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material was assessed. The samples were characterized by X-ray diffraction, Fourier
transform infrared spectroscopy, thermogravimetry, Brunauer—Emmett—Teller (BET),
field-emission scanning electron microscopy, and energy dispersive X-ray analyses. The
results showed that the carbonate and noncarbonate samples had a calcium aluminate
(Ca12Al14033) structure as a support. Different carbon groups were formed during prepa-
ration of the carbon-supported KOH/Cai2Al14033 nanocomposite, which improved its
surface area and porosity. Although the samples presented similar basicity, the carbonated
nanocomposite exhibited twice as much activity as the KOH/Ca12Al14033 nanocatalyst for
conversion of canola oil to biodiesel in the microwave-assisted transesterification reaction
at 270 W microwave power. The nanocomposite with a larger pore size made active sites
easily accessible and exhibited higher catalytic ability where the conversion of 98.8% was
obtained under the optimized conditions of 270 W microwave power, methanol/oil molar
ratio of 15, 4 wt% of the nanocomposite, and 30 min of reaction time. The carbon-
supported nanocatalyst can be reused for at least four times with less reduction in ac-
tivity. Furthermore, the obtained biodiesel showed that it met the standard values (EN
14214 and ASTM D-6751) with respect to the density, kinematic viscosity at 40 °C, acid
number, and flash point.

© 2018 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction Therefore, the conventional heating systems were replaced
by new technologies such as microwave, ultrasonic, and

Nowadays, researchers attempt to accelerate the reac- super/subcritical processes. The microwave heating tech-
tion to reduce the requirement time for obtaining products. nique has been successfully used in various chemical pro-
cesses such as nanomaterial synthesis, solid-state

chemistry, nanotechnology, and organic chemistry. Micro-
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obtained by choosing appropriate microwave parameters
[1,2].

Biodiesel production is one of the chemical reactions
that can be performed by microwave irradiation, in which
the reaction and separation times are reduced significantly
from hours to minutes. Biodiesel is commonly produced by
transesterification of edible and nonedible oils in the
presence of short chain alcohol, where methanol is usually
used because of its high activity and low price, using a
catalyst. To further increase the compatibility of the bio-
diesel production process with the environment, hetero-
geneous catalysts are suggested instead of homogeneous
catalysts [3,4]. Some heterogeneous catalysts such as CaO
[5—7], NaOCHs3 [8], NaNH; [9], heteropolyacid catalyst
[10,11], and sulfated zirconia [12] have been examined in
the microwave-assisted transesterification reaction (MTR).
In addition to strong stability and less leaching of active
phases of catalysts in the reaction mixture, high specific
surface area, strong base strength, and high concentration
of base sites are characteristics of an active trans-
esterification catalyst [13].

Alkaline earth aluminates with formula MyAl;Ox. 3y
(M = Ca, Mg, Sr, and Ba) as active and stable support may be
an appropriate choice for use in the biodiesel production
because it can be easily synthesized via the microwave
combustion method (MCM) with a high surface area in very
short time. The activity of a MgO/MgAl,04 nanocatalyst
synthesized by the combustion method was studied in the
biodiesel production and yield of 95.7% was obtained under
the conditions of 110 °C, methanol/oil molar ratio of 12,
3 wt¥% of the catalyst, and reaction time of 3 h [14]. The CaO/
CayAl14033 catalyst also converted 98.7% of vegetable oil to
the biodiesel at 65 °C, 1:10 oil/methanol ratio, and 6 wt% of
the catalyst for 3.5 h [15]. The KF/CayAl;O(x,3) catalyst was
evaluated to catalyze the transesterification reaction of
soybean oil with methanol [16]. The yield of 98% was ob-
tained under the conditions of 60 °C, methanol/oil molar
ratio of 18, 3 wt¥% of the catalyst, and 5 h of reaction time
when the catalyst showed less stability. In our previous
work, KOH/calcium aluminate was successfully synthesized
by the MCM and showed high activity in the trans-
esterification reaction of canola oil [ 17]. However, no study
has so far been done on the activity of these catalysts in the
MTR.

