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Abstract: Microwave heating is an efficient and effective heating method for upgrading biofuels. This study
investigated the heating performance of eucalyptus camaldulensis leaves with and without silicon carbide (SiC)
in a microwave chamber. The effects of quartz reactor volume (50, 100, 150, 200, and 250 mL), microwave
power (400, 450, 500, 550, and 600 W), and SiC amount (0, 2.5, 5, 7.5, and 10 g) on the heating performance
were analyzed. The result showed that as the quartz reactor volume increased from 50 to 250 mL, the average
heating rate of eucalyptus leaves without SiC decreased from 153.2 to 47.2 <C/min, while with SiC, it decreased
from 366.8 to 106.2 <T/min. As the microwave power increased from 400 to 600 W, the average heating rate of
eucalyptus leaves without SiC increased from 73.3 to 197.4 <C/min, and with SiC, it increased from 138.6 to
352.4 <T/min. When SiC amount increased from 0 to 10 g, the average heating rate of eucalyptus leaves increased
from 73.9 to 352.4 <CT/min. Relationships were proposed to describe the microwave heating performances of
eucalyptus camaldulensis leaves with R? of 0.9953-0.9999.
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1. Introduction

Fossil fuels have been the primary energy source for over a century, but their limited availability and
problems of carbon emissions and global warming pose environmental challenges [1]. The Intergovernmental
Panel on Climate Change-IPCC has warned that carbon emissions must be reduced by 50% by 2030 to keep global
warming below 1.5 <C [2,3]. Renewable energy sources like solar, wind, and hydroelectric power are crucial for
this transition, with biomass energy being one of the most abundant and sustainable options [4]. It holds significant
importance due to its numerous benefits, including carbon neutrality, environmental friendliness, affordability,
renewability, and versatility [5].

Eucalyptus is the most widely planted tree species in the world, found in over 100 countries and covering
more than 20 million hectares of forest. A survey of 95 countries with eucalyptus plantations larger than 5000
hectares estimates that the total area of these plantations worldwide exceeds 22.57 million hectares [6]. Eucalyptus
tree is a valuable fuel resource due to its rapid growth, high wood density, favorable chemical properties, low
moisture content, and ease of harvesting [7]. Its wood, rich in fiber, is used for firewood, furniture manufacturing,
pulp and paper production, and the extraction of essential nutrients and oils [8]. However, the eucalyptus leaves
are often discarded as they are not generally consumed by animals. These leaves can degrade soil quality and
increase acidity due to the presence of phenolic resin [9]. Waste leaves from eucalyptus trees can be converted
into fuels and carbon-based materials through thermochemical techniques including pyrolysis, gasification,
carbonization, and liquefaction [10,11]. Among these methods, pyrolysis is especially notable for converting
biomass into biogas, bio-oil, and biochar [12]. For the efficient conversion of biomass waste into biofuels, effective
heating methods are essential. Microwave heating is an economically viable, homogeneous, and selective heating
that offers high energy conversion efficiency [13,14]. As compared with conventional heating, it delivers
microwave energy to dielectric materials more effectively, promoting internal heat generation (as shown in Figure
1), enhancing heating rates, and reducing reaction times [15].
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Figure 1. Heat transfer mechanism of microwave and electrical heating.

However, due to the poor microwave absorbability of biomass, it cannot reach the desired reaction
temperature on its own and requires microwave absorbers as additive. Different microwave absorbers, such as
biochar [16,17], graphite [18], metals [19], and silicon carbide (SiC) [20], have been utilized in the microwave-
assisted biomass pyrolysis, but SiC is particularly effective due to its chemical resistance, low density, high thermal
conductivity, and stability. Fan et al. [21] studied the heating performance of various iron-based microwave
absorbers (Fe, FeS;, and Fez04) in comparison to SiC during the pyrolysis process. They achieved a maximum
instantaneous heating rate of 209.6 <T/min using SiC as the microwave absorber. Ke et al. [22] investigated the
heating absorption characteristics of SiC particles under both conventional and microwave heating. They achieved
a heating rate of 7.08 <C/s with microwave heating, which is significantly higher than the 1.95 <C/s rate obtained
through conventional heating.

