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Abstract: Activated carbon (AC) is widely utilized in water treatment, gas adsorption, and purifica-
tion as well as the protection of environment due to the characteristics of prominent catalytic and
adsorbent effect. The heating performances are therefore of significant importance for the further
applications. The main objective of this study was therefore to detail the heating performance of
activated carbon in microwave field, and the factors affecting the heating performance were also
explored. In this study, the heating performance of AC as affected by microwave power (400, 450,
500, 550, and 600 W), feeding load (5, 10, 15, 20, and 25 g), and reactor volume (50, 100, 150, 200,
and 250 mL) were detailed and reported. The results showed that when the microwave powers
were 400, 450, 500, 550, and 600 W, the temperatures of AC increased to the desired value (about
200 ◦C) within 90, 85, 70, 60, and 35 s with average heating rates of 2.0, 2.2, 2.8, 3.0, and 5.9 ◦C/s,
respectively. When the feeding loads were 5, 10, 15, 20, and 25 g, the temperatures of AC increased
to desired temperature within 40, 70, 60, 50, and 50 s with average heating rates of 4.2, 2.8, 3.1,
3.50, and 3.55 ◦C/s, respectively. When the reactor volumes were 50, 100, 150, 200, and 250 mL,
the temperatures of AC increased to the desired temperature within 25, 60, 70, 70, and 160 s with
average heating rates of 7.6, 3.3, 2.8, 2.6, and 1.2 ◦C/s, respectively. In general, the faster heating rate
of activated carbon was achieved at higher microwave power, more feeding load, and smaller reactor
volume. Fitting formulae were given to predict the transient temperatures of AC in the microwave
field, and the relative errors were in the ranges of −15.4~12.4%, −15.4~13.5% and −18.7~12.4% at
different microwave powers, feeding loads, and reactor volumes, respectively.

Keywords: heating performance; activated carbon; microwave field; transient temperature

1. Introduction

Activated carbon (AC) is a porous material, which can be produced from coal [1],
biomass [2], and synthetic organics [3,4]. The preparation technology is critically necessary
for the properties of AC, and can be divided into physical and chemical activation meth-
ods [5]. Physical activation is widely used in commerce, and it experiences carbonisation in
neutral environments and activation in an oxidizing atmosphere [6,7]. Chemical activation
is usually utilized for raw materials containing cellulose, with the participation of activating
agent, such as alkali hydroxides (NaOH and KOH) and metal salts (ZnCl2) [8–10]. Physical
activated AC needs a long activation time and has a low adsorption capacity [11,12]. In
contrast, the chemical activated AC consumes less processing time and obtains more porous
structure [13–15]. No matter which technique is used, prepared AC has unique physical
and chemical characteristics, and it is widely used in people’s life and industry [16–21], e.g.,
water treatment [22–24], gas adsorption and purification [25–27], electrical appliances [28],
and the protection of the environment [29,30].

Microwave treatment is an attractive and promising heating technique, and it is widely
utilized in the manufacturing technology [31], food processing industry [32], and gasifi-
cation and pyrolysis fields [33–36]. As compared with the conventional electric heating
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method, the microwave one has the ability to penetrate into the materials, produce heat,
and form high temperatures inside the object [37,38], showing prominent advantages, such
as rapid heating rate [39,40], more value-add production [41], and easy control [42]. Be-
cause of the prominent advantages of microwave heating, it is broadly applied in pyrolysis
technique. Microwave-assisted pyrolysis (MAP) is one of the most attractive thermochemi-
cal processing methods [43,44] where high conversion efficiency [45,46] and low energy
consumption [47] can be achieved.

Due to the desired catalytic capacity and prominent dielectric properties [48], AC
presents promising potential acting as the catalyst and microwave absorber in the process
of MAP [49,50]. Plentiful work had been undertaken to investigate the effect of AC on
the pyrolysis performance. It was reported that the addition of AC in MAP increased the
bio-gas yield and enhanced H2 selectivity (55.7 vol.%) whilst it decreased the bio-oil yield
as compared with traditional pyrolysis [51]. MAP of high density polyethylene (HDPE)
with AC as a catalyst was investigated [52], and higher hydrocarbon production yield
was obtained as compared with a conventional technique with coke as the catalyst. The
absorbent effect of AC was examined by co-pyrolysis of Chlorella vulgaris and HDPE
heated by a microwave [53]. With the addition of AC, the compounds containing nitrogen
and oxygen decreased by 75.75% and 45.62% respectively, showing excellent denitrification
and deoxygenation effects on the bio-oil produced by pyrolyzing Chlorella vulgaris only.