It is well known that using microwave absorbing ma-
terials is important for further accelerating the reaction
rate. If the catalyst is a strong microwave absorber material,
it can gather the microwave irradiation and the "micro-
wave hot spots” would be consequently formed [18].
Therefore, carbonated catalysts can have an opportunity to
achieve the highest reaction rate, which have been exam-
ined in a few studies for biodiesel production via the
esterification reaction [18,19]. However, according to the
best of best knowledge, carbonated alkaline earth alumi-
nate catalyst prepared via a simple MCM has not been used
for biodiesel production via the MTR.

The triple objectives of this study were as follows: first,
to develop an experimental procedure for preparation of a
KOH-containing Cai2Al14033/C nanocomposite as a high
active microwave absorbing material via the simple MCM;
second, to evaluate the influence of absorbed microwave

energy on the rate of transesterification reaction; and third,
to obtain a sample with high stability in the MTR for in-
dustrial application. The samples (carbonated and non-
carbonated) were characterized by X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FTIR), thermog-
ravimetry (TG), BET—Barrett-Joyner-Halenda (BJH), field-
emission scanning electron microscopy (FESEM), and en-
ergy dispersive X-ray (EDX) analyses, and their basicity was
evaluated by the Hammett indicator method. Finally, the
MTR parameters were optimized.

2. Materials and methods
2.1. Catalyst preparation

Caj2Al14033 (CA) was prepared by the MCM using urea
as fuel with stoichiometric compositions, according to the
concepts of propellant chemistry. For this purpose,
12 mmol Ca(NOs3);-4H;0, 14 mmol Al(NOs)3-9H;0, and
55 mmol urea were dissolved in 40 mL distillated water and
the mixture was heated on the hotplate at 80 °C under
stirring to form viscous gel. Then, the mixture was placed in
the microwave oven (Daewoo, Model No. KOC9N2TB,
900 W, 2.45 GHz) and irradiated for 10 min. After evapo-
ration of remained water and exhaustion of the gases, the
mixture was flamed for a few seconds and fumy white
powder was synthesized. The CA/C nanocomposite was
synthesized as described above where dextrose
(13.75 mmol) was used instead of urea. Finally, the brown
powder was prepared when no flame was observed.

Finally, the samples were impregnated by the KOH
where 1 g of each sample was mixed with 35.6 mL of a
0.1 M KOH aqueous solution and heated at 80 °C to form gel.
After drying at 110 °C overnight, the solution was calcined
at 800 °C for 3 h under argon medium. The samples were
labeled as KCA and KCA/C. The catalyst preparation routes
are shown in Fig. S1 of the Supplementary Material (SM).

2.2. Catalyst characterization

The crystalline phase of the samples was detected by
XRD analysis using a Unisantis XMD 300 by means of Cu Ka.
radiation operating at 45 kV and 80 mA with scanning
range of 10—70°. The active surface functional groups of the
synthesized nanocomposites were evaluated by the FTIR in
the range of 400—4000 cm~! using a Shimadzu 4300
(Japan) spectrometer. The decomposition of raw materials
and fuels during catalyst preparation was analyzed by
thermogravimetry analysis (TGA). The TGA was performed
using an evolution STA (SETARAm, France) instrument in
the range of 50—800 °C at a heating rate of 20 °C/min under
the airflow. The specific surface area, mean pore size, and
pore volume of the nanocomposites were assayed using a
PHS-1020 (Phschina, China) apparatus by the BET—BJH
methods. FESEM analysis was accomplished to study the
morphology and surface structure of the nanocomposites
using MIRA3 FEG-SEM (TESCAN, Czech Republic). The dis-
tribution of elements in the samples was quantified by EDX
technique using a VEGA I detector (TESCAN). The basic
strength of the solid bases (H_) was determined by using
Hammett indicators. The indicators used were as follows:
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bromothymol blue (H_ = 7.2), phenolphthalein (H_ = 9.8),
and 2,4-dinitroaniline (H_ = 15.0). To measure the basicity
of the nanocatalysts, the method of Hammett indicator
—benzene carboxylic acid (0.02 mol/L anhydrous ethanol
solution) titration was used [20].

