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Accomplishments 
0 Over 50% VOC i s  removed when OS6 or particle is steamed at 170°C for 30 minutes. 

Much lower removal oi7curs at temperatures approximating 120°C. 
0 RF treatment of (2 in. x 4 in. x 48 in.) softwood lumber for 20 minutes results in a maxi- 

mum of 68% VOC removal. The process has commercial potential. 
0 Transport of moisture in wood is greatest in the transverse surface, followed by the tan- 

gential and radial faces. 
0 Work on the seasonal influence of VOC components in wood has been initiated. 

Apparatus for VOC extraction in a low head space environment 
VOC extraction from particle and OS6 with steam was conducted with the apparatus 

illustrated in Figure 1 , constructed especially for this application. The unit is a 60 cm long by 
1 0 cm diameter stainless steel pressure vessel. Different steam temperatures and treatment 
times were tested for both OS6 and particle. Each experiment was conducted by loading 
200 g. of flakes or 400 g. of particte into the vessel, which was then sealed. Thermocouples 
were positioned, and heating tapes activated in order to heat the exterior of the vessel to 
minimize steam condensation. Ambient pressure steam was injected into the vessel for 3 
minutes, and the vessel was sealed by closing the needle valve. The temperature was 
brought up to the desired set point which was controlled by adjusting the current to the 
heating tapes. After steam treatment, the vapor inside the vessel was released into 100 mL of 
methanol for VOC analysis by gc, and the vessel flushed with fresh steam for 30 seconds. 

Steam-induced extraction of VOC from OSB 

and the VOCs measured. Two to four runs were made from each batch of steamed flakes. 
Results from flakes steamed at high temperature ( > I  70°C) are presented in Table I .  The 
difference between the control (no steam) and sample runs reflects the VOC removed by 
steam. Over 50% VOC was removed after 30 minutes of steaming. Data are presented for 
both 30 and 60 minute treatments. The wood is dry at 30 minutes or less, and the 60- 
minute reflects an over-dried situation. The last column is the pinene recovered in the 

The OS6 steamed in the Figure 1 apparatus was heated in the tube furnace at 130°C 



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, make any warranty, express or implied, or assumes any legal liabili- 
ty or rrsporsibility 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 specffic commemkd producf, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, reclommendaton, 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. 



Portions of this document may be iUegible 
in electronic image produ- fmnce~ are 
produced from the best available original 
dOc.ument. 



1 Needle Valve T r m o c y l e s  BoltedFlange . 

I 

I I -  

- 
Extraction Vessel 1 Extraction Vessel 
Frame 

b 

I 

Extraction Vessel 1 
Frame 

Extraction Vessel l.t 
Figure 1 : Schematic of a VOC extraction unit. 

methanol trap (as measured by gc) as a percentage of total VOC (pinene and other compo- 
nents) lost from the wood. Despite the high variability, it is clear that a substantial fraction of 
the VOCs released can be recovered. One anomaly was noted: no VOC was lost from sam- 
ples 151 -5 through 151 -8 in Table 1, and we are unable to explain this outcome. About 10- 
25% by weight of moisture was gained by the wood, but this is probably an artifact in that the 
moisture was deposited on the wood surface, as opposed to being absorbed by the furnish. 
The pressure within the cylinder was determined from steam tables using the temperature 
measured within the cylinder. Steaming at low temperature (I 16°C) removes much less 
VOC, if any, as shown in Table 2.  Clearly, the steam must be at high temperature in order 
to effect VOC removal. We are presently working on a simple VOC collection system, after 
which we will explore commercial feasibility. 

VOC profiles from steamed and control furnishes are compared in Figures 2 and 3. 
Signal intensities are much weaker for the latter, since VOC was removed during steaming. 
The delay in the second signal could well be an artifact, since the furnish picked up water 
during steaming, and the delay may reflect evaporation of th is  material. 
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Figure 2: VOCs from run 140-1 (control) Figure 3: VOCs from run 140-3 (steamed 
at 171 "C) 
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152-4 30 172 144 87 
avg. 223 121 
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Table 2: VOC emissions from OSB’ at 130°C after low temperature steaming 
run steam steam pressure VOC (pg/g, dry VOC (p&, dry 

time (min) temp (“C) (psi) basis), 60 min basis), 30 min 
OSB from G-P Dudley (1.14.97) 
142-1 0 (control) 1078 490 
142-2 0 (control) 1046 444 
142-3 o (control) I I I 744 I 2 72 I 
142-4 
142-5 
142-6 
avg. 

143-1 
143-2 
143-3 
143-4 
143-5 

o (control) I I I 731 I 2 75 I 
o (control) I I I 875 I 303 1 

- 

0 (control) 881 288 
893 345 

30 116 25 701 341 
30 606 261 
30 63 9 328 
30 597 2 85 
30 780 2 73 

665 298 avg. 
OSB from G-P Grenada (8.5.96) I 
149-1 
149-2 
149-3 
149-4 
avg. 