Previous work mainly focused on the catalytic and absorbent effects of AC and ignored
the heating performance of AC, especially in the microwave field. Thus, it is necessary to
study the heating performance of AC in the process of microwave-assisted heating. Fu
et al. [54] explored the heating performance of HDPE in the microwave heating process.
It was observed that larger chamber volume, more feeding load, and higher microwave
power may result in a faster heating rate of HDPE. Similar results were observed by Hong
et al. [55], which explored the heating performance of low density polyethylene (LDPE).
They found that more feeding load and higher microwave power may improve the heating
rate of LDPE, while larger chamber volume resulted in a lower heating rate of LDPE. In
this article, the heating performance of AC was investigated, aiming to provide a better
understanding of microwave heating of AC in a microwave field.

Although the heating performances of AC are significant in many practical situations,
the relevant research was not reported, according to our knowledge. The main objective
of this study was to explore and present the heating performance of AC in a microwave
field. The specific objectives were: (a) to present the microwave heating performance of
AC, and (b) to investigate the influences of microwave power, feeding load and reactor
volume on the heating performance. The results obtained from this study can not only
provide a fundamental understanding of microwave heating of AC but can also propose
relationships for estimating the transient temperatures of AC in the microwave field.

2. Materials and Methods
2.1. Materials

In this study, activated carbon (AC) was selected as the feedstock in the microwave
chamber. The AC was bought from Henan Lize Environmental Protection Technology Co.,
Ltd. (Zhengzhou, China), which was derived from the corn stalk, pyrolyzed in the absence
of oxygen, with the temperature ranging from 500 ◦C to 600 ◦C. The AC sample is shown in
Figure 1.

2.2. Experimental System

Figure 2 depicts the systematic diagram of the experiment utilized in this study. The
experimental system is primarily composed of three subsystems: the microwave assisted
heating system, the temperature measurement system, and the ancillary system. The
microwave assisted heating system mainly consists of two parts: a microwave oven and
a quartz reactor (as shown in Figure 2b). The oven provides the microwave with powers
from 300–700 W and frequency of 2450 MHz and it is manufactured by Beijing Yihuida
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Microwave Equipment Company (Beijing, China). The physical dimensions of this oven
are 300, 300, and 350 mm in length, width, and height, respectively.
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Figure 2. Microwave assisted heating system. (1) microwave chamber; (2) connection pip; (3) K-type
thermocouple; (4) temperature indicator; (5) vacuum pump; (6) electric power detector. (a) Systematic
diagram; (b) Quartz chamber.

The quartz reactors were customized by Donghua Quartz Products Company (Lianyun-
gang, China), and five sizes (50, 100, 150, 200 and 250 mL) were selected in the research.
The quartz reactors can resist high temperatures, and the round ones are good for inves-
tigating the heating performance of particles, and are therefore widely used [54,55]. The
temperature measurement system primarily consists of two parts: a K-type thermocouple
measuring the temperature of AC and a digital thermometer displaying the experimental
temperature. The ancillary system primarily consists of a vacuum pump to remove gas,
protecting from the oxidation of AC. The oven is padded with insulated cotton, which
wraps the reactor and reduces heat loss. Due to the weak microwave absorbability, the
temperature of the insulating cotton has nearly no change, without obvious influence on
the experimental results.

2.3. Experimental Procedures

To explore the heating performance of AC in the microwave chamber, the experiment
was organized as shown in Figure 3: (1) weigh the feedstock for 10 g precisely and then
put it into the reactor whose volume was 150 mL; (2) place the reactor in the microwave
oven, pad the insulated cotton inside the microwave oven, and measure the displayed
temperature; (3) connect the integral experimental system as depicted in Figure 2, and then
switch the vacuum pump to remove the remained gas; (4) switch the microwave oven
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at the power of 500 W, and record the temperature per five seconds until around 200 ◦C
was reached; (5) experiment was completed and all connection pipes were washed for the
subsequent experiment. Each experiment was repeated three times.
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Subsequently, follow the above operations, and repeat the experiments by modifying the
microwave powers as 400, 450, 550, and 600 W, respectively, with the feeding load and reactor
volume fixed at 10 g and 150 mL. Next, repeat the experiments by modifying the feeding
loads as 5, 15, 20, and 25 g, respectively, with the microwave power and reactor volume fixed
at 500 W and 150 mL. Last, repeat the experiments by modifying the reactor volumes as 50,
100, 200, and 250 mL, respectively, with the microwave power and feeding load fixed at 500 W
and 10 g. The detail factors in the heating experiments are listed in Table 1.

