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Accomplishments 
A mathematical model for predicting moisture emissions from particle has been constructed 
and is being extended to VOCs. 
Unlike moisture release, which preferentially occurs in the longitudinal direction in board, 
VOCs appear to be evenly released fiom all surfaces. 
Very preliminary results from monthly analyses of wood from selected pine trees show that 
resin acids appear to decrease between March to August. No consistent trends appear for the 
terpenes. 

Mathematical modeling of moisture emissions from particle 

VOC loss fiom softwood particle at temperatures ranging from 105-200°C. Since a part of our 
project is to develop a model for VOC emissions, we elected to start with these data. Use of 
particle was a convenient first step, since the furnish is roughly spherical, and directional effects 
that would prevail in larger pieces of wood could be ignored. We have been able to successhlly 
model moisture loss fiom particle; we are now working on modeling VOC release. Later, we 
will combine the two sections and make allowances for water-VOC interactions. 

In previous work sponsored by Weyerhaeuser (1) we developed profiles for moisture and 

Water loss has been previously modeled (2) through diffusion and evaporation. We use 
the same mechanisms, but our approach differs in that we use the wet line as a clean point of 
demarcation, since this line is critical to VOC release (3). Also, most of the modeling work to 
date has assumed isothermal conditions; ours also includes temperature gradients. Different as- 
sumptions apply to the wet and dry zones, and they are as follows. 

Initially, free water &ses to the surface, with the surface temperature being either at, or 
lower than Tb, the boiling point of water. 

The wet line recedes after depletion of the free water, and the surface temperature rises be- 
yond Tb. The bound water diffuses to the wet line and then evaporates. Since heat e s e s  
into the wood faster than moisture diffuses out, pressure builds up in the wood interior. 
Steam moves fiom the wet line to the surface, at a rate faster than that of the bound water to 
the wet line. 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, ntake any warranty, express or implied, or assumes any legal liabili- 
ty or mponsibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade MIW, trademark, manufacturer, or otherwise does not neceSSarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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Figure 1: Comparison of modeled and 
experimental profiies at 160°C 
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Figure 2: Comparison of modeled and 
experimental profiles at 105°C 

Equations relating mass transfer coefficients for fiee and bound water to time and tem- 
perature have been developed and calibrated with the 130°C data. The mathematical formalism 
will be finalized in the next quarterly report. Our model requires knowledge of the instantaneous 
surface temperature, which changes during the drying process. It starts below Tb, stabilizes at Tb 
during the constant rate period, and then rises during the falling rate regime. Since it is difficult 
to measure the surface temperature of particle, we used corresponding data taken for an OSB 
flake, and assumed that the surface temperature increases at the same rate for both green OSB 
and particle. 

The model calibrated at 130°C was then applied at 160"C, with the flake surface tem- 
perature being the on& experimental input. The fit shown in Figure 1 is excellent. The model 
also handles the 105°C data quite well as shown in Figure 2. Importantly, the fit is good, even 
though the 105°C profile is very different fiom the 130°C and 160°C curves. The activation en- 
ergy obtained &om the 130°C data is about 9 Kcallmole, which is in good agreement with a lit- 
erature range of 7.1 to 9.5 Kcallmole (2). 

Strength tests of RF-treated lumber 

proximately 30 minutes each, and shipped to Mississippi State University for testing with a con- 
trol set. Testing for compression, tension, and shear, all parallel to the grain, and for static 
bending is underway. These measurements will determine whether product quality is compro- 
mised during RF treatment, 

Twenty four pieces of lumber were irradiated in a low-headspace environment for ap- 

VOC emissions from drying board 

were heated both whole, and broken up in smaller pieces. Matching pieces were then end- 
In order to understand the factors that influence VOC release from drymg lumber, boards 
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Figure 3: Drying profiles 
of larger pieces 