149-5 
149-6 
149-7 
149-8 
avg. 

control I NA I I 1033 I 251 I 
control NA I010 124 
control NA 263 45 
control NA 51 1 116 

704 134 
30 116 25 740 41 4 
30 I 116 1 I 6 74 151 I 
30 I 116 I I 867 I 172 I 
30 I 116 I I 5 90 I 215 I 

71 8 238 I 

Steam-induced extraction of VOC from particle 
Particle was first steamed, and then dried in the tube furnace at 1 3OoC for 60 min- 

utes, as above. Over 50% of the VOC was removed during steaming at high temperature as 
shown in Table 3. Decreasing steam treatment from 30 to 15 minutes decreased VOC re- 
moval by about 10%. On the other hand, increasing steaming time from 30 to 60 minutes 
did not increase the VOCs extracted to any substantial extent, but the furnish turned noticea- 
bly darker. As with OSB, much less VOC was lost during steaming at lower temperature as 
shown in Table 4. Typical VOC profiles are illustrated in Figures 4-6. Note that the intensity 
of the signals drops with increasing steaming temperature. 
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Figure 4: VOCs from run 153-3(control) 
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Figure 5: VOCs from run 153-5 (steamed 
at 179°C) 
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Figure 6: VOCs from run 160-3 
(steamed at 11 9°C) 

The effect of re-steaming once-steamed wood was determined by first steaming at 
179°C for 30 minutes, allowing the sample to cool, and then steaming it again for another 30 
minutes at 173°C. This wood was now dried in the tube furnace, and the VOCs measured 
are listed in Table 5. Although considerable additional VOC was lost, the wood particles 
darkened after the second steam treatment 
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Table 4: VOC emis 
steam 

temp (“C) 
steam 

run I time (min) 
pressure VOC (pg/g, dry VOC (&g, dry VOC recov- 

(psi) basis), 60 min basis), 30 min ered (%) 
particle from Weve 

119 
119 
119 

122 
122 
122 

‘ I  

1850 847 
201 0 824 
201 0 82 1 
1920 82 7 

1690 762 
. I  860 848 

30 1970 878 12 

160-3 I 30 

1807 

160-4 I 30 

81 0 

160-5 
160-6 

161-1 
161 -2 

run steam steam 
time (min) temp (“C) 

161-3 I 30 

pressure VOC (pg/g, dry VOC (pg/g, dry VOC re- 
(psi) basis), 60 min basis), 30 min covered (%) 

161-4 I 30 

control (Table 3) avg. 
156-1 30 173 
1 56-2 30 173 
156-3 30 173 
1 56-4 30 173 
ave. 

avg. 

2490 1250 
125 351 2 92 14 

350 3 06 
350 291 
3 95 300 
362 297 

119 I 28 I 1820 I 81 5 I 18 

122 I I 1704 I 752 I 

VOC sfeam extraction of wood particles at atmospheric pressure 

duced under atmospheric pressure, and the sealed unit was then heated. In order to sepa- 
rate the effects of temperature and pressure, a needle valve was attached to the vessel as 
shown in Figure 7. Particle was then steamed at about 167°C for 10 minutes under sealed 
conditions (with the valve closed), and then for 20 minutes with the needle valve slightly 
open. Vapor released during steaming was led to a methanol trap. The steamed wood was 
then heated in the tube furnace and the VOCs measured. The trap methanol was analyzed 
for pinene. The results of these experiments are designated in Table 6 as the series 177 
measurements. 

The previous experiments were conducted under pressure since the steam was intro- 
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Figure 7: Modified VOC extraction vessel. 

Table 6: VOC emissions from particle at 130°C at atmospheric pressure 
run steam steam VOC (p& dry VOC (&g, dry VOC recov- 

time (min) temp (“C) basis), 60 min basis), 30 min ered (%) 
particle from Weyerhaeuser, Adel ( 1  1.18.96) 
control (Table 3) avg. 2490 1250 
177-1’ I 30 167 903 346 25 
177-2’ 30 167 899 351 
177-3’ 30 167 875 348 
177-4’ I 30 I 167 I 907 I 346 I 
avg. 896 348 

178-1 30 168 1220 45 7 40 
178-2 30 168 93 7 41 1 
178-3 30 168 1180 471 
178-4 30 168 92 3 366 
avg. 1070 426 