2.3. Microwave-assisted transesterification reaction

The activity of the samples was assessed in the MTR, in
which 20 g canola oil (acid value, 0.05%; molecular weight,
850 g.gmol™!), 17 mL methanol (18 methanol/oil molar
ratio), and 0.8 g catalyst (4 wt %) were poured in a 100 mL
glass reactor equipped with a water-cooled condenser. The
MTR was performed in a domestic microwave oven at
different microwave output powers (180, 270, 360, 450, and
540 W) for 45 min. After the reaction, the mixture was
centrifuged at 2500 rpm for 25 min (Chemical Sahand Co.,
Iran) and the upper liquid phase (containing biodiesel) was
separated. Finally, the layer was heated to remove excess
methanol and analyzed by gas chromatography (GC, Teif
Gostar Faraz Co., Iran) equipped with flame ionization de-
tector (FID) and Select Biodiesel CP9080 capillary column
(30 m x 0.32 mm x 0.25 um) to obtain the fatty acid methyl
ester (FAME) content as in the following reaction.

In each run, the 0.5 uL sample containing 100 pL of
biodiesel was dissolved in 1 mL of n-hexane and 1 uL of an
internal standard solution (nonadecanoic acid methyl
ester) was injected into the GC at a temperature of 60 °C.
After holding for 2 min, the GC oven was heated at 10 °C/
min rate to 210 °C. Then, it was heated at 5 °C/min rate to
230 °C and held for 10 min. Hydrogen was a carrier gas. The
injector and FID were set up to an operating temperature of
250 °C. Helium gas was used as carrier gas with a flow rate
of 1 mL/min.

3. Results and discussion
3.1. XRD analysis

The XRD patterns of the samples are illustrated in Fig. 1.
It is well known that the type of fuel can significantly affect

the properties of synthesized powder using the MCM due
to the different temperature of the combustion reaction. It
was reported that the reaction between CaO and Al,03
resulted in the formation of Ca3Al;0g, Ca12Al14033, CaAl;0y4,
CasAlg0q4, CaAlg0; CaAlj2079, and Al;Os3, subsequently.
Formation of each of these structures depends on the
temperature of the combustion reaction. Fig. 1a shows the
CaipAl14033 (JCPDS No. 70-2144) and CaAl,04 (JCPDS No.
70-0134) structures formed due to a high temperature of
the combustion reaction using urea. However, the powder
synthesized by dextrose (Fig. 1c) showed amorphous
structure with some diffraction peaks of CazAlgO14 (JCPDS
No. 33-0251), CaCO3 (formed by the reaction between CaO
and CO; in the air, JCPDS No. 72-1937), and carbon (JCPDS
No. 18-0311). According to Fig. 1b, CA was completely
transformed to mayenite structure with calcination.
Moreover, the K3AlO3 phase (JCPDS No. 27-1336) was
detected to be able to increase its activity. These structures
were formed by a reaction between K,0 and Al,0s at a high
calcination temperature [21]. The KCA/C nanocomposite
showed that the mayenite structure (Ca2Al14033, JCPDS No.
48-1882) was different from that of the KCA sample, and
K3AlO3 and carbon were also formed after calcination (see
Fig. 1d). Some other peaks were seen to be related to the
carbon groups. Furthermore, some peaks of potassium
linked to carbon were also detected. Formation of carbon
can significantly increase the ability of a catalyst to absorb
the microwave irradiation.

