETICS 22 July 2020
Accepted

Lugman Buchori*, Mohammad Djaeni, R. Rathawati, Diah 27 July 2020
Susetyo Retnowati, H. Hadiyanto, Didi Dwi Anggoro Published online
27 August 2020

Department of Chemical Engineering, Faculty of

Engineering, Diponegoro University, JI. Prof. Soedarto, SH
Tembalang, Semarang, 50275, Indonesia

*Corresponding author
lugman.buchori@che.undip.ac.id

Graphical abstract

Abstract

Monoglycerides can be produced through glycerolysis using a heterogeneous
catalyst. The purpose of this study is to analyse the optfimum conditions for the
production of monoglycerides from glycerol and cooking oil using KF/CaO-mMgO
base catalysts and fo investigate the kinetics of the menoglyceride glycerolysis
reaction. The response surface method (RSM) was used fo determine the
favourable conditions by varying the catalyst amount (X} between 0.1, 0.2 and
0.3% (w/w); the reaction temperature (Xz2) between 210, 220 and 230°C and
reaction time (X:} between 2, 3 and 4 hours. Gas chrematography-mass
spectrometry (GC-MS) was used fo determine the monoglycerides, while
catalysts were charactersed by X-ray diffrfaction (XRD) and the Brunauer-
Emmett-Teller method (BET). The results showed that, among the three factors
examined, femperature shows the most confrol over this glycerolysis reaction.
The most favourable conditions are X = 0.19% [w/w), Xz = 208.37°C and Xa = 3.20
hours, which provide a monoglyceride yield of 41.58%. The constants for the
reaction kinetics of the monoglyceride formation, ki and kz are 1.0418% and
0.88945 hour!, respectively.
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1.0 INTRODUCTION

Glycerolysis can be camied out with or without a
catalyst. The catalyst simply accelerates the reaction

Glycerolysis is the reaction of glycerol with by directing OH groups to MAG formation. The

friglycerides (fafs/oils) to form mono-acyl glycerol
(MAG) and di-acyl glycerol [DAG]). Monoacylglycerol
(MAG)/monoglycerides (MG) are widely used as
surfactants and emulsifiers in food, cosmetics and
pharmaceutical products [1]. In the food industry, the
consumption of MAG/MG reaches 75% of the total
emulsifying production. Specifically, monoglycerides
are used for the productions of bakery products,
margarine, dairy products and confectionary [2].
Additionally, they can be wused as synthetic
constituents and plasticisers [3, 4].

reaction can be caried out with either of two
methods: chemical synthesis (using acid, basic, or
metal oxide catalysts), or enzymatic synthesis (using
lipase catalysts) [5]. Compared to chemical synthesis,
enzymatic  synthesis has several advantages
including mild reaction conditions, higher yields and
lower energy consumption [6]. However, enzymatic
synthesis is  more complex, fime-consuming,
expensive and the enzymes are difficult to separate
from the product [2, 5]. In contrast, chemical
synthesis has a short reaction pericd [7]. Base
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catalysts are more widely used than acid catalysts
because the reaction time is faster, the reaction is
non-corrosive and it produces higher yields [8]. Most
often, the reaction proceeds under alkaline
conditions and the most frequently used base
catalysts include NaOH [9], NaOCHs [10], CaO [11]
and MgO [3]. However, pure base catalysts,
especially metal oxides, have lower catalyst activities
compared to mixed metal oxides [12].

The use of impregnated mixed metal oxide
catalysts, KF/CaO-MgQO catalyst in particular, in the
glycerolysis reaction has not been investigated yet.
Impregnating the supporting material with a solid
metal oxide catalyst has many advantages such as
increased catalyst surface areq, high monoglyceride
selectivity, environmentally friendly, easy catalyst
separation  and  inexpensive  product-purification
processes [13]. Since this catalyst shows great
potential, it is important to explore its use in
glycerolysis.

The glycerolysis reaction between glycerol and oil
is a multiphase reaction. It is camed out at high
temperature (250°C) in order to increase the solubility
of glycerol in the oil, which is only around 4% at room
temperature [14]. Due to the multiphase properties of
the sample, studies of the kinetics of the glycerolysis
reaction between glycerol and triglycerides have not
been carried out.

The present study aims to determine the optfimum
conditions and the corresponding reaction rate
constants of the dlycerolysis reaction between
glycerol and triglycerides. Optimisation is caried out
using the response surface method (RSM) with the
Statistica  software  version 12.0 concerning the
catalyst amount (Xi), reaction temperature (Xz2) and
reaction time (Xs). The reaction kinetics is solved using
the fourth-order Runge-Kutta.

2.0 METHODOLOGY
2.1 Materials

In this research, the KF/CaO-MgO catalyst was made
using potassium fluoride (KF), magnesium acetate,
absolute ethanol (99.9%). calcium nitrate (Ca(NOa3)z)
and citric acid from Merck (Germany). Tropical
cooking oil that is a source of tiglycerides was
acquired from a supermarket and glycerol (85%) was
obtained from Merck.