Figure 4: Drying profiles of 
smaller pieces 
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Figure 5: Drying profiles 
of end-coated larger pieces 
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Figure 6: Drying profiles of 
end-coated smaller pieces 
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no. of pieces 

15 
48 

48 (end-coated) 
15 (end-coated) 

coated, in order to determine the importance of edge effects. VOCs were monitored by Method 
2 5 4  until the load reached about 15% MC. Dry and wet bulb temperatures were 245°F and 
18O”F, respectively, The results (all for matched sets of wood) are presented in Figure 3-6. 

dimensions average VOC total VOC average drying rate 

2”x6”k23 ” 477 2.62 5.46 
2”x6”x6” 447 2.80 9.06 
2”x6”x23” 433 2.63 7.73 
2”x6”x6” 5 18 2.84 9.05 

(lbdton) (MC% per hr.) 

The average drying rate was obtained through linear regression, and the composite data 
are provided in Table 1. Comparison of the first two entries in Table 1 shows that although re- 
ducing furnish size does not materially the quantity or rate of VOC release, the moisture is lost 
much faster fiom the smaller pieces. First, this demonstrates a difference in the mechanism of 
release of moisture and VOC fiom lumber at these temperatures. A similar difference was ob- 
served in earlier work with particle (l), where the moisture and VOC profiles were different at 
220OF, but converged at 320°F. That moisture loss occurs faster fiom smaller pieces is to be ex- 
pected, since water preferential flows in the longitudinal direction. However, the constancy of 
the VOC emissions suggests that VOCs are lost fiom all surfaces, and are not transported by 
water under these conditions. The last two entries are consistent with this reasoning. End- 
coating barely affects VOC release, but significantly retards the rate of water loss, at least for the 
15-piece experiment. These measurements will be replicated, 

Seasonal variation of monoterpenes and resin acids in loblolly pines 
Samples were collected monthly from 12 loblolly pines from March to August, 1997. A 

12-inch increment bore with a core diameter of 0.200 inches was used to collect cores at a height 
of approximately 42 inches. Each core was divided into outside, middle and inside sections of 
approximately 4 inches in length. Each sample was then extracted with methylene chloride, and 
the extract analyzed for monoterpenes and resin acids by gas chromatography. Target 
compounds were a- and P-pinene, camphene, limonene, fenchyl alcohol, borneol, 4-allylanisole7 
methyl eugenol, and the following resin acids: pimaric, isopimaric, levopimaric, dehydroabietic, 
abietic, and neoabietic. Samples were not collected in September because the trees in the study 
area were inadvertently harvested. Twelve other trees of approximately the same age and diameter, 
and in the same vicinity were selected, marked as before, and sample collection was resumed in 
October. 

The percent concentration of each compound in the respective part of the core sample (out- 
side, middle, inside) was calculated on a dry weight basis. Average monthly levels of a- and p- 
pinene, and limonene, are shown in Figures 7-9 for the outside, middle and inside core samples, re- 
spectively. Clearly, the concentrations ofthe monoterpenes increase fi-om the outside to the center 
of the tree. The concentrations of resin acids in the outside, middle and inside core samples were 
more variable than those of the monoterpenes, and profiles for abietic and neoabietic acid are illus- 
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trated in Figures 10- 12. Figure 13 shows the total extractives profile. The resin acids in the inside 
core appear to decrease between March to August. As with the terpenes, resin acid concentrations 
increase fiom the outside to the center of the tree. 
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Figure 7: Monthy terpene 
levels for the outside cores 
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Figure 9: Monthy terpene 
levels for the inside cores 
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Figure 8: Monthy terpene 
levels for the middle cores 

O * I 0  1 

0.00 J, 
Mar Apr May Jun Jul Aug 

Figure 10: Monthy resin acid 
levels for the outside cores 
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Figure 11: Monthy resin acid 
levels for the middle cores 
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Figure 12: Monthy resin acid 
levels for the inside cores 
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Figure 13: Monthly resin acid 
levels for total extractives 
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