3.2. Thermogravimetry analysis

TGA of the samples under atmosphere medium are
illustrated in Fig. 2 where the CA/C and KCA/C catalysts
showed higher weight loss that can be assigned to the
carbon groups existing in these samples. The CA catalyst
showed three weight losses: first, 2.13% loss of weight be-
tween 25 and 120 °C corresponding to physically absorbed
water; second, 10.2% weight loss in the range of 150—475 °C
mainly due to the loss of structural water and pyrolysis of
organic groups (unreacted urea or nitrate components)
[22,23]; and third, the last weight loss (4%) occurring be-
tween 474 and 565 °C, which was related to the diffusion of

L]
*r .
=
s e o“o‘ " :
YL L P I W 4% M n
O g fan Az, “N\Wm*w\’w'\mw o
* *ox 1 e KCA/C
= o® o e e . "
g l. b4 oo oo
o
5 | = CA/C
B |
5 ‘ M []
g o || P \‘ F '
El il B JWL I \x WJLWMJWwJ"/LJW! S
l ]
| KCA
| E
o0 = ‘ \‘<> F
MW\MWL“\LJA wbmaesn ) L“”J O ‘ . ‘ . A w,‘/.‘r?n.mw..,b .”\/o ’.\JvmWJMMM
CA
10 15 20 25 30 35 40 45 50 55 60 65 70
20 (degree)

Fig. 1. The XRD plots of (a) calcium aluminate, (b) KOH/calcium aluminate
and carbonated (c) calcium aluminate and (d) KOH/calcium aluminate
nanocatalysts. () Ca;2Al14033, ((}) CaAl,0y4, (o) CazAl;0¢, (@) CaCOs, (O)
K3AlOs3, and (*) C.

'
w
L

Weight loss (%)
&
(=]

53%

8.3%)

T10.2% (b) KCA

(a) CA

" (d)KCA/C

(© calc

A
&

1Physically
| absorbed
water

and/or carbon)

Loss of organic groups
(unreacted raw material

Decompnsmun of large carbon
molecule, transformation of

calcium aluminate

-60 T T " T T T T T : ]
0 200 400 600 800 1000
Temperature (°C)

Fig. 2. TGA plots of (a) calcium aluminate, (b) KOH/calcium aluminate and
carbonated (c) calcium aluminate and (d) KOH/calcium aluminate
nanocatalysts.



H. Nayebzadeh et al. / C. R. Chimie 21 (2018) 676—683 679

Ca ions in calcium aluminate lattice. A little reduction in
weight can be detected around 700 °C, which can be
attributed to the transformation of calcium aluminate
phases from CaAl,O4 to CajzAli4033. The CA/C sample
showed a similar behavior with CA until 730 °C, whereas
the loss of weight was higher than that in CA, which could
correspond to the oxidation of the carbon groups [24].
However, the last weight loss (13.2%) can be assigned to the
arrangement of calcium aluminate structure and decom-
position of carbon groups with a large structure, as sup-
ported by the XRD results [25].

The KCA sample showed the lowest weight loss (8.3%)
corresponding to dehydroxylation of the OH units, which
highlighted its high crystallinity and well perching of po-
tassium components to the surface of a support. The KCA/C
sample showed three weight losses that were, respectively,
related to the loss of adsorbed water (7.8%), decomposition
of the carbon structure with low molecular weight (5.3%),
and decomposition of a large molecule of carbon compo-
nents (13%) [26]. It must be noted that transformation of a
few remained calcium aluminates to the mayenite struc-
ture was carried out over the same temperature range, but
these processes were hindered by the carbon oxidation.
Moreover, the results of the thermal analysis suggested that
the proper calcination temperature of the solid base cata-
lyst was in the range of 700—900 °C (according to the CA/C
TG plot), which authenticated the appropriateness of
calcination temperature, as was selected in this study
(800 °C).

3.3. FTIR analysis

FTIR spectra of the KCA and KCA/C nanocomposites are
illustrated in Fig. 3. The KCA nanocatalyst showed four
sharp peaks at 460, 570, 845, and 1410 cm ™! corresponding
to vibration of Ca—0, Al—O (in AlOg), Al—0 (in AlQ4), and
Ca/Al-0-X (X = H or K), respectively [4,27]. Moreover, a
broad bond at 2800—3600 cm ™! was assigned to vibration
of the O—H bond related to absorbed water on the surface
of the sample and/or the Ca/Al-OH groups. It has been
reported that interaction between potassium (hydrogen)
components and support components (Ca and Al) can be
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Fig. 3. FTIR spectra of (a) KOH/Cai»Al14033 and (b) carbonated KOH/
Cai2Al14033 nanocatalysts.

observed above 3500 cm~! [28]. The bending vibration of
the O—H groups was observed at 1660 cm™! [14].