Table 1. Factors for the heating of activated carbon.

Factor Unit Value

Microwave power W 400, 450, 500, 550, 600
Feeding load g 5, 10, 15, 20, 25

Reactor volume mL 50, 100, 150, 200, 250

2.4. Experimental Conditions and Data Processing

The heating performances of AC obtained from the microwave assisted heating cham-
ber were investigated in detail and the influences of microwave power, feeding load, and
reactor volume were explored. The microwave powers were 400, 450, 500, 550, and 600 W;
the feeding loads were 5, 10, 15, 20, and 25 g; and the reactor volumes were 50, 100, 150,
200, and 250 mL.

The experimental data were fitted by third-degree polynomial, and the effect of fitting
was evaluated by the relative error, which can be calculated as follows:

e =
x0 − x

x
× 100% (1)

where e is the relative error, and x0 and x are predicted and experimental values, respectively.

3. Results
3.1. Effect of Microwave Power
3.1.1. Transient Temperature

Figure 4 shows the heating performances of activated carbon (AC) at different mi-
crowave powers (400, 450, 500, 550, and 600 W) with the fixed feeding load (10 g) and
reactor volume (150 mL). It showed that as time went on, the temperature of AC improved
monotonously with the increase in time. This was due to more microwave energy being
absorbed by the AC particles with increased heating time. Higher microwave power was
provided, and shorter time was needed for the desired temperature (about 200 ◦C). The
times that the temperature of AC reached the desired value were 90, 85, 70, 60, and 35 s
when the microwave powers were 400, 450, 500, 550, and 600 W, with average heating rates
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of 2.0, 2.2, 2.8, 3.0, and 5.9 ◦C/s, respectively, as shown in Table 2. The highest heating
rate of AC occurred at the microwave power of 600 W, and the lowest occurred at the
microwave power of 400 W. These were due to more energy provided and absorbed by AC
with the increment of microwave power.
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Table 2. The heating rates and R2 of temperature fitting at different microwave powers.

Microwave Power (W) Heating Rate (◦C/s) Fitting R2 (%)

400 2.0 97.3
450 2.2 97.2
500 2.8 96.3
550 3.0 97.3
600 5.9 94.8

The heating rates of AC, e.g., 2.8 ◦C/s at microwave power of 500 W, were generally
higher that the heating rates of plastic waste, e.g., as reported by Fu et al. [54]. These were
due to the fact that AC generally has higher microwave absorbability (tanδ = 0.62) than
plastic waste (tanδ = 0.0001–0.0004) [56].

The obvious flat level of temperature was observed at low microwave power (400 W)
when the heating time ranged from 15 to 65 s. With the power increased, the time interval of
flat level contracted gradually until the shortest interval sustained for around 10 s at 600 W.
The time intervals were 50, 45, 25, 20, and 10 s, respectively. Generally, the heating rates rose
with the increased microwave powers, resulting in the flat level disappearing gradually.

3.1.2. Temperature Prediction

With respect to microwave heating temperature of AC, dependency on heating time
at different microwave power was observed, implying that the temperatures of AC in the
heating process had the potential to be predicted according to the heating time. At the fixed
feeding load and reactor volume of 10 g and 150 mL, respectively, when the microwave
power was 400 W, the temperatures of AC can be predicted by the fitting formula:

T = 20.15947 + 5.16272t − 0.11821t2 + 9.36855 × 10−4t3 R2 = 0.973 (2)

where T is the transient temperature of AC (unit: ◦C) and t is the heating time (unit: s).
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At the condition with microwave power of 450 W, the temperatures of AC can be
predicted by the fitting formula:

T = 8.09708 + 6.39073t − 0.16069t2 + 0.00134t3 R2 = 0.972 (3)

At the condition with microwave power of 500 W, the temperatures of AC can be
predicted by the fitting formula:

T = 3.33302 + 6.5421t − 0.16799t2 + 0.00164t3 R2 = 0.963 (4)

At the condition with microwave power of 550 W, the temperatures of AC can be
predicted by the fitting formula:

T = 24.38503 + 6.7244t − 0.22767t2 + 0.00282t3 R2 = 0.973 (5)

At the condition with microwave power of 600 W, the temperatures of AC can be
predicted by the fitting formula:

T = 12.95455 + 12.0731t − 0.66968t2 + 0.01421t3 R2 = 0.948 (6)

Figure 5 shows the predicted and experimental temperatures at different microwave
powers. The R2 of fitting results were 97.3, 97.2, 96.3, 97.3, and 94.8% for the microwave
powers of 400, 450, 500, 550, and 600 W, respectively, as shown in Table 2. To further
evaluate the accuracy of the fitting formulae for predicting the temperature of AC in the
heating process by virtue of using heating time, the relative errors between predicted
and experimental temperatures were calculated. The variation of temperature of AC was
not stabilized at the initial heating period, which resulted from the prominent influence
of the ambient environment. The relative errors between predicted and experimental
temperatures were relatively noticeable at the first 10 s. The maximum relative errors
reached 72.4, 58.8, −79.9, 44.3, and 66.7%, corresponding to the microwave powers of
400, 450, 500, 550, and 600 W, respectively. After the initial 10 s, the prediction of heating
temperature showed a relative accurate prediction. The relative errors ranged from −12.6 to
6.6, −14.5 to 7.9, −15.4 to 12.4, −6.1 to 3.9, and −5.6 to 6.9%, with the microwave powers at
400, 450, 500, 550, and 600 W, respectively. The maximum relative error predicted (−79.9%)
for different microwave powers was generally higher than the predicted value (35.51%) for
heating plastic waste reported by Fu et al. [54]. This resulted from the dramatic fluctuation
of the temperature at the initial heating period.
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Generally, 84.9% of the predicted temperatures had low relative errors (from −17.6
to 12.4%) with the experimental temperatures, indicating that the fitting formulae had
satisfied the ability to predict the temperatures of AC and the effect of absorbability for the
microwave in the process of microwave assisted heating.

3.2. Effect of Feeding Load
3.2.1. Transient Temperature

Figure 6 shows the heating performances of AC at different feeding loads (5, 10, 15,
20, and 25 g) when the microwave power and reactor volume were fixed at 500 W and
150 mL, respectively. It showed that as time went on, the temperature of AC improved
monotonously with the increase in time, resulting from more microwave energy absorbed
by the AC particles with increased heating time. Normally, when more AC was fed, a
shorter time was needed for the desired temperature (about 200 ◦C). It was obviously
observed that the times for the temperature of AC reaching the desired value were 70, 60,
and 50 s when the feeding loads were 10, 15, and 20 g, with average heating rates of 2.8, 3.1,
and 3.5 ◦C/s, respectively, as shown in Table 3. This was because the increased feeding load
at fixed microwave power and reactor volume led to decreased radiating surface per unit
mass, with more heat stored for improving the temperature of AC [38]. At the condition
when the feeding load was 25 g, the temperature of AC reached a desired value after 50 s,
being the same as that of 20 g. The more accurate heating rate for the feeding load of 20 g
was 3.50 ◦C/s, whereas that of 25 g was 3.55 ◦C/s, indicating the heating rate of AC became
slow when the feeding load ranged from 20 g to 25 g. Another noticeable phenomenon was
that when the AC was fed at 5 g, the feeding rate was 4.2 ◦C/s, obviously being higher than
those at the other conditions. This was mainly because hot spots were generated inside
by the micro-plasma [2]. The flat level existed at the conditions in which the feeding loads
were 10, 15, and 20 g, with time intervals of 20, 15, and 5 s, respectively. When the feeding
load was 25 g, the flat level disappeared due to the high heating rate caused by less heat
loss, while with respect to the feeding load of 5 g, no obvious flat level was observed due
to the high heating rate resulting from the hot spot. Generally, as the heating rate rose, the
flat level disappeared gradually at different feeding loads.
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Table 3. The heating rates and R2 of temperature fitting at different feeding loads.

Feeding Load (g) Heating Rate (◦C/s) Fitting R2 (%)

5 4.2 99.1
10 2.8 96.3
15 3.1 98.9
20 3.50 98.2
25 3.55 99.1

3.2.2. Temperature Prediction

At the fixed microwave power and reactor volume of 500 W and 150 mL, respectively,
when the feeding load was 5 g, the temperatures of AC can be predicted by the fitting formula:

T = 9.44747 + 5.65735t − 0.15344t2 + 0.00293t3 R2 = 0.991 (7)

where T is the transient temperature of AC (unit: ◦C), and t is the heating time (unit: s).
At the condition with feeding load of 10 g, the temperatures of AC can be predicted

by the fitting formula:

T = 3.33302 + 6.5421t − 0.16799t2 + 0.00164t3 R2 = 0.963 (8)

At the condition with feeding load of 15 g, the temperatures of AC can be predicted
by the fitting formula:

T = 11.03255 + 10.19754t − 0.3218t2 + 0.0034t3 R2 = 0.989 (9)

At the condition with feeding load of 20 g, the temperatures of AC can be predicted
by the fitting formula:

T = 9.41469 + 7.46643t − 0.16458t2 + 0.00176t3 R2 = 0.982 (10)

At the condition with feeding load of 25 g, the temperatures of AC can be predicted
by the fitting formula:

T = 16.92308 + 7.19036t − 0.17205t2 + 0.002t3 R2 = 0.991 (11)

Figure 7 shows the predicted and experimental temperatures at different feeding loads.
The R2 of fitting results were 99.1, 96.3, 98.9, 98.2, and 99.1% for the feeding loads of 5, 10,
15, 20, and 25 g, respectively, as shown in Table 3.

To further evaluate the accuracy of the fitting formulae for predicting the temperatures
of AC in the heating process by virtue of using heating time, the relative errors between
predicted and experimental temperatures were calculated. Resulting from the prominent
influence by the ambient environment, the variation of temperature of AC was not stabilized
at the initial heating period. The relative errors between predicted and experimental
temperatures were relatively noticeable for the first 10 s. The maximum relative errors
reached 37.1, −79.9, −24.9, 57.5, and 23.3%, corresponding to the microwave powers of 5,
10, 15, 20, and 25 g, respectively. After the initial 10 s, the prediction of heating temperature
showed relative accurate prediction. The relative errors were ranging from −9.4 to 4.4,
−15.4 to 12.4, −1.8 to 5.6, −6.5 to 9.2, and −1.9 to 13.5%, with the feeding loads of 5, 10, 15,
20, and 25 g, respectively. Generally, 83.1% of the predicted temperatures had low relative
errors (from −15.4 to 13.5%) with the experimental temperatures, indicating that the fitting
formulae had the ability to predict the temperatures of AC in the process of microwave
assisted heating.
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3.3. Effect of Feeding Load
3.3.1. Transient Temperature

Figure 8 shows the heating performances of AC at different reactor volumes (50, 100,
150, 200, and 250 mL) when the microwave power and feeding load were fixed at 500 W
and 10 g, respectively. It shows that as time went on, the temperature of AC improved
monotonously with the increase in time. This was because more microwave energy was
absorbed by the AC particles with increased heating time. Larger reactor volume was
provided, and longer time was needed for the desired temperature (about 200 ◦C). The times
that the temperature of AC reached the desired value were 25, 60, 70, 70, and 160 s when the
reactor volumes were 50, 100, 150, 200, and 250 mL, with average heating rates of 7.6, 3.3, 2.8,
2.6, and 1.2 ◦C/s, respectively, as shown in Table 4. The highest heating rate of AC occurred
at the reactor volume of 50 mL, and the lowest occurred at the reactor volume of 250 mL.
The variation of temperature for heating AC presented an identical tendency as reported by
Hong et al. [49]. This was due to the increased reactor volume at fixed microwave power
and feeding load leading to increased radiating surface per unit mass, with less heat stored
for improving the temperature of AC. At the conditions of various reactor volumes, the
flat lever existed obviously at reactor volume of 250 mL, with a time interval of 55 s. With
respect to the other conditions, the flat level was relatively insignificant.

3.3.2. Temperature Prediction

At the fixed microwave power and feeding load of 500 W and 10 g, respectively, when
the reactor volume was 50 mL, the temperatures of AC can be predicted by the fitting formula:

T = 16.19603 + 5.10791t − 0.26089t2 + 0.0063t3 R2 = 0.989 (12)

where T is the transient temperature of AC (unit: ◦C) and t is the heating time (unit: s).
At the condition with reactor volume of 100 mL, the temperatures of AC can be

predicted by the fitting formula:

T = 9.32445 + 9.95766t − 0.31173t2 + 0.00336t3 R2 = 0.969 (13)

At the condition with reactor volume of 150 mL, the temperatures of AC can be
predicted by the fitting formula:

T = 3.33302 + 6.5421t − 0.16799t2 + 0.00164t3 R2 = 0.963 (14)
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Table 4. The heating rates and R2 of temperature fitting at different reactor volumes.