2.2 Preparation of KF/CaO-MgO Catalyst

The KF/CaO-MgO catalyst was prepared in two
steps. First, we prepared the CaO-MgO catalyst,
which was then impregnated with KF. In the first step,
the preparation of CaO-MgO catalysts was carried
out by dissolving magnesium acetate, calcium
nitrate and citric acid into a ?5% ethanol solution and
stiring until the solution became homogeneous
(clear coloured). The mixed solution was then stired

at a speed of 300 rpm while being heated to form a
sol. Heating was continued while stirring up to 80°C
and a gel was formed. The formed gel was dried in
an oven at 110°C overnight. The dry solid was then
calcined in a Ney Vulcan box furnace at 550°C for 3
hours. The obtained solid product was a CaO-MgO
catalyst.

The second step was the impregnation of the
CaO-MgO catalyst with the KF solution. Two percent
of KF was dissolved in aguadest. Impregnation was
carried out by immersing the CaO-MgQO catalyst in
the KF solution for one hour while stiring, followed by
drying in an oven (Memmert) at 140°C for é hours.
The dried solid catalyst was then calcined at 450, 500
and 550°C in a box furnace for 3 hours. The resulted
solid catalyst was called KF/CaO-MgO.

2.3 Characterisation of Catalyst and Product

The catalyst was charactersed through X-ray
diffraction (XRD) and the Brunauer-Emmett-Teller
(BET) surface area method (ChemBET PULSAR
Quantachrome). XRD analysis was carried out using a
Shimadzu XRD-7000. The XRD patterns were
measured under Cu-Ka radiation conditions (k = 1.54
;\} at 30 mA and 40 kV. The diffraction pattem was
produced in an angle range of 26 from 10° to 70°
with a step size of 0017 and a step ftime of 0.5
seconds. The diffractogram/peak obtained was
compared with data from the JCPDS library (Joint
Committee on Powder Diffraction Standards).

The surface area of the catalyst was measured
using nitrogen adsorption at 77.15 K. 0.2 grams of the
sample were degassed with nitrogen gas under
vacuum for 1 hour at 200°C before the absorption
measurements.

The monoglyceride products were analysed using
gas chromatography-mass spectrometry (GC-MS)
(QP2010S SHIMADZIU, DB-1 column). GC-MS was also
used to detemnine the molecular weight of the
compound. In GC-MS, the sample was analysed at
an oven temperature of 50°C (5 minutes). The
temperature was raised by 10°C/min up to 260°C and
subsequently held there for 33 minutes.

2.4 Glycerolysis

The formation of monoglycerides was achieved using
oil (triglyceride)-to-glycerol molar ratio of 1 to 3. The
catalyst, which had been calcined at 550°C (% by
weight), was dissolved in glycerol at 90°C in a glass
vessel and stirred until the solution was completely
homogeneous. Afterward, the trglyceride was
placed in a glass vessel and heated to 150°C while
stiring. Once the oil reached the feed temperature,
the mixture of glycerol and catalyst was gradually
added while stiring. During the mixing process, the
temperature was maintained stable at 150°C. The
operating conditions were varied according to the
optimisation variable. The product was separated
from the residue and analysed using GC-MS. The
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monoglyceride (MAG) vield was calculated using
Equation (1).

weight of product(g)
weight of cooking oil {g)

Yield,, .o %) = x%com positian,, . (1)

The reaction rate kinetics was determined by varying
the reaction time from 1 to 5 hours with a batch
systern based on  the operating conditions'
optimisation results.

2.5 Experimental Design

In order to determine the effect of the response
variables on the glycerolysis reaction, we designed
the experiment based on the principles of central
composite design (CCD) and using the RSM. This
approach is widely used to design second-order
models. Second-order polynomial models were used
to verify the effect and interactions of the linear and
guadratic of the process variables [15]. By applying a
CCD, the effect of each parameter can be
evaluated quickly and effectively [16]. The
experimental design was used to establish the low,
cenfre and high values of the catalyst amount (%
w/w), the reaction temperature and the reaction
fime. Table 1 shows the experimental design.

The experimental design for optimisation had 16
runs and the experiments were canied out to obtain
the optimal monoglyceride results (Table 2).

Table 1 Range and level of independent variables for RSM

Variable Level

Low Centre High

Variables Unit
level level level
=1 (0) (+1)
Catalyst amount [Xi) Towiw) 0.1 0.2 0.3
Reaction temperature (Xz) oc 200 210 220
Reaction time (Xs) Hours 2 3 4

The Statistica software version 12.0 was used to
analyse the experimental data and was installed info
the second-order polynomial equations. The
interaction between the dependent and
independent variables was achieved through
Equation (3) [17].

Y= (X, X, ..o, Xi) + £ (2)

i=1,2 3k

Y =g+ ZK,B:X; +Z£1|3JJXJZ+ZZ;<;|3J;XJX; +e (3

where Y is the observed response, o is a regression
parameter, Biis the linear effect, @i is the quadratic
effect, Bijis the interaction effect, Xiis the main linear
variable, XiX; are two linear variables, X2 is the square
of the main variable and ¢ is the random error
between the predicted and the measured values.