Microwave heating has proven to be an efficient method for biomass pyrolysis and gasification. Moreover,
factors such as feeding load, reactor volume, and microwave power significantly influence the efficiency of
microwave heating. Singh et al. [23] studied the heating performance of biochar with varying particle sizes (6-8
mm) and feeding loads (25-50 g) at microwave power levels of 400, 700, and 1000 W. Their results showed that
increasing the microwave power and feeding load led to increase in the heating rate. Tamang et al. [24] performed
a numerical simulation and investigated the effect of microwave power on the heating performance of SiC. The
result showed that with increase in microwave power from 300 to 1100 W, the heating rate increased from
20.6 <C/sto 70.8 <C/s. In the study of eucalyptus biomass, Chen et al. [25] performed thermogravimetric analysis
of eucalyptus waste at three different heating rates: 5, 10, and 15 <C/min, using a conical-spouted bed reactor to
recover bio-oil. They observed that the maximum weight loss occurred at the higher heating rates, indicating a
more effective conversion of biomass into bio-oil under these conditions.

Bio-oil produced through the pyrolysis of biomass generally has poor quality due to several factors. Firstly,
its chemical composition is complex, containing a mixture of water [26], organic compounds, and various acids,
which can lead to instability and challenges in refining. Additionally, the energy density of bio-oil is often lower
than that of traditional fossil fuels [27], reducing its effectiveness as an energy source. The presence of corrosive
compounds can pose problems for storage and transportation, requiring specialized materials. Furthermore, bio-
oil may experience phase separation over time [28], complicating its handling. Its high oxygen content results in
reduced heating value and combustion efficiency, while storage stability can be an issue as it may degrade and
alter in composition. However, the quality of bio-oil can be improved through upgrading processes, which enhance
its properties and make it more suitable for a wider range of applications. Upgrading techniques can include
hydrodeoxygenation, where oxygen is removed from the bio-oil, and catalytic cracking, which breaks down larger
molecules into smaller, more useful hydrocarbons (aromatic) [29]. These processes help improve the energy
density, stability, and combustion efficiency of bio-oil, addressing the quality issues associated with it.

Catalytic cracking has been widely utilized in the upgrading of biofuels, with SiC playing a significant role
when coupled or modified with catalysts. SiC is recognized for its high thermal conductivity, chemical stability,
and mechanical strength, making it an excellent choice for enhancing catalytic reactions involved in bio-oil
upgrading [30,31]. For instance, ZSM-5 zeolite coatings on SiC foam supports have been developed to improve
the ex-situ catalytic upgrading of pyrolytic vapors. The high thermal stability and chemical resistance of SiC
enhance the efficiency of the biofuel upgrading process, addressing the challenges associated with bio-oil quality
[32]. Ou et al. [30] used SiC foam coated with ZSM-5 zeolite for the deoxygenation of anisole and methanol. The
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results showed the favorable characteristics of SiC foam in the upgrading process, achieving 100% conversion of
both anisole and methanol, compared to only 3% conversion with the ZSM-5 catalyst alone. The SiC foam also
improved gas-to-solid mass transfer, preventing pore blocking in the catalytic process. In the microwave-assisted
pyrolysis of microalgae, da Silveira Rossi et al. [29] used SiC combined with nickel-modified hydrotalcite
(NiHTC/SiC) and zeolite (NiHZSM-5/SiC) for bio-oil production. The results indicated that NiHTC/SiC promoted
de-nitrification and de-acidification reactions, leading to more alcohols and ketones. Meanwhile, the acid sites of
the NiHZSM-5/SiC catalyst further upgraded these compounds into aromatic hydrocarbons. The upgrading values
during the pyrolysis process ranged from 17% to 36%. Yu et al. [31] developed a SiC-modified composite catalyst
for the hydrothermal treatment of bio-oil. The results demonstrated that this catalyst effectively reduced the
oxygenated compounds in the bio-oil while increasing the production of Cs—Ci, hydrocarbons, which primarily
fall within the aromatic range.