The KCA/C nanocomposite showed different peaks
below 1100 cm~! and above 3200 cm~. The stretching
vibration of C—C can be seen at 1010 cm™~' [29,30]. The
Al—0O bonds were not sharp like the KCA nanocatalyst,
which can be due to the formation of other bonds with low
polarity that reduced the intensity of the Al-O bonds.
Many peaks can be observed in the region of 500—
900 cm ™! corresponding to the C—K groups as described in
the XRD pattern [31]. The carbon groups covered all crys-
tals and affected vibration of these bonds. It should be
noted that the carbon—carbon bonds can be detected
below 1000 cm ™, which could indicate the presence of the
carbon-heavy groups [32]. The KCA/C nanocomposite also
showed low hydrophilic property as compared to KCA,
where the bending vibration of the O—H group was not
observed at 1660 cm ™.

3.4. FESEM and EDX analysis

The FESEM images of the KCA and KCA/C nano-
composites are shown in Fig. 4. The KCA nanocatalyst
showed the structure of nanorods with 200—1000 nm in
length and 50—100 nm in width. The results clearly
exhibited that the structure of nanorods was successfully
synthesized during the MCM. Moreover, some plate-like
nanocatalysts can be observed in Fig. 4a. Furthermore, the
active phases containing potassium components were
uniformly dispersed on the surface of a support, which
have particle size between 10 and 25 nm.

The KCA/C nanocomposite showed worm-like structure
that can be related to lack of combustion heat for growth of
CajpAl14033 to form nanorods. However, it was clearly
observed that the porosity of the KCA/C nanocomposite
was much more than that of the KCA nanocatalyst. The
KCA/C nanocomposite showed highly porous structure,
which was formed by huge volume of gases exhausted
during the decomposition of dextrose as fuel [33]. These
porosities can significantly affect the activity of the samples
in the MTR.

The EDX analyses of the KCA and KCA/C samples are
shown in Fig. 5. Both the samples showed no impurity in
their structures and the KCA sample did not show any
carbon element in its structure. It can be seen that the EDX
compositions of the as-synthesized KCA catalyst were close
to its nominal values. Moreover, the KCA/C sample con-
tained a high amount of carbon groups that can increase its
ability to absorb microwave irradiation. Dot-mapping
analysis of both the samples showed well dispersion of
elements where no agglomeration was observed on the
surface of the samples. The reason could be that the MCM is
a sufficient method for fabricating nanocatalysts with well
crystallinity and well distribution of active phases on the
support without any agglomeration.

3.5. BET—BJH analysis
The Ny adsorption—desorption isotherms of KCA and

KCA/C are illustrated in Fig. S2 (SM). The samples exhibited
type IV isotherms as defined by the IUPAC classification.
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Fig. 4. FESEM images of (a) KOH/Ca;»Al14033 and (b) carbonated KOH/Ca;,Al;4033 nanocatalysts.

The hysteresis loops expected for this case were of H3 type
that confirmed the plate-like particles, advance to the slit-
shaped pores [4]. The BET surface area, total pore volume,
and mean pore size of KCA significantly increased when
dextrose as fuel was used instead of urea to form the KCA/C
nanocomposite. The textural properties increased from
131.65 to 152.22 m?/g, from 0.382 to 0.546 mL/g, and from
74.2 to 79.6 A, respectively. This could be due to the for-
mation of a large molecule of carbon groups that mean-
ingfully affected the surface area and pore volume.

