
The Application of the Huang Method in the Analysis of Microwave Heating

Xiao-Qing Yang, Li-Jun Yang,� and Guo-Zhu Jia
Institute of Applied Electromagnetics, Sichuan University, Chengdu 610064, P. R. China

(Received January 13, 2009; CL-090048; E-mail: xqyang@suc.edu.cn)

In this paper, acetone iodation was carried out and the
Huang method based on experimental results was employed to
calculate the effective permittivity of acetone iodation system
as a function of temperature and reaction time. The coupled elec-
tromagnetic field equations, reaction kinetics equations, and heat
transport equation were solved to simulate the microwave heat-
ing on chemical reaction. Here, the finite difference time domain
(FDTD) method was used. Finally, the calculated results were
compared with the measured results to verify this calculation.
This method offers high potential applications in the explanation
of some specific phenomena in the microwave heating on chemi-
cal reactions and instructs the design of microwave chemistry
reactor.

Most chemical reactions are sensitive to temperature; there-
fore, using microwaves to heat reactants presents an impressive
application prospect.1 Unfortunately, some difficulties arise in
the application of high-power microwaves in chemistry.2,3 Obvi-
ously, it is necessary to develop some methods in this challeng-
ing field to simulate microwave heating on chemical reactions.
Nowadays, a number of numerical approaches have been used
to study microwave heating,4–7 but most of the traditional nu-
merical simulations of microwave heating are limited to use of
coupled electromagnetic and thermal equations. Only a few
methods have been used to simulate microwave heating in chem-
ical reactions to instruct the design of microwave chemistry re-
actors and give reasonable explanations for the specific effects of
microwaves in chemical reactions.8,9 For the microwave heating
on chemical reactions, the main difficulty is that the effective
permittivity of the reactantion system changes with not only
temperature but also reaction time. The most important previous
work in simulation is to obtain the effective permittivity of
chemical reaction system as a function of temperature and reac-
tion time. In this paper, the Huang method10 based on experi-
mental results was employed to calculate the effective permittiv-
ity of acetone iodation reaction system as a function of temper-
ature and reaction time. Meanwhile, coupled electromagnetic
field equations, reaction kinetics equations, and heat transport
equation have been used to study the microwave heating of
chemical reactions for the first time. Here, FDTD method was
employed. To verify this method, the temperature rising inside
the acetone iodation reaction system under microwave irradia-
tion was measured with an optical fiber thermometer. The calcu-
lated results were compared with the measured results. Good
agreement can be seen between the measured and calculated
results. This method offers high potential applications in the ex-
planation of some specific phenomena in the microwave heating
of chemical reaction systems and instructs the design of micro-
wave chemistry reactors.

Generally, the effective permittivity of reactants changes
with not only temperature but also reaction time. In the simula-

tion of microwave heating on chemical reactions, we have to
know the effective permittivity as a function of temperature
and reaction time. Huang proposed a method based on experi-
mental results to calculate the effective permittivity of chemical
reaction systems as a function of temperature and reaction
time.10

In this paper, acetone iodation was carried out because it is
a carefully studied chemical reaction and because significant
change of effective permittivity can be observed. The reaction
was carried out at four constant temperatures of 30, 37, 44,
and 52 �C, respectively. By using the Huang method, the permit-
tivity of a mixture during the acetone iodation reaction at
915MHz can be obtained.

We used a Banpo-1 solid-state source to generate power, the
frequency stability is up to 10�8. The maximum output power of
the generator is 100W. In order to avoid very fast temperature
rise and convection of the solution, less than 5-W power was
used. The measurement was performed at 915MHz. A coaxial
probe was inserted in the solution and used to heat the reaction
system. A power meter with two channels was used to measure
the input and reflected power. A UMI-8 optical fiber thermo-
meter with diameter of 1mm was employed to measure the
temperature near the top of the coaxial probe. A PC was used
to record the rising temperature. It should be noted that the
height and diameter of the beaker must be larger than two wave-
lengths of microwave in the solution to avoid the influence of
microwave reflection from the wall of the beaker and air–
solution interface. Generally, the reflection decays rapidly owing
to the lossy solution. The experimental system is shown in
Figure 1.

According to the experiment conditions, a numerical model
used to calculate the rising temperature in the acetone iodation
system is shown in Figure 2.

In the model, the optical fiber is considered. In the calcula-
tion presented in the following section, the diameters of the inner
and outer conductor of the coaxial line are taken to be D4 ¼
3:04, D2 ¼ 9:8, and D3 ¼ 16mm. The diameter of the extended
inner conductor is assumed to beD1 ¼ 1mm. The height and di-
ameter of the calculation domain are H ¼ 210 andD ¼ 140mm.

Figure 1. The experimental system.

406 Chemistry Letters Vol.38, No.5 (2009)

Copyright � 2009 The Chemical Society of Japan



The heights of h1, h2, and h3 are 50, 109, and 100mm, respec-
tively. Two optical fibers were employed to measure the rising
temperature. One was placed at point A (�8mm, 101mm);
another was placed at point B (8mm, 111mm). The coupled
electromagnetic field equations, reaction kinetics equations,
and heat transport equation were solved to simulate the micro-
wave heating on the chemical reaction by FDTD.9 The elec-
tromagnetic fields in reactant satisfy Maxwell’s equations as
follows:

�
dCCH3COCH3

dt
¼ Krate � CCH3COCH3

� CHþ ð1Þ

The heat transport equation is given by
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where Peð r
*
; tÞ is the releasing power per unit volume produced

by the reaction, Pdð r
*
; tÞ is the electromagnetic power dissipated

per unit volume, �m is the medium density, Cm is the specific
heat of the medium, kt is thermal conductivity of the medium.
The thermal properties of the medium in the model can be found
in published reference.11 The reaction kinetics equation can be
given by
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where the concentration of acetone is CCH3COCH3
, the concentra-

tion of pH indicator is CHþ , Krate is the rate constant of acetone
iodation reaction.

By simulation, we have obtained the distribution of electric
field and temperature after 10 s with 0.3-W absorbing power.
The results are shown in Figure 3.

By experiment, we measured the rising temperature at point
A and B in Figure 2. The measured results are compared with the

calculated results with 0.3-W absorbing power. The comparisons
are shown in Figure 4.

From Figure 4, good agreement can be seen between the
measured and calculated results. It verifies the feasibility of
the method. This method offers high potential applications in
the explanation of some specific phenomena in the microwave
heating of chemical reaction systems and instructs the design
of microwave chemistry reactors.
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Figure 2. The numerical model to simulate the microwave
heating in acetone iodation system.
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(b) Distribution of temperature
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Figure 3. The electric field and temperature distribution after
10 s with 0.3-W absorbing power.

Figure 4. Temperature rising at point A and B.
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