For upgrading biofuels in the microwave-assisted pyrolysis of eucalyptus camaldulensis leaves, it is essential
to first study the heating performance of the leaves with SiC in the microwave chamber. Previous studies have
extensively studied pyrolysis [26], gasification [10], thermogravimetric analysis [25], and liquefaction of
eucalyptus biomass [33]. However, the comparison of heating performance between eucalyptus leaves with and
without a microwave absorber (SiC) in a microwave chamber remains unexplored. This study specifically aimed
to: (a) explore the heating performances of eucalyptus camaldulensis leaves under microwave irradiation, both
with and without SiC; (b) investigate the effects of quartz reactor volume, microwave power, and feeding load of
SiC on the heating performance of eucalyptus leaves, both individually and in combination with SiC; and (c)
develop equations to estimate the transient temperatures for eucalyptus leaves.

2. Experimental

2.1. Feedstock

In this study, eucalyptus leaves were sourced from Eucalyptus camaldulensis trees in Pakistan. The leaves
were dried naturally by being left in the open air at temperatures between 39 and 41 <C. The leaves underwent a
natural drying technique, where they were exposed to ambient air temperatures ranging from 39 to 41 <C for
natural drying. After this initial drying, the leaves were washed with water to remove dust and impurities and then
further dried in an oven at 80 <C for one day. Once dried, the leaves were ground and sieved through a 60-mesh
screener to achieve a particle size of 0.25 mm. The final preparation of the experimental material is shown in
Figure 2. The proximate and ultimate analyses of the eucalyptus leaves are detailed in Table 1. SiC particles with
99.90% purity and sizes ranging from 1-2 mm were utilized as microwave absorber during this study.

80 °C, 12 hours

57,

Air-drying

Eucalyptus
leaves

60 mesh

3 4/

<::

Materials Sieving Grinding

Figure 2. Final preparation of the experimental material.
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Table 1. Proximate and ultimate analysis of eucalyptus leaves.

Proximate Analysis (wt.%0) Ultimate Analysis (wt.%)
Mad Aad Vad FCa S N H ()a C
3.32 4.62 77.21 14.85 0.16 1.86 6.43 44.99 46.56

Note: « for air drying basis; 2 calculated by differential subtraction. M, A, V and FC are moisture contents, ash contents, volatile
contents and fixed carbon.

2.2. Experimental Process

The experimental setup for conducting the heating performance of eucalyptus leaves is shown in Figure 3
and includes: (1) microwave oven, (2) quartz reactor, (3) digital thermometer, (4) K-type thermocouple, (5)
connecting tube, (6) vacuum pump, and (7) electric power meter. The microwave oven served as the main heating
source, with adjustable microwave power levels ranging from 0 to 100 W and operating at a frequency of 2450
MHz. Its cavity dimensions were 300 < 300 x 350 mm?®. The K-type thermocouple was used to measure the
temperature of the feedstock inside the quartz reactor, and the readings were displayed on the digital thermometer.
This thermocouple can measure temperatures up to 1000 <C with uncertainty of #0.1 <C. Additionally, a power
meter monitored the electricity consumption of the microwave oven.

Figure 3. Experimental setup of microwave heating performance, 1—microwave oven, 2—quartz reactor, 3—
digital thermometer, 4—K-type thermocouple, 5—connecting tube, 6—vacuum pump, 7—electric power meter.

For the heating performance experiments, 10 g of eucalyptus leaves and a specified amount of SiC particles
(0-10 g) were carefully weighed and mixed homogeneously. This mixture was then placed in the quartz reactor,
which was positioned inside the microwave oven. To minimize heat dissipation, the microwave oven cavity was
filled with cotton wool. The vacuum pump was activated for 5-7 min to achieve inert environment within the
quartz reactor. The microwave oven was set to the desired power level (400-600 W), and the experiment started
by turning on the microwave oven. The design of the experiments is presented in Table 2.