Table 2 RSM for three independent variables in the comresponding values and code unit

Independent variables

Coded variables

Run Catalyst Amount (%w/w) Reaction Temperature (°C) Reaction Time (Hours) Xi X2 X3
1 0.10 200.00 2.00 -1.00 -1.00 -1.00
2 0.10 200.00 4,00 -1.00 -1.00 1.00
3 0.10 220.00 2.00 -1.00 1.00 -1.00
4 0.10 220.00 4,00 -1.00 1.00 1.00
5 0.30 200.00 2.00 1.00 -1.00 -1.00
6 0.30 200.00 4,00 1.00 -1.00 1.00
7 0.30 220.00 2.00 1.00 1.00 -1.00
8 0.30 220.00 4,00 1.00 1.00 1.00
9 0.03 210.00 3.00 -1.68 0.00 0.00
10 0.37 210.00 3.00 1.68 0.00 0.00
11 0.20 193.18 3.00 0.00 -1.48 0.00
12 0.20 226.82 3.00 0.00 1.68 0.00
13 0.20 210.00 1.32 0.00 0.00 -1.48
14 0.20 210.00 4.68 0.00 0.00 1.68
15 0.20 210.00 3.00 0.00 0.00 0.00
16 0.20 210.00 3.00 0.00 0.00 0.00

The desired response was the monoglyceride
yield. The statistical significance of the average ratio

of the square variation due to regression and the
mean sqguare error residuals was tested with ANOVA
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[18]. The correlation coefficient (R?) was used to state
the quality of the conformity of the polynomial
model. The main indicators included the probability
values (Prob > F), the F-values model (Fisher ratio
variation) and the adequate precision indicating the
adequacy and significance of the model used.
Maximisation was used to determine the best and
optimised local maximums. In order to do this
maximisation, these indicators were combined into
the function using the software.

2.6 Kinefic Model

The glycerolysis reaction of monoglycerides s
reversible. Excessive use of glycerol is theoretically
necessary to shift the equilibrium to the right so that
the total meonoglyceride obtained increases [19].

The reaction rate kinetics were used to estimate a
constant rate for all possible reactions. This approach
requires a thorough understanding of the steps in a
sequential  reaction.  The formation of the
monoglyceride equation is shown in Equations (4] to

(7).
KF/CaO-MgO
TG + GLY é:i MAG + DAG (4)
atalyst

k
QA+ bB a:kz cC +dD (5)

Being an equation

_rA :_% =k]CACB _kQCCCD fé}
dx, > 242
— 2 =kC5 =X 005 —0,4)-KCaX 7
dt 1 ""D( AX B A) T—=ANA { }

Equation (7) was sclved by the fourth-order
Runge-Kutta, which is used in solving problems
related to numerical calculations. It is an important
tool for solving differential equations with initial
conditions [20].

3.0 RESULTS AND DISCUSSION

3.1 Characterisation of the Catalyst

The XRD patterns of the catalyst before and after
impregnation at varied calcinations temperatures
are shown in Figure 1.

The XRD pattern on the CaO-MgQ catalyst before
being impregnated with KF is presented in Figure
1{a). The XRD pattern of the catalyst after being
impregnated with KF at the different calcination
temperatures is shown in Figure 1(b, ¢, d). In Figure
1{a), the XRD diffractrogram shows the peaks of the
CaO (37.36°, 74.65° and 78.70°) and MgO (42.91° and
62.15°) components. After the catalyst was calcined
at 450°C, peaks corresponding to the Ca(OH)2
component appeared at 18.19°, 29.39°, 50.77° and

58.74°. This shows that the calcination temperature of
450°C is low. When the calcination temperature is
increased to 500 and 550°C, CaKF: and MgKFz
crystals form, which appear in the XRD patterns as
new peaks. CakKFs and MgKFz are active sites formed
due to the addition of KF as support. The presence of
these crystals increases the catalyst activity and
produces higher monoglyceride yields [21].

! #CalOHp
* Cal}
Mg
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o © MgKFs

|
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Figure 1 XRD pattern of the KF/CaO-MgO catalysts: [a)
CaO-MgO catalyst; (b) KF/CaO-MgO catalyst (450°C); [c)
KF/CaO-MgO catalyst (500°C); (d) KF/CaO-MgO catalyst
(550°C)

The results of the surface area characterisation
are presented in Table 3.

Table 3 The surface area of the catalyst under various
freatments

Surface Area
Catalyst (m?/g)
CaO-MgO 112,250
KF/CaO-MgO (450°C) 132,456
KF/CaO-MgO (500°C) 119,706
KF/CaQ-MgO [550°C) 110,924

Table 3 shows the increase in the catalyst surface
area after impregnation with KF. However, the
surface area of the catalyst decreases with
increasing calcination temperature. This may be
caused by aggregation of the catalyst as a result of
the formation of the new active catalyst sites (CakFs
and MgkKF3) that occurs at high calcination
temperatures. However, the formation of CakFs and
MgKFs increase the catalyst activity. Indeed, the
increase in the calcination temperature to 500 and
550°C forms new crystals (Figure 1), namely CakFs
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(28.28° and 59.32°) and MgKFz (38.58°). KF addition to
heterogenecus catalysts and high calcination
temperatures produce new crystals (such as CakFs
and MgKFz) as active sites that can produce higher
yields due to the high catalytic activity [21].

Based on the characterisation of this catalyst, the
catalyst used for the glycerolysis process is KF/CaQ-
MgQ, which is calcined at 550°C.

3.2 Model Fitting

According to  the experimental design, 16
experimental runs were carried out according to the
optimisation wvariables (the catalyst amount, the
reaction temperature and the reaction time), as
shown in Table 2. The experimental data were fitted
to the polynomial equation to quantify the curvature
effects [18]. The second-order fitting polynomial
equation of the coded factors was expressed as
shown in Equation (8).

