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Abstract

Emission characteristics of volatile organic compounds (VOCs) were investigated in the flue gas emitted
from wood drying process for plywood manufacturing. The moisture content of raw timber was average 48%,
and its density was 831.55 kg/m’. But the moisture content of dried wood is needed less than around 10%,
thus the moisture contents of flue gas should be remarkably high(about 18.2 V/V%). Therefore, the vapor
in flue gas is equivalent to 320 ton-vapor/day when 1100 ton-wood/day is treated in the wood drying process.
The temperature of flue gas ranges from 140C to 150C in each dryer stack with exception of the input
site of wood(about 110°C). The velocity of flue gas in each stack ranges from 1.7 to 9.7 m/sec. In order
to assess the concentrations and attribution rate of odorous compounds, it was analyzed about 40 VOCs in
the flue gases. It was found that the major odorous compounds were § compounds, and the concentrations
of major VOCs(ppm) were as follows; benzene: 0.054~0.052, toluene: 1.011~2.547, ethylbenzene: 0.472~
2.023, m,p-xylene: 0.504~3.245, styrene: 0.015~0.148, o-xylene : 0.271 ~1.097, ethanol: 11.2~3235, «
-pinene: 0.908~10.578, P-pinene: 0.982~14.278. The attribution rate of terpenes (a-pinene, B-pinene) was
about 60.56%, and that of aromatics and alcohols was about 22.77%, and 16.67%, respectively. It is suggested
that the adequate control device should be used to control both the water soluble and non-soluble compounds
because both compounds were mixed in flue gas.
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Fig. 1. Schematic of wood drying system :
5. Rota-meter; 6. Pump.

1. Drying chamber; 2. Electric furnace; 3. Cooling bath; 4. Absorbing bottle;
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Table 1. Input amount and physical properties of lumber by wood species

Input amount Moisture(%) Density(kg/m")

Type Monthly average Daily Percentage . . . .
(m*/month) average (m’/day) (%) Wet basis | Dry basis | Wet basis | Dry basis

PNG 4453.35 184.02 16.73 41.10 69.78 763.66 598.74

" Hard TER 2246.80 92.84 8.44 " 33.51 50.39 748.21 621.31
wood DIL 763.51 31.55 2.87 51.80 107.47 795.22 575.15
MRT 610.66 25.23 2.29 37.26 59.39 831.54 731.50
Soft | RADIAP 18118.24 748.69 68.08 51.78 107.37 843.34 675.10
wood | POPLAR 418.82 17.31 1.57 67.90 211.51 800.29 377.85
Remark T 2661139 | £ 10964 | X 10000 | Nyean | Mean | Mean ) Mean
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Table 2. Temperature and velocity distribution of flue gas

Point Area Temp. of flue gas|C] Velocity of flue gas[m/s] Flow rate
o (m?) Min Max Mean Min Max Mean (Sm*/hr)
Al 0.54 103.5 128.0 117.1 0.66 2.37 1.58 2149.5
A2 0.54 131.6 148.0 141.5 1.22 4.55 2.35 3008.9
A3 0.54 140.2 157.5 140.3 1.06 4.44 2.20 2764.8
A4 0.54 143.8 161.3 153.8 0.84 4.86 2.10 2611.3
AS 0.54 134.9 162.0 155.6 1.09 4.21 2.05 2538.4
A6 0.54 125.0 164.1 149.5 1.22 3.39 2.22 2788.6
Bl 0.54 77.2 132.0 99.1 2.87 491 3.68 5248.6
B2 0.54 121.6 143.0 130.3 2.14 14.16 591 7777.1
B3 0.54 128.9 148.6 137.3 3.90 7.46 5.40 7159.2
B4 0.54 136.0 156.0 143.0 1.03 6.86 4.55 5804.7
BS 0.54 138.0 159.0 145.2 5.04 12.77 8.72 11066.0
B6 0.54 114.3 152.0 131.6 1.50 3.49 2.32 3043.1
Cl 0.16 83.3 131.6 115.9 4.72 17.03 9.73 3934.2
C2 0.40 105.5 135.1 120.1 2.09 8.10 5.27 5270.3
C3 0.40 125.7 151.8 138.6 1.96 10.02 6.42 6131.8
Cc4 0.40 137.0 154.1 148.5 0.89 11.44 7.26 6771.2
C5 0.40 140.4 163.7 152.2 4.66 8.72 5.46 5048.1
Ccé 0.40 144.5 158.1 153.8 4.93 8.01 6.95 6401.6
Cc7 0.16 150.5 183.0 165.8 2.66 5.55 4.69 1680.7
200 F A g
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Fig. 2. Temperature distribution of flue gas from wood
drying facilities.
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Table 3. The moisture content of flue gas and the vapor generation rate