After turning on the microwave oven, the initial temperature of the feedstock was recorded. The temperature
was then measured at regular intervals of 10 s. The experiments concluded once the feedstock reached 200 <C,
and each experiment was repeated twice. The average heating rate of the eucalyptus leaves and the mixture of
eucalyptus leaves and SiC particles can be determined using Equation (1).

_ Tz _T1
== )

0

H

where H denotes the average heating rate (<T/min), T, denotes the final temperature (<C), T denotes the initial
temperature (<C), and t, denotes the time of microwave heating (min).
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Table 2. Experimental design for heating performance.

No. Reactor Volume (mL) Microwave Power (W)  SiC Amount (g) Eucalyptus Amount (g)

1 50 400 0 10
2 50 400 10 10
3 100 400 0 10
4 100 400 10 10
5 150 400 0 10
6 150 400 10 10
7 200 400 0 10
8 200 400 10 10
9 250 400 0 10
10 250 400 10 10
11 100 450 0 10
12 100 450 10 10
13 100 500 0 10
14 100 500 10 10
15 100 550 0 10
16 100 550 10 10
17 100 600 0 10
18 100 600 10 10
19 100 400 25 10
20 100 400 5 10
21 100 400 7.5 10

3. Results and Discussion

3.1. Effect of Quartz Reactor Volume

The effect of quartz reactor volume on the heating performance of eucalyptus leaves, both with and without
SiC, is shown in Figure 4. Throughout the investigation, microwave power, the amount of eucalyptus leaves, and
SiC were kept constant at 400 W, 10 g, and (0 g, 10 g), respectively. For reactor volumes of 50, 100, 150, 200,
and 250 mL, the average heating rates of eucalyptus leaves without SiC were recorded as 153.2, 73.3, 67.2, 61.8,
and 47.2 <T/min, respectively. The heating durations for eucalyptus leaves to reach temperatures of 201.7, 200.8,
201.9, 203.6, and 200.4 T were 72, 141, 156, 168, and 219 s, respectively. In contrast, with 10 g of SiC, the
average heating rates were higher, indicating 366.8, 179.6, 155.1, 137.7, and 106.2 <T/min, respectively, for the
same reactor volumes. The corresponding heating times to reach temperatures of 205.4, 202.3, 203.5, 202.5, and
202.5 T were 30, 61, 70, 79, and 101 s, respectively.

250 250
Toomt =22.000+7.082t—0.237t2+0.006t* Ty . =22458+2.0081—0.015(24+2.177x10-4t3
(R?=0.996) (R2=0.997)
200 | 200 |
o )
< <
@ 150 - 2150
2 2
[0} @
o &
8100 F T, o = 25.384+2.157t+0.022t2 o100
= ) —2.525x10~4t3 e Tioome =22.330+1.272t+1.021x107?
li’ (R?=0.995) ﬁ —3.]941X10_6t3
) ) (R? =0.999)
50 F Experiment Regression 50 Experiment Regression
—¥— None —— None —¥— None —— None
—@-Sic ——siC ~@-siC sic
O 1 1 1 1 1 1 O 1 1 1 1 1
0 15 30 45 60 75 90 0 40 80 120 160 200
Time (s) Time (s)
(a) 50 mL (b) 100 mL
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Figure 4. Recorded and approximated temperatures of eucalyptus leaves with/without SiC at different quartz
reactor volumes, (a) 50 mL, (b) 100 mL, (c) 150 mL, (d) 200 mL, and (e) 250 mL.