Reactor Volume (mL) Heating Rate (◦C/s) Fitting R2 (%)

50 7.6 98.9
100 3.3 96.9
150 2.8 96.3
200 2.6 98.7
250 1.2 97.5

At the condition with reactor volume of 200 mL, the temperatures of AC can be
predicted by the fitting formula:

T = 27.14578 + 5.30854t − 0.11778t2 + 0.00113t3 R2 = 0.987 (15)

At the condition with reactor volume of 250 mL, the temperatures of AC can be
predicted by the fitting formula:

T = −5.60409 + 3.22793t − 0.04059t2 + 1.78239 × 10−4t3 R2 = 0.975 (16)

Figure 9 shows the predicted and experimental temperatures at different reactor
volumes. The R2 of fitting results were 98.9, 96.9, 96.3, 98.7, and 97.5% for the reactor
volumes of 50, 100, 150, 200, and 250 mL, respectively, as shown in Table 4.

To further evaluate the accuracy of the fitting formulae for predicting the temperatures
of AC in the heating process by virtue of heating time, the relative errors between predicted
and experimental temperatures were calculated. The variation of the temperature of AC
was not stabilized at the initial heating period, which resulted from the prominent influence
of the ambient environment. The relative errors between predicted and experimental
temperature were relatively noticeable for the first 5 s (initial 20 s was the time period in
which prominent relative error existed for 250 mL reactor volume). The maximum relative
errors reached 30.1, 67.4, −24.9, 39.2, and −136.4%, corresponding to the reactor volumes
of 50, 100, 150, 200, and 250 mL, respectively. After the initial 5 s (20 s for 250 mL reactor
volume), the prediction of heating temperature showed a relatively accurate prediction.
The relative errors were ranging from −12.0 to 2.5, −18.7 to 6.1, −15.4 to 12.4, −11.5 to 4.8,
and −9.6 to 8.3%, with the reactor volumes of 50, 100, 150, 200, and 250 mL, respectively.
Generally, 85.4% of the predicted temperatures had low relative errors (from −18.7 to
12.4%) with the experimental temperatures, indicating the fitting formulae had the ability
to predict the temperatures of AC in the process of microwave assisted heating.
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To further evaluate the accuracy of the fitting formulae for predicting the tempera-
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4. Conclusions

The heating performances of activated carbon (AC) in a microwave field were investi-
gated and some conclusions were obtained.

When the microwave powers were 400, 450, 500, 550, and 600 W, the temperatures of
AC in the heating process increased to the desired temperature (about 200 ◦C) within 90,
85, 70, 60, and 35 s with average heating rates of 2.0, 2.2, 2.8, 3.0, and 5.9 ◦C/s, respectively.
High microwave power emitted more radiant energy and heated AC with a more rapid
heating rate. Fitting formulae were given to predict the temperatures, and the relative
errors ranged from −12.6 to 6.6, −14.5 to 7.9, −15.4 to 12.4, −6.1 to 3.9, and −5.6 to 6.9%,
corresponding to the microwave powers of 400, 450, 500, 550, and 600 W, respectively.

When the feeding loads were 10, 15, 20, and 25 g, the temperatures of AC increased to
desired temperature within 70, 60, 50, and 50 s with average heating rates of 2.8, 3.1, 3.50,
and 3.55 ◦C/s, respectively. In general, more feeding load resulted in faster heating rates,
but hot spot occurred at the feeding load of 5 g. Fitting formulae were given to predict the
temperatures, and the relative errors ranged from −9.4 to 4.4, −15.4 to 12.4, −1.8 to 5.6,
−6.5 to 9.2, and −1.9 to 13.5%, corresponding to the feeding loads of 5, 10, 15, 20, and 25 g,
respectively.

When the reactor volumes were 50, 100, 150, 200, and 250 mL, the temperatures of AC
increased to the desired temperature within 25, 60, 70, 70, and 160 s with average heating
rates of 7.6, 3.3, 2.8, 2.6, and 1.2 ◦C/s, respectively. Larger reactor volumes resulted in a
lower heating rate due to the increased heat loss. Fitting formulae were given to predict
the temperatures, and the relative errors ranged from −12.0 to 2.5, −18.7 to 6.1, −15.4 to
12.4, −11.5 to 4.8, and −9.6 to 8.3%, corresponding to the reactor volumes of 50, 100, 150,
200, and 250 mL, respectively.

The results obtained in this paper can: (a) describe the transient temperatures of AC
heated in microwave field, and (b) predict the transient temperatures of AC in microwave field.
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