Y =-2750.60+299.09.X; — 43498 X7 + 25.08 X,

—0.06X% +98.58X5 —4.57X3 —0.14X,X, (8)
~9.92X,X3 —0.33 X5 X3

The complete 16 sets of the experimental design
matrix and the experimental and predicted values of
the vield of monoglycerides proposed by CCD are
tabulated in Table 4 [16]. Table 4 also shows the raw
and absolute residual values, as well as the
percentage of error responses for all batches. The
model is verified by comparing the experimental with
the predictive values (Figure 2). Indeed, the cbtained
monoglyceride yield varies between 27.58 to 46.33%

and the values predicted by the model match the
experimental results satisfactorily.

50

48

=
=]

Predicted Values
¥ B B R 8 B
Q,

m
&

R
=

24 26 28 30 32 34 3/ 3B 40 42 44 46 48 S0
Experimental results

Figure 2 Predicted and experimental wvalues for
monoglycerde yield

3.3 Statistical Analysis Results

ANCVA using Statistica software version 12.0 was
used to appropriately assess the polynomial model
(Equation (8)) taking inte account the interactions
[22]. Fisher F-test, where F-value is the ratio between
the squares of the regression and the average error,
was used fo defermine the statistical significance of
the factor to the response. The ANOV A results for the
percentage of monoglycerdes are presented in
Table 5.

Table 4 Experimental and predicted monoglyceride yield using RSM

R Yield of monoglycerides Raw Error Absolute
v Experimental Predicted residuals (%) residuals
1 27.580 28.042 -0.46 -1.67 0.46
2 37.070 37.513 -0.44 -1.19 0.44
3 31.720 33.504 =-1.79 -5.64 1.79
4 30.610 29.903 0.71 2.32 0.71
5 30.190 29.381 0.81 2.68 0.81
6 38.190 34.892 3.30 8.64 3.30
7 36.240 34.284 1.95 5.38 1.95
8 28.680 26.711 1.97 6.87 1.97
9 36.550 34.664 1.89 517 1.89
10 29.100 33.090 -3.99 -13.71 3.99
1 30.160 31,332 =117 -3.88 1.17
12 28.070 29.037 -0.97 -3.46 0.97
13 33.150 32.737 0.41 1.24 0.41
14 31.770 34.337 -2.57 -8.09 2.57
15 46.890 46.449 0.44 0.94 0.44
16 46.330 46.448 -0.12 -0.26 0.12

The results of the analysis of wvariance on
monoglyceride production gave an R2 of 90.28%. This
indicates that 90.28% of the data in the CCD can be
explained by the response surface model. The effect

of the variables on the response value can be
expressed by the model which can then predict the
maximum response value in subsequent optimisation
expernments. The model results that the three
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optimisation wvariables (catalyst amount, reaction
temperature and reaction time) have an effect
greater than 90%.

Table § ANOVA for the percentage of monoglycerides

Factors Reg:;s;on DF  F-value p-value

Xo -2750.60

X 299.09 1 0.1798 0.3469
X -434.98 1 4.3462 0.0038
Xz 2508 1 0.4030 0.0009
Xaz -0.06 1 9.5630 0.0010
Xz 98.58 1 0.1970 0.0049
Kaa -4.57 1 4.7694 0.0033
Xiz -0.14 1 0.0103 0.8957
Xia -9.92 1 0.5020 0.3778
Xaa -0.33 1 5.4493 0.0201

Erorr 8.6933 [}
R2 0.9028

Based on the ANOVA, the F-value obtained by
the model is 60.45, which is greater than the
tabulated F-value of 3.49. This F-value shows a
statistically significant regression at a significance
level of 5% [23]. Therefore, the Fisher variance ratio
calculated at this level is large enough to justify the
very high degree of adequacy of the quadratic
model and also to exhibit that the combination of
freatments is very significant [24]. All p-values of
monoglyceride production data produce a degree
of significance « < 5%, except Xi, Xiz and X,
indicating that the variable has a significant impact
on the model.

Reaction Temperature (oC)(Q)

--l T0444
—
AbyIL .]-3.1369
Lby3L -.952102
(2)Reaction Temparatura (oC)(L) | 853056
(3)Reaction Time (hjL} 5869591
{1)Catalyst Amount (FwihL) - 575716
lby2L --1367
p=05

Figure 3 Pareto chart for variables that have a significant
effect on the glycerolysis process

Reaction Time (h){Q)

Catalyst Amount (Ywt){0)

The variables that have the most significant effect
are presented in Figure 3 (Pareto chart). Temperature

has the most significant effect compared fo the
other variables.

3.4 Opflimisation Analysis

The optimum conditions for the synthesis of
monoglycerides are predicted using the optimisation
function. The empirical model derived from the RSM
method can be used to describe accurately the
relationship between the factors and the response in
the conversion of monoglycerides [19].

—

Figure 4 3D surface plots showing the inferaction between
catalyst amount (X} with reaction temperature (Xz) at a
reaction time (X} of 3 hours for monoglycerides production

230
225 '

220

Reaction Temperature (0C)
e
2

190 -
<
. <54
130

<24
000 005 010 015 020 025 030 035 04D <14
Amount of Catalyst (Svat) .-

Figure 5 2D confour plot showing the interaction between
the catalyst amount (X1} with reaction temperature (Xz) at a
reaction time (Xa) of 3 hours for moneoglyceride production

Figures 4 and 5 show 3D and 2D graphs of the
response surface and contour plots of the effect that
the catalyst amount has on the reaction
temperature. The relationship between the catalyst
amount (% wi) and the reaction temperature in a
monoglyceride product has a maximum stationary
area. This is because it is necessary to carefully
determine the range of data selection codes (points
-1, 0, 1) in order to attain the optimal point [25]. The
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optimal conditicns derived from the Stafistica
software are shown in Table é.