With the increase in quartz reactor volume, the heating rates of eucalyptus leaves without SiC decreased from
153.2 T/min to 47.2 <T/min and with SiC it decreased from 366.8 <C/min to 47.2 <T/min as shown in Figure 4.
The decrease in the heating rate with increase in quartz reactor volume can be attributed to the increase in the heat
loss area per unit mass of the feedstock resulting from the larger reactor volume [26]. Additionally, larger reactors
may experience greater heat loss to the environment and altered heating kinetics, leading to less efficient heating.
The observed decrease in heating rate with increase in quartz reactor volume is consistent with the results in the
study [22]. However, the addition of SiC results in a steeper slope of the heating curve (Figure 4), showing a more
rapid increase in temperature over time. This suggests that the heating process becomes more efficient, and the
temperature of the eucalyptus leaves rises more quickly compared to when SiC was not present [34]. The excellent
thermal conductivity of SiC, as a high-performance ceramic material, is responsible for this enhancement in
heating efficiency [35].

The regression fitting equations for the temperatures of eucalyptus leaves without SiC at different quartz
reactor volumes, are obtained as follows:

Toom. = 25.384+2.157t +0.022t* —2.525x107*t* (R? = 0.995) )

Tom. = 22.330+1.272t +1.021t* —-3.941x10't>  (R* = 0.999) ©)

Tisom. = 24.432+0.971t —9.049x107t* +1.102x10°t°* (R? =0.997) (4
Ty . = 24.764+0.878t +0.003t* —1.394x10°t>  (R® =0.998) (5)
Tyso m. = 24.510+0.552t +0.003t* —1.197x10°t*  (R® =0.998) (6)
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With 10 g of SiC, the regression fitting equations are as follows:

Teom. = 22.000+7.082t —0.237t* +0.006t° (R? = 0.996) @
Tiome = 22.458+2.008t +0.015t* +2.177x107t*  (R? = 0.997) (8)
Tisome = 23.791+1.281t +0.063t* —6.459x107*t°> (R* = 0.999) 9)
Tooom. = 21.164+2.011t —0.014t* +2.170x107t*  (R® =0.999) (10)
Tosom = 25.979+0.899t +0.020t* —~1.148x10*t*  (R? =0.998) (11)

where T denotes the temperature within 200 <C, t denotes the time in seconds, and R? denotes the coefficient of
determination.

The heating time is the main factor influencing the temperature of eucalyptus leaves alone and with SiC
during microwave heating. For the quartz reactor volumes of 50, 100, 150, 200, and 250 mL, the recorded
temperatures of eucalyptus leaves can be estimated using the following equations: Equation (2) for the heating
time range 0 <t <72 s, Equation (3) for 0 <t <141 s, Equation (4) for 0 <t < 156 s, Equation (5) for 0 <t <168
s, and Equation (6) for 0 <t <219 s. Similarly, for the combination of eucalyptus leaves and SiC, the recorded
temperatures can be estimated using equations: Equation (7) for the heating time range 0 <t <30 s, Equation (8)
for 0 <t <61 s, Equation (9) for 0 <t <70 s, Equation (10) for 0 <t <79 s, and Equation (11) for 0 <t <101 s.

3.2. Effect of Microwave Power

The effects of microwave power on the heating performances of eucalyptus leaves with and without SiC are
shown in Figure 5. Throughout the investigation, quartz reactor volume, the amount of eucalyptus leaves, and SiC
were kept constant at 100 mL, 10 g, and (0 g, 10 g), respectively. Under microwave power levels of 400, 450, 500,
550, and 600 W, the average heating rates of eucalyptus leaves without SiC were 73.3, 87.4, 96.4, 119.3, and
197.4 <C/min. The heating durations for eucalyptus leaves to reach temperatures of 200.8, 201.6, 202.3, 200.7,
and 200.2 <C were 141, 118, 107, 87, and 52 s, respectively. In contrast, when 10 g of SiC was added, the average
heating rates were notably higher across all power levels. The heating rates were 138.6, 185.6, 219.5, 266.3, and
352.4 T/min, respectively. The corresponding heating times to reach temperatures of 202.3, 201.7, 200.8, 203.1,
and 200.2 <C were 61, 58, 49, 41, and 30 s, respectively. With increase in microwave power, the average heating
rate of eucalyptus leaves without SiC increased significantly from 73.3 <C/min to 197.4 <C/min. When 10 g of SiC
was added, the average heating rate improved even further, increasing from 138.6 <C/min to 352.4 <C/min. This
increase in heating rate can be attributed to the enhanced energy density, which allows for greater absorption of
energy by the feedstock [20,36]. At higher microwave power levels, more microwaves are available, leading to
increased molecular agitation and more efficient heating [37]. The maximum average heating rate of 352.4 <C/min
was observed at 600 W with SiC particles, where the heating curve is notably steeper (Figure 5¢), indicating a
rapid temperature increase.