’sealed for the first 10 minutes 

Substantia! VOC removal occurred during steaming. A possible mechanism for the 
low VOC recovery is condensation in the uninsulated, unheated viton tube stretching from 
the needle valve to the methanol trap. Runs were also made where the needle valve was 
opened partially immediately after steam-charging was complete, i.e. the material was 
steamed continuously at atmospheric pressure. The results, designated as the 178 series in 
Table 6 show VOC removal of about 60%. These results demonstrate that high temperature, 
and not high pressure, is key to VOC extraction. 
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RF treatment of lumber 
In our previous report we showed that brief RF treatment of lumber in a low- 

headspace environment removed a large proportion of the VOC and very little water. How- 
ever, Mississippi State University's kiln is too small to accommodate commercial 2 in x 4 in x 
48 in sizes, and samples are split in half prior to drying. The question then arises as to 
whether VOC extraction with RF would also work with these larger samples. To simulate 
larger samples, freshly cut commercial 2 in x 4 in x 23 in pieces of lumber were dipped in 
melted paraffin to seal the end grain, and each piece was then wrapped in polyethylene film 
for RF treatment. One cut section was set aside as a control, and the other irradiated in a 
Strayfield unit at Georgia Power's Technology Application Center, at a power level of 0.8 
amps for 6, I O ,  and 20 minutes. The irradiated samples were then dried at Mississippi State, 
and the emissions are provided in Table 7. The control (un-irradiated) samples were dried as 
a group, since no major differences were expected among them. The Table 7 results confirm 
our previous findings in that RF removes VOCs even from these partially sealed samples. 
Hence, low-headspace RF should be able to extract VOCs from commercial sizes of lumber. 
We are presently working on a simple collection system, and we expect the method to have 
commercial potential. We anticipate filing for a patent. 

Table 7: VOC emission over 17 hours 
run initial MC1 final MC' RF treatment VOC (Ibs 

time (min) per dry ton) 
01 1397-A- 108 6 0 3.08 
01 1397-D 
01 1397-AA 105 0 6 2.1 1 
01 1397-BB 88.9 0 10 2.1 9 
01 1397-cc 60.9 0 20 0.97 

IMC: dry basis moisture content (percent) 

Diffusion of water in wood 
The relative drying rates of the transverse, tangential, and radial faces of wood were 

determined since work in our parallel EPRl project indicates that VOC release is related to 
the loss of water in wood. The tangential plane faces the outer portion of the wood (Figure 
8). The radial face creates a plane reaching from the outer portion of the tree towards the 
inner core. The transverse, or cross section, is the face exhibiting growth rings. The sample 
cubes for the water diffusion in wood experiments were cut so all three faces were present in 
equal dimensions of 20 mm per side with faces appearing on the opposite sides of the cube. 
Five cubes and two moisture sections were taken from each of 3 boards, yielding a total of 
15 sample cubes. An epoxy coating material was then applied to the cubes in the five 
groups to limit the transport of water through the epoxied face as shown in Table 8. 

9 



I -  

Figure: 8: Cross-section of tree naming the three planes; (1) tangential, (2) radial, and 
(3) transverse (cross section) 

Treatment 1 was the control for the coating which indicated the resistance to water 
loss provided by the coating. The coating was applied to two faces of each cube for treat- 
ments 2-4; hence, water could only be lost through the open face. Finally, treatment 5 was 
left open. The coated cubes were reweighed and recorded as the adjusted green weight. 
The cubes were placed in a 120°C oven and weighed every 20 minutes until each cube 
reached its calculated weight at the fiber saturation point, or approximately 30% moisture 
content. Moisture contents were calculated for each interval, and linear regressions per- 
formed to determine drying rates for each treatment group. The results indicate that epoxy 
reduces the flow by a factor of 3.24; therefore the surfaces coated with epoxy emit vapor at 
31 % of normal flow. 

Clearly, the high-temperature drying rates are different for the three primary wood 
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faces, with the transverse surface experiencing the greatest change in moisture content. At . 
the start of a kiln cycle, there is  a large drop in wood MC as the water near the ends moves 
out via capillary action. This phenomenon was demonstrated with the epoxy and cubes; the 
cubes with the transverse surface exposed dried quickly. At the start of a kiln cycle there is 
also a peak in the amount of VOC emissions observed from the wood. 

Seasonal variation of monoterpenes and resin acids in Southern Yellow Pine 
Samples were collected from twelve marked southern yellow pines (SYP) located in 

Moorehead Bottom on the MSU forest during February 1997. The circumference of the 
trees ranged between 44 and 57 inches, and increment cores were collected at a height of 
approximately 42 inches. A 12 inch increment borer with a core diameter of 0.200 inches 
was used for sample collection. The cores were divided into three four inch sections, with 
the first four inches being the inside sample, the second four inches being the middle sample 
and the last four inches being the outside sample. 

Samples were prepared by adding 5 ml of methylene chloride to weighed cores and 
sonicating overnight. Diphenyl methane (internal standard) was added to each sample, 
which was analyzed for monoterpenes, 4-allylanisole, and resin acids on a Varian 3600 gas 
chromatograph equipped with a J&W DB-5 30 meter capillary column and a flame ioniza- 
tion detector. Table 9 contains preliminary results on a dry basis. Monthly sample collection 
will continue. The extraction procedure will be modified to prevent monoterpene loss dur- 
ing extraction. 
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