Table & Optimal values of parameters

Parameters Optimum value
Yield of Monoglyceride (%) 41.58
Catalyst Amount (% w/w) 0.19
Reaction Temperature (°C) 208.37
Reaction Time (hours) 3.20

3.5 Kinetfics

The optimisation results obtained are used fo
determine the reaction kinefics. Figure 6 indicates the
effect of the reaction fime on the obtained
monoglyceride concentration.

0.8
-
0.7 4 o o
0.6 4
= 05
-]
E
H D3k - @- Experiment
o —i Calculated
~ 0.3
0.2 4
0.1
0.0 T T T T
0 1 2 3 4 5

Reaction Time (h)

Figure & The relationship between the reaction fime and the
obtained MAG [monoacylglycercl/monoglyceride)
concentration based on the expermental results and the
model calculations

Figure é shows the difference between the
experimental and modelled monoglyceride
concentrations. In the experiment, the
monoglyceride concentration is not stable, whereas
the calculated concenfration using the model is
more consistent and tends to increase. Additionally,
in the experment, monoglycerides decrease after
five hours reaction time. This is because once the
production of monoglycerides is opfimum, it is
influenced by the side reactions and forms di-acyl
glycerol (DAG) [26].

The computational results using the fourth-order
Runge-Kutta method indicate that the reaction rate
constants ki > k2 and k2 > 0, with ki = 1.0418% hour!
and kz = 0.88965 hour-1. Figure 7 shows the conversion
results obtained by calculating the reaction rate. The
coefficient of determination (R%) is 0.936, obtained
based on the relationship between the reaction time
and the conversion.

0.7 4 =1 P
—B— Calculated - L
- = = Linear Regression ':-/f
0.6 /
-
3 ol
£ 054 i
= -
- Equation y=a+b'x
g 044 Pt B
-.2 Weight Mo Waighting
E Intercept 0.24356 £ 0.048
'E 0.3 4 Siope 0.08504 & 0.014
rﬁ Residual Sum of Squar 0.0063
o Pearson's ¢ 0.96744
02 R-Square (COD) 0.93594
Adj. R-Square 091458
0.1 4
0.0 T T T T T
0 1 ) 3 4 5

Reaction Time (h)

Figure 7 The conversion value of Xa (%) to the reaction fime
[hour) in monoglyceride production

4.0 CONCLUSION

The results obtained from the optimisation using the
RSM method show that termperature has the most
dominant influence with a p-value of 0,0009 and R2
0.9028. The catalyst amount and the reaction time
have lesser, yet significant, influence. Besides, the
optimum reaction conditions are X1 (catalyst
amount) = 0.19% (w/w), Xz (reaction temperature) =
208.37°C and Xz [reaction time) = 3.20 hours with a
monoglyceride content of 41.58%. Based on the
experimental results and calculations using the
fourth-order Runge-Kutta method, monoglyceride
conversion tends to decrease after five hours of
reaction time. The reaction rate constants are ki > ka2
and kz > 0 ky = 1.04189 hour! and kz = 0.88965 hour'.
The obtained determinant value (R2) is 0.936.

Acknowledgement

This research was financially supported by the Faculty
of Engineering, Diponegoro University, Indonesia
through Strategic Research Grant 2019.

References

[1]  Wang, F. C. and Marangoni, A. G. 2016. Advances in the
Application of Food Emulsifier a-Gel Phases: Saturated
Monoglycerides, Polyglycerol Fatty Acid Esters, and their
Derivatives. Journal of Colloid and Inferface Science. 483:
394-403.

DOI: hitp://dx.dai.org/10.1016/}jcis.201 6.08.012.

[2] Naik, M. K. Naik, S. N. and Mohanty, S. 2014. Enzymatic
Glycerolysis for Conversion of Sunflower Oil to Food Based
Ernulsifiers. Catalysis Today. 237: 145-149.

DOI: hitp://dx.doi.org/10.1016/j.cattod.2013.11.005.

[3] Feretti, C. A, Fuente, 5., Ferullo, R., Castellani, N.,
Apesteguia, C. R, and Di Cosmo, J. I 2012
Monoglyceride Synthesis by Glycerolysis of Methyl Oleate




114

(4

(3]

(8]

8l

%]

[10]

(1

[12]

[13]

[14]

Lugman Buchori et al. / Jurnal Teknologi (Sciences & Engineering) 82:5 (2020) 109-116

on MgO: Catalytic and DFT Study of the Active Site.
Applied Catalysis A: General. 413-414: 322-331.

DOl: hitpy//dx.doi.org/10.1014/j.apcata.2011.11.025.
Belelli, P. G., Ferretti, C. A, Apesteguia, C.R., Ferullo, R. M.,
and Di Cosimo, J. I. 2015. Glycerolysis of Methyl Oleate on
MgO: Experimental and Theoretical Study of the Reaction
Selectivity. Journal of Catalysis. 323: 132-144.

DOl: hitp://dx.doi.org/10.1014/].jecat.2015.01.001.

Miago, S. and Lin, D. 2019. Monoglycerides: Categories,
Structures, Properties, Preparations, and Applications in
the Food Industry. Encyclopedia of Food Chemistry. 155
163.