250 250
T 100y =22.458+2.008t—0.015t2+2.177x10-4t3 Ty50w=20.654+2.362t-0.020t2+5.138x10-4t3
(R2=0.997) (R2=0.998)
200 F 200 -
o )
< <
© 150 @ 150 +
2 2
< <
P P
8100 | S 100}
£ T 00w =22.330+1.272t +1.021x 1072 IS T g0 = 24.551+1.008t—0.008t?
@ —3.941x1075t3 @ -3.709x107°t3
= (R? =0.999) = (R?=0.999)
S0 Experiment Regression 50 Experiment  Regression
—¥—None —— None —¥—None —— None
—@—SiC SiC —@—SiC SiC
0 1 1 1 1 1 0 1 1 1 1 1
0 40 8Q 120 160 200 0 30 60 90 120 150
Time (s) Time (s)
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Figure 5. Recorded and approximated temperatures of eucalyptus leaves with/without SiC at different microwave
powers, (a) 50 mL, (b) 100 mL, (c) 150 mL, (d) 200 mL, and (e) 250 mL.

The regression fitting equations for the temperatures of eucalyptus leaves without SiC at various microwave
powers are obtained as follows:

Tioow = 22.330+1.272t +1.021x107*t* —3.941x10°t* (R* =0.999) (12)
T v = 24.551+1.008t —0.008t* —3.709x10°t> (R = 0.999) (13)
T w = 29.897 +2.190t —0.010t* +4.176x10°t*  (R® =0.999) (14)
Tosow = 29.365+2.180t —0.007t* +5.275x10°t*  (R* =0.998) (15)
Toow = 28.678+1.639t +0.025t* —8.333x10°t*  (R? =0.998) (16)
With 10 g of SiC the regression fitting equations are as follows:
Tooow = 22.458+2.008t +0.015t° —2.177x107*t>  (R* =0.997) 17)
T, w = 20.654+2.362t —0.020t* —5.138x107*t*  (R* =0.998) (18)
Toow =21.825+2.108t —0.070t* +8.333x107*t*  (R* =0.997) (19)
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Toopw = 22.072+3.332t—0.0252t% +0.001t*  (R? =0.999) (20)

Towow = 24.000+1.118t +0.177t* —6.333x107*t>  (R® =0.999) (21)

The temperature of the eucalyptus leaves with and without SiC is mainly influenced by the heating time. For
the microwave power 400, 450, 500, 550, and 600 W, the recorded temperatures of eucalyptus leaves can be
estimated using the following equations: Equation (12) for the heating time range 0 <t < 141 s, Equation (13) for
0 <t<118s, Equation (14) for 0 <t < 107 s, Equation (15) for 0 <t < 87 s, and Equation (16) for 0 <t <52 s.
Similarly, for the combination of eucalyptus leaves and SiC, the recorded temperatures can be estimated using
equations: Equation (17) for the heating time range 0 <t < 61 s, Equation (18) for 0 <t < 58 s, Equation (19) for
0 <t <49 s, Equation (20) for 0 <t <41 s, and Equation (21) for 0 <t<30s.