Point Flow rate Moisture content (V/V, %) Vapor generation | Extemal air flow
(Sm’/hr) Min Max Mean rate (Sm*/hr) rate (Sm’/hr)

Al 2149.5 5.6485 18.4836 11.1220 239.0688 1910.444

A2 3008.9 11.5598 21.6589 14.6397 440.4883 2568.373

A3 2764.8 14.0053 27.3272 19.2131 531.1999 2233.58

A4 2611.3 16.6470 50.2495 26.8176 700.2832 1910.999

AS 2538.4 14,7876 33.0143 22.7650 577.8675 1960.536

A6 2788.6 3.2734 8.6448 6.0299 168.1494 2620.444

B1 5248.6 4.6679 13.2477 10.1252 531.4356 4717.208

B2 77771 99191 17.3962 13.7068 1065.993 6711.116

B3 7159.2 13.5224 19.6979 16.5407 1184.189 5975.054

B4 5804.7 16.2054 39.4150 23.8533 1384.604 4420.059

BS 11066.0 19.9686 11.9863 15.73%9 1741.78 9324.238

B6 3043.1 4.6291 2.6173 3.5736 108.7494 2934.384

Ci 39342 6.7490 17.4321 10.1880 400.8196 ’,3533.413

c2 5270.3 14.2431 33.5120 21.5085 1133.556 - 4136.713

C3 6131.8 10.9604 22.0849 16.5877 1017.117 5114.638

C4 6771.2 19.7963 48.3111 29.9516 2028.076 4743.101

C5 5048.1 17.4158 41.1969 26.6379 1344.697 3703.363

Cé6 6401.6 19.6678 47.3624 26.8419 1718.299 4683.257

C7 1680.7 5.8463 33,5531 15.8688 266.7076 1413.997

Sum 91198 16583.1 74614.9
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Table 4. The results of qualitative analysis
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st sampling 2nd sampling
No. Component Al | A2 | A3 | A4 | A5 | A6 | B6 | C7 | A6 | B6 | C7
1 Acetaldehyde o o o o o o o o e} o o
2 | Ethanol o o o o) o o) o o o o o
3 | Acetone o o o o o o o o o o o
4 | Isopropylalcohol o o o o o o o o - - -
5 | n-Propanol o o o o o e o - - - -
6 | Butan 2-ol - o o o I o o o - - -
7 | MLEK o) o o o o o o - - - -
8 | Acetic acid, ethyl ether o o o - o o o - - - -
9 | Acetic acid o o o o o o o o o o o
10 | Isobuthyl alcohol o o o o o o o - - - -
11 | n-Butanol o o o o o o o - - - -
12 | n-Propionic acid o o o o o o o - - - -
13 | Hexane - o o o o o o - o - -
14 | Propionic acid ethyl ether - o o - o o o . - - -
15 | Propylene glycol - - - - e o o - - - -
16 | n-Butanol, 3 methyl o o I - o o o - - -
17 | 1-Butanol, 2 methyl - o o - 0 o o o o o
18 | Propionic acid 2 methyl - o o - o o o - - -
19 .| Butanoic acid - - o e o o o - - - -
20 | Toluene I I o o o o o o o o o
21 | DMA o) o o o o o o o el o o
22 | Ethyl benzene o o o o o o o o o o] o
23 | m,p-Xylene o o © o o o o o o o o
24 | Styrene I o o o o o o o o o o
25 | o-Xylene e} o o o o o o o o o o
26 | Tricyclene - - - - o o o - o o o
27 | a-Pinene o) o o) o o o o o o o o
28 | Camphene - - - o © o o o o o
29 | B-Myrcene - - - - o o o o o o o
30 | B-Pinene - - - - o o o o o o o