3.6. Activity analysis

The activity of the KCA and KCA/C nanocomposites was
assessed at various microwave powers (180, 270, 360, 450,
and 540 W) as depicted in Fig. 6. The FAME content ob-
tained by the KCA nanocatalyst increased from 25.1% to
97.5% with increase in microwave power from 180 to
360 W; then, the content was maintained constant and
finally decreased to 90.4% at 540 W microwave power.
Similar behavior was seen in the KCA/C nanocomposite

where microwave power of 270 W was selected as an op-
timum amount to achieve high conversion. Methanol and
KCA/C nanocomposite as microwave absorber materials
can absorb higher amount of microwave irradiation by
increasing the microwave power. Therefore, the FAME
content of produced biodiesel would be raised. In addition,
microwave irradiation accelerated the reaction rate and
increased the conversion of canola oil to biodiesel after
short time. Therefore, the reaction using KCA/C as a nano-
catalyst rapidly increased because of more absorption of
microwave irradiation by this reaction medium.

The reduction in the conversion of canola oil to biodiesel
at higher microwave power can be attributed to evapora-
tion of a high amount of methanol and reduction of
methanol in the reaction medium. Comparing the catalytic
activity of the two nanocatalysts exhibited that the catalytic
activity of KOH/Ca12Al14033 sharply increased when it was
loaded with carbon groups such that the higher FAME
content was obtained at lower microwave power. It can be
concluded that the carbon groups in the nanocatalyst
structure acted as a microwave absorber.
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Fig. 5. EDX analysis of (a) KOH/Ca;2Al14033 and (b) carbonated KOH/Ca;Al14033 nanocatalysts.
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Fig. 6. Catalytic activity of KOH/Ca;»Al14033 and carbonated KOH/
Cay2Al14033 nanocatalysts in the MTR. Reaction conditions: methanol/oil
molar ratio of 18, 4 wt% of the catalyst, and 45 min of reaction time.

The basicity of the samples determined by titration with
0.02 M benzoic acid solution in ethanol using Hammett
indicators exhibited that the basic strength of both the
samples was between 9.8 and 15 with total basicity of 0.518
and 0.542 mmol/g corresponding to KCA and KCA/C,
respectively. Although the basicity had a significant effect
on the catalytic activity, the conversion of canola oil was
very much higher using KCA/C than using KCA (around two
times at microwave power of 180 and 270 W), which

cannot be only related to basicity. Therefore, the carbon
groups extremely increased the activity of the samples for
the MTR, which was definitely related to their ability to
absorb microwave irradiation.

3.7. Optimization of microwave-assisted biodiesel production
conditions

3.7.1. Effect of catalyst concentration

The effect of the catalyst amount on the conversion of
canola oil to biodiesel under microwave irradiation is
illustrated in Fig. S3. The reaction was performed under the
conditions of 270 W microwave power, methanol/oil molar
ratio of 18, and 45 min of reaction time. The results pre-
sented that the conversion increased from 81.4% to 98.4%
when the catalyst concentration increased from 2 to 4 wt%,
which is related to an increase in the available active sur-
face area for reactants [34]. Because of more absorption of
microwave irradiation and evaporation of methanol to
vapor phase, the conversion decreased with more loading
of the KCA/C nanocomposite. Therefore, 4 wt% of the
catalyst was chosen as optimum.

3.7.2. Effect of methanol/oil ratio

Methanol amount has an important role in achieving
high conversion in the transesterification reaction where
the reaction goes in the forward direction with a high
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amount of methanol. Moreover, methanol is a polar
component that can absorb the microwave irradiation to
accelerate the reaction. As shown in Fig. S4, the conversion
dramatically increased from 71.9% to 97.9% with an increase
in the methanol/oil molar ratio from 9 to 15 and then
slightly increased to 98.4%. The reduction in the activity
with the methanol/oil molar ratio of 21 can be attributed to
a high amount of microwave absorption, which caused
evaporation of the high amount of methanol, and/or
fouling of the porosity of nanocatalysts with methanol,
which reduced the available active surface area of the
catalyst [35].

3.7.3. Effect of reaction time

Influence of reaction time in the MTR was assessed
under the conditions of 270 W microwave power, meth-
anol/oil molar ratio of 15, and 4 wt% of the catalyst. The
results are presented in Fig. S5. The conversion was,
respectively, obtained as 45.4%, 91.6%, 98.8%, and 97.9% for
the reaction time of 10, 20, 30, and 45 min. With an increase
in the reaction time, the reactants had enough time to react
with each other to form biodiesel and reach to equilibrium
point. Therefore, the reaction time was set at 30 min.

