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The Characteristics of Wood Microwave
Vacuum Drying and Its Mechanism of
Heat and Mass Transfer

Li Xianjun (Wood Science and Technology)
Directed by Professor Zhang Biguang

Abstract

Microwave-vacuum (MV) drying is a fast and efficient
technology that has been widely used in various industries for drying
material, but it is relatively new in wood product industry. The
fundamental principle and mechanism of wood drying under
microwave-vacuum were limited in the literature. In this thesis,
Masson pine was selected as experimental material to systematically
investigate the drying characteristics under MV. The mechanism of
heat and mass transfer in wood during the MV drying process was
described and a mathematic model based on the theory of heat and
mass transfer was developed. The research will provide a better
understanding for the further application of MV drying technology in
wood industry. The main conclusions and originality of this study
were summarized as the following:

1. Basic characteristics of Mason pine wood during microwave-
vacuum drying.

The result showed: (1) the average drying rate of Mason wood
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increased with the increase of microwave input power, wood initial
moisture content, and vacuum level; (2).the effects of thickness and
length of wood on the average drying rate was negligible;(3).the rate
of moisture transfer varied with the grain direction of wood and could
be ranked in the order of: unsealed sample >longitudinal >radial
>tangential; (4).the analysis of variance indicated that the other
factors except for intensity of microwave power input and initial
moisture content of wood didn’t significantly affect the average
drying rate of wood; (5). The whole process of MV wood drying
could be divided into three distinct periods: sharp increase of the
temperature and gradual increase of wood drying rate period; stable
temperature and drying rate period; and increase of the temperature
and decrease in wood drying rate period. (6) To remove 0.7 to 1.2
kilogram moisture from wood consumed about 1 kilowatt microwave
energy during MV drying. It was observed that the microwave energy
efficiency could be significantly increased with the increase of
vacuum level and wood initial moisture content. (7) The result
showed that drying rate of MV drying could be 4 times higher than
that the one of floating pressure drying.

2. Effect of microwave treatment on moisture movement inside
wood.

The results showed that: (1) microwave treatment was an
effective way to break the pit membrane structure of wood, which
improved the permeability and speeded up the moisture movement
inside wood in which moisture permeability can be considered to be
predominant mass transfer. (2) the MC treatment didn’t show
considerable improvement in water diffusion process (only increased
the diffusion coefficient by 3%), which was not able to improve
significantly the sequence drying process during conventional drying,.
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3. Effect of thermal diffusion on moisture transfer.

The result showed that: (1) The moisture could flow inside wood
from cold surface to warm surface, and the moisture content gradient
could be possibly opposite to the temperature gradient if the opposite
faces of the wood sample were exposed continuously to different
temperature for a short period. The magnitude of thermal diffusion
(dM/dT) was below 0.9%; (2) A new constant temperature profile
could be reached after the short period of time (between 1 to 2 h) in
wood whose two opposite end surfaces were subjected to two
different temperatures. As the time increased, the moisture content
distribution curve along the thickness direction of wood subjected to
non-isothermal condition changed from logarithmically form to
exponentially, and the effect of thermal diffusion in wood was more
significant; (3) The temperature and initial moisture content in wood
were the key factors to determine the thermal diffusion in wood.
When they increased, the effect of thermal diffusion would be more

significant. (4) The effect of microwave pretreatment and wood
' specimens from different locations (sapwood or heartwood) on
thermal diffusion was not significant.

4. Mechanism of moisture transfer during MV drying process

Based on the mechanism of moisture and heat transfer in wood
during microwave-vacuum drying (MVD), a one-dimensional
mathematical model to describe the process of wood MVD was
established and verified by experiments. The results showed that: (1)
During the MV drying, the temperature and moisture distribution in
wood was relative uniform compared with conventional drying
methods to minimize the drying stresses induced by the moisture
difference. By the end of drying, moisture content distribution in
wood was even more uniform, however, it was noticed that the inner
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temperature difference of wood presented growing trend. (2) Above
fiber saturation point (FSP), the movement of moisture inside wood
was assumed to be permeable movement of free water and vapor
under the action of pressure gradient. Below FSP, moisture moved
mainly in vapor form in response to a pressure gradient. The moisture
transfer caused by heat diffusion and moisture content gradient could
be neglected. (3) The predicted temperature and moisture content in
wood matched well with the experimental data. The square of the
correlation coefficient between the simulated and measured values
was above 0.98. The correlation coefficient to predict the moisture
gradient was higher than to the temperature gradient,
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