DCI: http://dx.doi.org/10.1016/b978-0-08-10059 &-5.21595-3.
Freitas, L., Paula, AL V., dos Sanfos, J. C., Zanin, G. M., and
de Castro, H. F. 2010. Enzymafic Synthesis of
Monoglycerdes by  Esterification Reaction  Using
Penicilium camemberti Lipase Immobilized on Epoxy
Si02-PVA Composite. Journal of Molecular Catalysis B:
Enzymatic. 65(1-4): 87-%0.

DOl hitp:/ /dx.doi.org/10.1014/j.molcat 2009.1 2.009.
Siri-nguan, N. and Ngamcharussrivichai, C. 201 6. Alkoxide-
intercalated Mg-Al Layered Double Hydroxides as
Selective Catalysts for the Synthesis of Monoglycerides.
Reaction Kinefics, Mechanisms and Catalysis. 119(1): 273-
289.

DOl hitp://dx.doi.org/10.1007 /511 144-016-1018-5.

Buchori, L., Istadi, I., and Purwanto, P. 2016. Advanced
Chemical Reactor Technologies for Biodiesel Production
from Vegetable Cils - A Review. Bulletin of Chemical
Reaction Engineering & Catalysis. 11(3): 406-430.

DOI: http://dx.doi.org/10.57&7/berec.11.3.450.406-430.
Kore, P.P., Kachare, S.D., Kshirsagar, S. S., and Oswal, R. J.
2012. Base Catalyzed Glycerolysis of Ethyl aAcetate.
Organic Chemistry Current Research. 1(4): 108-111.

DOl http://dx.doi.org/10.4172/2161-0401.1000108.
Satriana, Arpi, N., Lubis, Y. M., Adisalamun, Supardan, M.
D., and Mustapha, W. AL W. 2016. Diacylglycerol-enriched
Oil Production Using Chemical Glycerolysis. Europian
Journal of Lipid Science and Technology. 118(12): 1880-
18%0.

DOl : http://dx.doi.org/10.1002/ gjit. 201 500487

Schulz, G. A 5., da Silveira, K. C., Libardi, D. B., Peralba, M.
do. C. R. and Samios D. 2011. Synthesis and
Characterzation of Mono-acylglycerols through the
Glycerolysis of Methyl Esters Obtained from Linseed Oil.
Europian Joumnal of Lpid Science and Technology.
113(12): 1533-1540.

DOl hitp:/ /dx.doi.org/10.1002/e(t.201 100079

Taufig-Yap, Y. H., Lee, H. V., Hussein, M. Z., and Yunus, R.
2011. Calcium-based Mixed Oxide Catalysts for
Methanolysis of Jatropha Curcas Cil to Biodiesel. Biomass
and Bioenergy. 35(2): 827-834.

DOI: hitp://dx.doi.org/10.1014/j.biombioe.2010.11.011.
Hoo, P. and Abdullah, A. Z. 2016. Monolaurin Yield
Opfimization in Selecfive Esterification of Glycerol with
Lauric Acid over Post Impregnated HPW/SBA-15 Catalyst.
Korean Journal of Chemical Engineering. 33(4): 1200-1210.
DOl http:/ /dx.doi.org/10.1007/511814-015-0244-0.

Temelli, F., King, J. W., and List, G. R. 1996. Conversion of
Oils to Monoglycerides by Glycerolysis in Supercritical
Carbon Dioxide Media. Journal of the American Oil
Chemists' Society. 73(6): 699-706.

[13]

[16]

(7]

(el

[19]

[20]

[21]

[27]

(23]

[24]

(23]

[2¢]

DOI: hitp://dx.doi.org/10.1007 /BFO251 7943,

Anggoro, D. D. Oktavianty, H., Kurniawan, B. P., and
Daud, R. 2019. Opfimization of Glycerol Monolaurate
[GML] Synthesis from Glycerol and Lauric Acid Using
Dealuminated Zeolite Y Catalyst. Jumnal Teknologi. 81{4):
133-141.

DOl: hitpy//dx.doiorg/10.11113/jtv81.13511.

Yang, F., Xiang, W., Sun, X., Wu, H.,Li,T., and Long, L. 2014.
A Novel Lipid Extraction Method from Wet Microalga
Picochlorurmn sp. at Room Temperature. Marine Drugs.
12(3): 1258-1270.

DOI: hitpr// dw.doi.org/10.3390/md1 2031 258.

Yefilmezsoy, K., Demirel, S., and Vanderbei, R. J. 2009.
Response Surface Modeling of Pb(ll) Removal from
Aqueous Solution by Pistacia vera L: Box-Behnken
Experimental Design. Journal of Hazardous Materials.
171(1-3): 551-562.

DOI: hitp://dx.doi.org/10.1016/)jhazmat 2009 .06.035.
Sangeetha, V., Sivakumar, V., Sudha, A., and Devi, K. P.
2014. Optimization of Process Parameters for COD
Removal by Coagulation Treatment Using Box-Behnken
Design. Infernational  Journal of Engineering and
Technology. 6(2): 1053-1058.

Sonntag, N. O. V. 1983. Glycerolysis of Fats and Methyl
Esters-Status, Review and Crifique. Journal of the
American Ol Chemists' Society. 60(7): 1245-1249.

DOI: http://dx.doi.org/10.1007/BF02634442.