31 | 2-Ethyl hexanol o o o o o o o - - - -
32 | Limonene - o ot o o o o - o o o
33 | Tetradecanoic acid - - o - o o o - - - -
34 | y-Terpinene - . - o o o o o o o o
35 | Carproaldehyde - - - - - - - - o o o
36 | n-Pantanol - - - - - - - o o | o
o, mark means the flue gas contains this component
Table 5. Concentration of odor and VOCs on wood drying facilities [unit: ppm]
Ist sampling 2nd sampling
Compounds Al | A2 A3 A4 A3 Ab A6 B6 &)
Aromatics
Benzene 0.482 0.102 0.112 0.205 0.075 0.502 0.072 0.082 0.054
Toluene 1.042 1.452 1.728 2.024 2.157 2.547 1.214 1.785 1.011
Ethylbenzene 0.482 1.102 1.112 1.505 0.875 2.023 0.472 0.785 0.554
m,p-Xylene 0.504 1.227 1.512 2.545 1.447 3.245 0.754 0.857 0.954
o-Xylene 0.0152 0.0248 | 0.0387 0.0298 0.0427 0.0205 0.271 0.387 0.302
Styrene 0.28 0.578 0.584 0.854 0.475 1.097 0.102 0.148 0.0577
Alcohols
Ethanol 22.4 23.1 24.9 325 25.4 233 0.0248 0.0255 112
Terpenes
a-Pinene 1.875 0.908 1.048 2.057 1.012 5.012 5.960 5.942 10.578
[-Pinene 1.121 0.987 1.458 2.578 0.982 5.987 6.542 6.947 14.278

*Quamity of B-Pinene is calculated by a-Pinene area on the assumption that relative sensitivity of B-Pinene is 1.00 compared
to o-Pinene
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Table 6. Odor attribution of major 8 odor components in flue gas

TLV' Dryer Solﬁbilitz in
Compounds (ppmv) Concentration(ppm) Intensity Attribution water
Range Mean () (%) (g/100 g)
Aromatics )
Benzene 2.7 0.054~0.502 0.246 0.09 0.03 0.0722
Toluene 0.33 1.011~2.547 1.825 5.56 1.90 i
Ethylbenzene 0.17 0.472~2.023 1.183 6.96 2.39 0.01* ¢
m,p-Xylene 0.0495 0.504~3.245 1.747 35.29 12.11 i.
0-Xylene 0.38 0.271~1.097 0.029 0.08 0.03 i
Styrene 0.035 0.015~0.148 0.645 18.43 6.32 v.sls
Alcohols
Ethanol 0.52 11.2~325 25.267 48.59 16.67 ©
Terpenes
o~Pinene 0.018 0.908 ~10.578 1.985 110.28 37.83 v.sls
B-Pinene 0.033 0.982~14.278 2.186 66.24 22.73 i
9~13)

“Presumed TLV(Threshold limit value) from the same family or group

"i., insoluble; v.sls., very slightly soluble
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Fig. 3. Concentration and odor intensity of major 9 odor components in flue gas.
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Table 7. Absorption and cleaning characteristics of flue gas
. Sample weight(g) Moisture Amount of Amount of COD
= - - Wood type , . pH
Before drying | After drying content (%) | evaporation (g) | recovery {(g) (ppm)
151.456 41.756 Poplar 71.91 105.06 55 4.72 207.05
129.762 60.436 Poplar 68.9 69.326 60.91 4.2 292.9
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