N

Instruments

Characterization of Water Adsorption
and Desorption in Wood

Keywords: Sorption Analyzer, Discovery SA, Wood, Humidity

INTRODUCTION

Building and construction materials are required to be mechanically
and structurally stable throughout the lifespan of structures. Wood
and lumber are essential natural resources and versatile materials
used in building and construction applications. The mechanical
properties of wood are significantly affected by moisture content.
[1] Wood is a porous and fibrous structural material that can
absorb moisture from the atmosphere. Depending on the humidity
and climate conditions, the moisture content of wood can change
over time which can impact structural and mechanical integrity.
Therefore, it is necessary to understand the water sorption
behavior in wood.

Sorption analysis measures the moisture sorption behavior of a
material.[2] The Discovery SA measures the weight change of a
sample under controlled temperature and relative humidity (% RH)
conditions. Temperature or %RH is held constant while the other
parameter is changed either stepwise or continuously during a
test. Stepwise changes of %RH will often see an instantaneous
change of the weight and further equilibration to a stable weight
over time. The time needed for equilibration depends on the
temperature, %RH step and characteristic sorption kinetics of
the material. Stepwise %RH sorption analysis provides the total
amount of water content at equilibrium at a given %RH and the
kinetics of the uptake. This can be important information for
determining diffusion coefficients of water into a sample material.
[3] The stepwise %RH sorption analysis at constant temperature
is established as a quasi-standard method.

EXPERIMENTAL

The TA Instruments Discovery SA was used to determine the
moisture adsorption and desorption behavior of three different
types of wood samples. The wood was dried prior to the %RH
step analysis by holding the samples at 0 %RH for multiple hours
or until weight stabilization at 25 °C. Drying under high temperature
or vacuum is avoided because those conditions can change the
structure of the material and hence change the sorption behavior.
All the samples were analyzed isothermally at 25 °C with humidity
step up from 0%RH to 90%RH and then step-down humidity
to 0%RH with 10%RH intervals during both absorption and
desorption. A stabilization criterion was set to abort the current
humidity step. When weight change stabilized within 0.01%
with a 10-minute interval the test moved to the next %RH step
of the method. The stabilization criterion helps reduce the total
experimental time, while maintaining the accuracy of the results.
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RESULTS AND DISCUSSION

Sorption Behavior of Wood

To study humidity impact on the wood materials, moisture
sorption analysis with the humidity (%RH) step experiment over
a broad range at constant temperature were performed. Moisture
sorption analysis was performed three wood samples with a
humidity (%RH) step experiment at a constant temperature.
Figure 1 shows the raw data for the humidity step experiment for
Wood 1. The green curve shows the humidity steps, while the blue
curve shows percent weight change which occurs as the humidity
changes. The sample weight increased with the rising %RH steps
(adsorption) and weight decreased with the falling of the %RH
steps (desorption). At a constant temperature, the time required to
reach equilibrium depends on the relative humidity of the specific
step. Higher humidities required longer time to reach equilibrium.

Three types of wood: Wood 1 (softwood), Wood 2 (hardwood)
and Wood 3 (laminate) were analyzed for their sorption behaviors.
The overlay of the Stepwise %RH sorption analysis is shown in
Figure 2. All 3 samples were run with same sorption/desorption
method. The time required to reach equilibrium at each %RH step
is characteristic of the sorption kinetics of each sample. Wood 1
showed afaster sorption kinetics compared to Wood 2. Regardless,
the equilibrium water content was similar in both samples. Wood
3 contains a laminate layer which reduces the amount of moisture
sorption, and which resulted in significantly lower water absorbed
compared to Wood 1 and 2. The equilibrium weight change can
also be extracted from the data as the final value at the end of
each %RH step. The equilibrium weight changes of the 3 wood
samples are listed in Table 1. It is observed that Wood 3 has nearly
half the weight change of Wood 1 and Wood 2 at equilibrium.

20 100
15 F 80
~J
o 03
&€ g
% 10 lso O
5 z
g 2
g) 5 F40 <
2 B
- k=
0 20
5 0
0 500 1000 1500 2000 2500
Time t (min)

Figure 1. Stepwise %RH Sorption Analysis of Wood 1 with % Weight
Change in Adsorption and Desorption.
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Figure 2. Overlay of Sorption Analysis in Wood Samples.
Weight Change %
Relative Humidity %RH Wood 1 Wood 2 Wood 3
0 0.0 0.0 0.0
10 2.3 2.3 1.3
20 3.7 3.6 2.1
30 4.8 4.8 2.7
40 5.9 5.8 3.3
50 7.0 6.9 3.8
60 8.2 8.1 4.4
70 9.7 9.7 5.2
80 12.0 12.0 6.3
90 16.7 17.3 8.9

Table 1. Equilibrium Weight Change at Each %RH Step

Sorption Isotherm of Wood

A sorption isotherm can be generated by plotting the equilibrium
weight change shown in Table 1 against %RH. A sorption isotherm
is a good way to present the data when studying moisture-sample
interactions. The shapes of the sorption isotherms can be related
to different sorption behaviors.[4] TRIOS software can generate
the sorption isotherm automatically with the file transformation
feature. An analysist will want to make sure that the samples reach
equilibrium at the end of each humidity step before generating a
sorption isotherm.

Figure 3 shows the sorption isotherms of the wood samples during
both adsorption and desorption. Wood 1 and 2 show an overlap in
their sorption isotherm data despite the different sorption kinetics
observed in Figure 2. The wood samples show Type Il adsorption
with hysteresis. This means the sorption isotherm generated from
adsorption may not necessarily be the same as the desorption
isotherm. Equilibrium moisture content of desorption is often higher
than the adsorption for a given %RH at constant temperature. The
difference in moisture content between adsorption and desorption
results in moisture sorption hysteresis. The hysteresis results from
sample-moisture interaction or material change.

25

20

Weight Change (%)
=)

— Wood 1
— Wood 2
— Wood 3

0 20 40 60 80 100
Relative Humidity (%RH)

Figure 3. Overlay of Sorption Isotherm of the Wood Samples.
CONCLUSION

Sorption analysis is an important analytical tool for the
characterization of wood or any construction materials where
the impact of humidity is important to material performance. The
Discovery SA from TA Instruments is able to measure accurate
moisture absorption and desorption over varied levels of relative
humidity. The time required to reach equilibrium is characteristic
of a material’s sorption kinetics. A sorption isotherms can be
easily generated to understand the water content at equilibrium
conditions. Both sorption isotherm and sorption kinetics should
be used for construction materials characterization.
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For more information or to request a product quote, please visit
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information.
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