Hussain, K., Ismail, F., and Senu, N. 2016. Solving Directly
Special Fourth-order Ordinary Differential Equations Using
Runge-Kutta Type Method. Journal of Computational and
Applied Mathematics. 306: 179-199.

DOI: hitp://dx.doi.org/10.1016/j.cam.201 6.04.002.

Xuan, J., Iheng, X., and Hu, H. 2012, Active Sites of
Supported KF Catalysts for Transesterification. Catalysis
Communications. 28: 124-127.

DOI: hitp:/f dx.doi.org/10.1014/j.catcom.2012.08.032.
Fregolente, L. V., Batistella, C. B., Fiho, R. M., and Maciel,
M. R. W. 2005. Response Surface Methodology Applied to
Optimizafion of Distiled Monoglycerides Production.
Journal of the American Oil Chemists' Society. 82(9): 673-
678.

DOI: hitp://dx.doi.org/10.1007 /511 746-005-1127-5.

Istadi, 1. and Amin, N. A. S. 2006. Optimization of Process
Parameters and Catalyst Compositions in Carlzon Dioxide
Oxidative Coupling of Methane over CaO-MnO/CeOz
Catalyst Using Response Surface Methodology. Fuel
Processing Technology. 87: 449-459.

DOI: hitp://dx.doi.org/10.1016/].fuproc.2005.11.004.
Mustafa, M. N., Shafie, S., Wahid, M. H., and Sulaiman, Y.
2019. Optimization of Power Conversion Efficiency of
Palyvinyl-Alcohal/Titanium Dioxide Compact Layer Using
Response  Surface  Methodology/Central  Composite
Design. Solar Energy. 183: £89-6%6.

DOI: hitp://dx.doi.org/10.1016/].s0lener.2019.03.074.
Montgomery, D. C. 2001. Sfafis and Analysis  of
Experiments. Fifth Eds. United States of America: John
Wiley & Sons, Inc.

Feuge, R. O. and Bailey, A. E. 1946. Modificafion of
Vegetable Ois: VI. The Practical Preparation of Mono-
and Diglycerides. O & Soap. 23(8): 259-264.

DOI: hitp://dx.doi.org/10.1007 /BFO267 6133,




Glycerolysis Using KF/CaO-MgO Catalyst: Optimisation and
Reaction Kinetics

ORIGINALITY REPORT

11. 6. O 24

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Im, Jong-Kwon, Yeomin Yoon, and Kyung-Duk 1
o . . < %
Zoh. "Optimization of naproxen and ibuprofen
removal in photolysis using a Box-Behnken
design: Effect of Fe(lll), NO3 -, and humic
acid", Journal of Environmental Science and
Health Part A, 2014.

Publication

Nicemol Jacob. "Optimization of Enzymatic 1
L o - <l%
Clarification of Sapodilla Juice: A Statistical
Perspective", Applied Biochemistry and
Biotechnology, 12/2008

Publication

Aghus Sofwan, Yosua Alvin Adi Soetrisno, 1

. . - . <l%
Natalia Putri Ramadhani, Amiko Rahmayani,
Eko Handoyo, M. Arfan. "Vehicle Distance
Measurement Tuning using Haversine and
Micro-Segmentation", 2019 International
Seminar on Intelligent Technology and Its
Applications (ISITIA), 2019

Publication




studentsrepo.um.edu.m
Internet Source p y <1 %
www.utm.m
Internet Source y <1 %
H www.rug.nl <1
Internet Source %
Namal Senanayake, S.. "Lipase-catalyzed <1 o
incorporation of docosahexaenoic acid (DHA) °
into borage oil: optimization using response
surface methodology", Food Chemistry,
200205
Publication
Submitted to University of Leeds
B Student Paper y <1 %
n Feral Temelli. "Conversion of oils to <1 o
monoglycerides by glycerolysis in supercritical ’
carbon dioxide media", Journal of the
American Oil Chemists' Society, 06/1996
Publication
unsri.portalgaruda.or
InternetS(E)urce g g <1 %
news.unair.ac.id
Internet Source <1 %
Aminul Islam, Pogaku Ravindra. "Biodiesel <1 o

Production with Green Technologies",



Springer Science and Business Media LLC,
2017

Publication

Prapaporn Prasertpong, Chawannat <1 o
Jaroenkhasemmeesuk, John R. Regalbuto, °
Jeremiah Lipp, Nakorn Tippayawong.

"Optimization of process variables for
esterification of bio-oil model compounds by
a heteropolyacid catalyst", Energy Reports,
2020

Publication

SStiEnrtr;;EEred to Universiti Kebangsaan Malaysia <1 o

Asimina A. Marianou, Chrysoula M. Michailof, <1 y
Dimitrios K. Ipsakis, Stamatia A. Karakoulia et ’
al. "Isomerization of Glucose into Fructose
over Natural and Synthetic MgO Catalysts",

ACS Sustainable Chemistry & Engineering,

2018

Publication
I\L\Q/r\rlj\é\t/.SloJurrwcke)oundmedlcme.com <1 o
Lais Koop, Lorena I. Soares, Fernando <1 %

Augusto Pedersen Voll, Adrian Bonilla-
Petriciolet, Marcos Lucio Corazza. "Dynamic
optimization for the enzymatic production of
acylglycerols", Chemical Engineering
Communications, 2019



Publication

N
(00

www.e-journals.in <1 o
0

Internet Source

Alhassan, Fatah H., Umer Rashid, Robiah <1 o
Yunus, Kamaliah Sirat, Ibrahim M. Lokman, ’
and Yun Hin Taufig-Yap. "Synthesis of Ferric-
Manganese Doped Tungstated Zirconia
Nanoparticles as Heterogeneous Solid
Superacid Catalyst for Biodiesel Production
From Waste Cooking Qil", International
Journal of Green Energy, 2015.