The composition of the produced biodiesel at the opti-
mized conditions is presented in Fig. 7. It was observed that
methyl oleate was the main composition of the produced
biodiesel (58.1%) and canola oil biodiesel mainly contained
unsaturated methyl esters (89.4%) that had negative effect
on oxidation stability of the biodiesel.

3.8. Reusability

The reusability of the KCA/C nanocomposite, as an
important factor for industrial application of a catalyst, was
evaluated in the MTR at optimum conditions. When the
catalyst was separated from the reaction mixture after each
reaction, the catalyst was washed twice with hexane and
calcined at 800 °C for 1 h under ambient argon. As shown in

Fig. 8, the KCA/C nanocomposite preserved its activity for at
least four times (conversion over 90%). The less reduction in
the activity can be due to leaching and/or poisoning of
potassium components as active phases. The results
demonstrated that because of the simple preparation
method for the synthesis of the carbonated KOH/mayenite
nanocomposite with high activity and stability, it had high
ability for industrial application in the MTR process.

3.9. Biodiesel properties

The properties of the biodiesel produced from canola oil
are listed in Table 1. The biodiesel showed an appropriate
ester content (>96.5%). Other properties such as density,
viscosity, cloud point, pour point, flash point, and acid value
had a good agreement with the standard values (EN 14214
and ASTM D-6751). The results confirmed that the KCA/C
nanocomposite was an attractive nanocatalyst for

100 -
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- 90.5
86.6
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0 T T T T
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Number of cycle

>N %
=3 S

FAME content (%)
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Fig. 8. Reusability of a carbonated KOH/Ca;2Al14033 nanocomposite for
biodiesel production under microwave irradiation. Reaction conditions:
microwave power of 270 W, methanol/oil molar ratio of 15, 4 wt% of the
nanocatalyst, and 30 min of reaction time.

Fatty acid Structure Content (wt %)

Palmitic C16:0 4.7
Stearic C18:0 24
Oleic C18:1 58.1
Linoleic Cl18:2 257
Linolenic ~ C18:3 5.6
Other - 3.5
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Fig. 7. Composition of FAMEs of produced biodiesel at optimum conditions.
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Table 1
Properties of canola biodiesel obtained by the MTR using a carbonated
KOH/Ca;,Al14033 nanocomposite.

Property Unit ASTM D-6751 EN 14214 Biodiesel
standard standard  value

Ester content (wjw)% 96.5< 96.5< 98.8
Density gcm > 800—900 860—900 876
Viscosity (40 °C) mm? s 1.9-6 3.5-5 453
Flash point °C 130< 120< 159

Pure point °C — — -9
Cloud point °C - - -1

Acid value mg KOH/g <0.5 <0.5 0.22

industrial biodiesel production in accordance with the
standard specification.

4. Conclusions

Effect of loading of carbon groups on the activity of the
KOH/Ca12Al14033 nanocatalyst for absorption of microwave
irradiation to accelerate the MTR was evaluated. For this
purpose, the carbon-supported KOH/Ca;2Al14033 nano-
composite was synthesized by the MCM via dextrose as a
carbon source. The results showed that the as-synthesized
KCA/C nanocomposite could convert a higher amount of
canola oil to biodiesel under the MTR as compared to the
KCA nanocatalyst, due to its large pore size, surface area,
and ability for absorption of microwave irradiation. Under
the optimum conditions of the MTR (270 W microwave
power, methanol/oil molar ratio of 15, 4 wt% of the nano-
composite, and 30 min of reaction time), the KCA/C nano-
composite exhibited high stability for several uses.
Furthermore, the density, kinematic viscosity at 40 °C, acid
number, pure point, cloud point, and flash point of the as-
produced biodiesel were characterized and showed good
agreement with the standard value of EN 14214 and ASTM
D-6751.
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