3.3. Effect of SiC Amount

The effect of different SiC (0, 2.5, 5, 7.5, and 10 g) on heating performance of eucalyptus leaves is shown in
Figure 6. Throughout the investigation, the microwave power, amount of eucalyptus leaves, and quartz reactor
volume were constant at 600 W, 10 g, and 100 mL. With the SiC amount of 0, 2.5, 5, 7.5, and 10 g, the average
heating rates were 73.9, 99.6, 138.9, 193.2, and 352.4 <T/min. The time required to reach temperatures of 200.8,
203.5, 206.4, 204.3, and 200.2 T was of 141, 109, 79, 60, and 30 s, respectively. With increase in the amount of
SiC, the average heating rate of eucalyptus leaves increased due to the higher concentration of SiC particles in the
feedstock. More SiC particles enhance microwave absorption, which is dissipated as heat, promoting greater
molecular agitation and faster heating [38]. Additionally, the increased concentration of SiC provides a larger
surface area for absorption, improving the dielectric properties and facilitating a more efficient heating process
[39].

250
200 |
g
© 150
=
[4]
|-
8 100 | Experiment Regression
5 40 0
= <4259 25g
S0F —<4-59 ——05g
—3-759¢g 759
—<}-109g —10¢g
O 1 " 1 " 1 " 1 " 1 " 1 "
0 30 60 90 120 150 180
Time (s)

Figure 6. Recorded and approximated temperatures of eucalyptus leaves at different amount of SiC.

During the process of microwave heating, the temperature of the eucalyptus leaves is affected by the heating
time. For the SiC amount of 0, 2.5, 0.5, 0.75, and 10 g, the transient temperatures can be estimated using the
following equations: Equation (22) for the heating time range 0 < t < 141 s, Equation (23) for 0 <t < 109 s,
Equation (24) for 0 <t <79 s, Equation (25) for 0 <t <60 s, and Equation (26) for 0 <t <30s.

T, =30.530+2.455t —0.012t* +2.592x10°t°  (R* = 0.999) (22)
T,sq = 20.481+1.831t +0.005t* —6.430x10°t* (R* =0.998) (23)
Ty, =22.993+1.979t+0.017t* ~1.709x10*t*  (R* =0.996) (24)

T,5, = 23.019+2.536t+0.036t> —4.777x10 "> (R* =0.998) (25)

9 of 12



Green Energy Fuel Res.2025, 2(1), 1-12 https://doi.org/10.53941/gefr.2025.100001

Ty, =24.000+1.118t+0.177t* -6.333x107*t>  (R* =0.999) (26)

The R? values obtained from the calculation of regression statistics are within the range of [0, 1]. The closer
the value is to 1, the stronger the ability of the dependent variable of the regression equation to the microwave
heating temperature of eucalyptus leaves and the better fitting effect of this regression equation. Similarly, the
higher the value, the smaller the difference from R?, indicating greater accuracy of the regression equation. The
R? regression values show that Equations (22) to (26) are effective in estimating the transient temperatures of
eucalyptus leaves at different amounts of SiC loading.

4. Conclusions

This study investigated the microwave heating performance of eucalyptus camaldulensis leaves, both with
and without silicon carbide. The effects of quartz reactor volume, microwave power, and SiC amount on heating
performance were studied. As the quartz reactor volume increased from 50 to 250 mL, the average heating rate of
eucalyptus leaves without SiC decreased from 153.2 to 47.2 <C/min, while with 10 g of SiC, it decreased from
366.8 to 106.2 T/min. Conversely, as microwave power increased from 400 to 600 W, the average heating rate
of eucalyptus leaves without SiC increased from 73.3 to 197.4 <C/min, and with 10 g of SiC, it increased from
138.6 to 352.4 <T/min. However, as the amount of SiC increased from 0 to 10 g, the heating rate improved from
73.9 to 352.4 <T/min. The optimal heating rate of 366.8 <C/min was achieved in 50 mL quartz reactor using 10 g
SiC at 400 W. Equations were proposed to estimate the temperatures, and the R? values for the effects of quartz
reactor volume, microwave power, and SiC amount were in the ranges of 0.995-0.999, 0.997-0.998, and 0.997—
0.998, respectively. These results show that the incorporation of SiC significantly enhanced the heating rate of
eucalyptus camaldulensis leaves, which is essential for optimizing biofuel upgrading processes in future research.
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