Publication

I\/Iah.da\./i, \{ahid, and AIi.Monajemi: | <1 o
"Optimization of operational conditions for
biodiesel production from cottonseed oil on
CaO-MgO/AlI203 solid base catalysts", Journal
of the Taiwan Institute of Chemical Engineers,

2014,
Publication
it i 1
21 I <Tw
I 7
22 [ <1
H.V. Lee, R. Yunus, J.C. Juan, Y.H. Taufig-Yap. <1 %

"Process optimization design for jatropha-
based biodiesel production using response



surface methodology", Fuel Processing
Technology, 2011

Publication

Kaan Yetilmezsoy, F. llter Turkdogan, llknur <1 o
Temizel, Asli Gunay. "Development of Ann- ’
Based Models to Predict Biogas and Methane
Productions in Anaerobic Treatment of

Molasses Wastewater", International Journal

of Green Energy, 2013

Publication

Nuchanart Siri-nguan, Chawalit <1 o
Ngamcharussrivichai. "Alkoxide-intercalated ’
Mg-Al layered double hydroxides as selective

catalysts for the synthesis of

monoglycerides", Reaction Kinetics,

Mechanisms and Catalysis, 2016

Publication

Suprit D. Saoji, Vivek S. Dave, Pradip W.
Dhore, Yamini S. Bobde, Connor Mack,
Deepak Gupta, Nishikant A. Raut. "The role of
phospholipid as a solubility- and permeability-
enhancing excipient for the improved delivery
of the bioactive phytoconstituents of Bacopa
monnieri", European Journal of
Pharmaceutical Sciences, 2017

Publication

<1%

27

core.ac.uk
<1 %

Internet Source




Gracélie A. S. Schulz, Kelly C. da Silveira, <1 o
Daniela B. Libardi, Maria do Carmo R. Peralba,
Dimitrios Samios. "Synthesis and
characterization of mono-acylglycerols
through the glycerolysis of methyl esters
obtained from linseed oil", European Journal
of Lipid Science and Technology, 2011
Publication

lvana B. Bankovic-Ili¢, Marija R. Miladinovic, <1 o
Olivera S. Stamenkovi¢, Vlada B. Veljkovic. ’
"Application of nano CaO-based catalysts in
biodiesel synthesis", Renewable and
Sustainable Energy Reviews, 2017
Publication

Lee, 'Hwei,Joon.Juan, Taufiq.-Yap Yun Hin, and <1 o
Hwai Ong. "Environment-Friendly
Heterogeneous Alkaline-Based Mixed Metal
Oxide Catalysts for Biodiesel Production",

Energies, 2016.
Publication
Luo, Hui, Zhe Zhai, Weiyu Fan, Wenyao Cui, <1 o

Guozhi Nan, and Zhaomin Li.
"Monoacylglycerol synthesis by glycerolysis of
soybean oil using alkaline ionic liquid",
Industrial & Engineering Chemistry Research,
2015.

Publication




Oktay Celep, Nevzat Aslan, ibrahim Alp,
, . L < | 9%
Gokhan Tasdemir. "Optimization of some
parameters of stirred mill for ultra-fine
grinding of refractory Au/Ag ores", Powder
Technology, 2011
Publication
Rey P. Gumaling, Jay R E. Agusan, Neil Ven <1 y
Cent R. Ellacer, Gretel Mary T. Abi Abi et al. ’
"Optimized bio-oil yield from Swietenia
macrophylla seeds via ultrasonic cavitation
through response surface methodology",
Energy, Ecology and Environment, 2018
Publication
Shen, R.. "Application of oat dextrine for fat
L . . <Il%
substitute in mayonnaise", Food Chemistry,
20110501
Publication
Wang .Z.huo. "Improvemgnt in Die!ectric <1 o
Tunability of Bag gSrg.4TiO4-Mg->TiOg4
Composite Ceramics via Heterogeneous
Nucleation Processing", Chinese Physics
Letters, 11/2009
Publication
Yun Wang, Sheng-yang Hu, Yan-ping Guan, Li- <1 %

bai Wen, He-you Han. "Preparation of
Mesoporous Nanosized KF/CaO-MgO Catalyst
and its Application for Biodiesel Production by
Transesterification", Catalysis Letters, 2009



Publication

eprints.cmfri.org.in
IntFe)rnet Source g <1 %
oatao.univ-toulouse.fr
Internet Source <1 %
Amira M. Embaby, Yasmin Heshmat, Ahmed <'I o
Hussein, Heba S. Marey. "A Sequential ’
Statistical Approach towards an Optimized
Production of a Broad Spectrum Bacteriocin
Substance from a Soil Bacterium Bacillus",
'Hindawi Limited', 2014
Internet Source
cdn.intechopen.com
Internet Source p <1 %

Exclude quotes Off Exclude matches Off
Exclude bibliography On



Glycerolysis Using KF/CaO-MgO Catalyst: Optimisation and
Reaction Kinetics

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




