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Abstract

Exhaust gas containing wood tar of high concentration is discharged from charcoal production kilns. The large
amount of emissions are often found by operational failure. The purpose of this study is to investigate the
performance of an integrated treatment system in treating charcoal production exhaust. The system, which
combined a tar collection device and a post-combustion unit, was proposed to remove moisture, wood tar,
particulate matter, and other gas-phase pollutants (CO, CH,, total hydrogen carbons) from exhaust gases. Heat

recovery units were also applied in the system to utilize waste heat.

Key words : Wood tar, Charcoal kiln, Charcoal burner, Waste heat recovery
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Fig. 1. General process for charcoal production.
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(a) Charging in the kiln

(c) Exhaust gas from charcoal kiln

(d) Coal production for white charcoal

Fig. 2. Charcoal production in commercial scale kiln.
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Fig. 3. Integrated treatment process for charcoal kiln exhaust gases.
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Table 1. Calorific value and elemental composition for produced white charcoal in pilot-scale plant.

Caloric value

Elementary composition (%)

Items
(keal/kg) C N S O and others
Oak 4,394 45.08 5.34 0.62 0.52 48.44
Charcoal 7,426 91.77 1.08 0.86 0.24 6.05
‘Wood tar 5916 71.28 8.07 1.48 0.49 18.68

Table 2. Calorific value and elemental composition for oak, charcoal and wood tar in commercial scale plant.

Caloric value

Elementary composition (%)

Items
(keal/kg) C N S O and others
Oak 4,345 46.56 5.67 0.59 0.49 46.69
Charcoal 7,415 89.02 1.11 0.69 0.19 8.99
Wood tar 5,939 70.02 7.09 1.54 0.51 20.84

Table 3. Emission factors for particulate matters and moisture in pilot-scale plant.

(Unit: g/kg-oak)

Items TSP PM,, PM, 5 Moisture Remarks
Model charcoal kiln #1 55.0 - - 308.5 ‘White charcoal
Model charcoal kiln #2 55.1 47.5 45.0 491.1 White charcoal
. Model charcoal kiln #3 52.9 - - 476.0 Black charcoal
This study . .
Real charcoal kiln #1 46.8 - - 414.0 White charcoal
Real charcoal kiln #2 40.1 - - 504.3 White charcoal
Average 50.0 47.5 45.0 438.78
Park et al. (2013) Real charcoal kiln 42.4 40.3 38.2 583.8 ‘White charcoal
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Fig. 4. Hourly variation of TSP emission rate from model charcoal kiln.
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Fig. 5. Hourly variation of moisture emission rate from model charcoal kiln.

Fig. 6. Wood tar and pyroligneous liquor.
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Table 4. Gaseous emission factors from commercial charcoal kiln.

(

o2 YeRgth TVOCE 2 21y Afe] ¥
E 280°C ool wihE &=z GFs)7} def
CH,, C,H, 59| el3lpiA ] 2] Zr)sls
= a8 9t} (Lee er al., 2013; Cho, 2005). <=7}t
ebstat A ol A 1~2 o] AshH 280°C o] 4; f-A]=
31, o] 2 <lgk TVOC7} FA43] wiEss ez %
el

23 bl A wiEEE 7 d7] 95 e
FTx F TS e 7 5 o83t A
# (Park et al., 2011; Kim et al., 2010; U.S. EPA, 1977)
gk A & 49 2o sl A mlEE = A
ZA)49) S CO 189.4 g/kg-oak, NO 0.27 g/kg-oak,
S0, 0.21 g/kg-oak &2 et} Park et al. (2013)2]
AAZALE Ed2 AA S WA e} v as] R,

=]
Bl

o A

102
100

95 —\\
AR
80 \
I

65 \

60 \

55

Weight (%)

50 T

45

40

30 100 200 300 400 500 600 700 800

Temperature (°C)

Fig. 7. TGA analysis of wood tar recovered by a filter.

(Unit: g/kg-oak)

Items CcO NO SO, TVOC Remarks

Model charcoal kiln #1 182.3 0.28 0.14 21.8 White charcoal

Model charcoal kiln #2 184.5 0.15 0.17 25.3 White charcoal

This study Model charcoal lfiln #3 192.5 0.20 0.17 43.7 Bla?k charcoal
Real charcoal kiln #1 192.5 0.38 0.25 22.9 White charcoal

Real charcoal kiln #2 194.9 0.32 0.30 55.2 White charcoal

Average 189.3 0.27 0.21 33.9
Park et al. (2013) Real charcoal kiln 182.5 1.02 0.22 104.4 White charcoal
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Fig. 8. Hourly variation of CO emission rate from model charcoal kiln.
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Fig. 9. Hourly variation of NO emission rate from model charcoal kiln.
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Fig. 10. Hourly variation of SO, emission rate from model charcoal kiln.
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Fig. 11. Hourly variation of TVOC emission rate from model charcoal kiln.

Table 5. Removal efficiency of particulate matters by a single treatment process.

Recovery device of

rolieneous liduor Afterburner Heat recovery
Carbonization Pyrong d
time, hr Inlet Outlet Efficiency Inlet Outlet Efficiency Inlet Outlet Efficiency
conc. conc. %) conc. conc. %) conc. conc. (%)
(mg/m?) (mg/m?) (mg/m®)  (mg/m?) (mg/m®)  (mg/m®)
2 267.4 69.7 74.0 267.4 35.8 86.6 267.4 24.2 91.0
8 1,471.3 683.3 53.6 1,471.3 27.8 98.1 1,471.3 4.9 99.7
15 1,827.9 873.2 52.2 1,827.9 333 98.2 1,827.9 6.5 99.6
56 25,307.7 8,157.8 67.8 25,307.7 39.7 99.8 25,307.7 7.9 99.9
80 25,580.1 8,640.5 66.2 25,580.1 37.2 99.9 25,580.1 6.1 99.9
104 1,338.6 441.8 67.0 1,338.6 26.0 98.1 1,338.6 6.4 99.5
125 585.2 111.0 81.0 585.2 30.99 94.7 585.2 7.9 98.6
Average 8,054.0 2,711.0 66.0 8,054.0 32.97 96.5 8,054.0 9.13 98.5
Table 6. Partial collection efficiency of particulate matters by a unit process in a integrated system.
Recoyery dev1.c e of Afterburner Heat recovery
pyroligneous liquor
Inlet Outlet Efficiency Inlet Outlet Efficiency Inlet Outlet Efficiency
conc. conc. %) conc. conc. (%) conc. conc. (%)
(mg/m3) (mg/mg) (mg/m3) (mg/m3) (mg/m3) (mg/m3)
8,054.0 2,711.0 66.0 2,711.0 32.97 98.8 32.97 9.13 72.3

A3 Z7Vslae7t Faste] bR Es) 27} Table 7. TVOC and CH, removal efficiencies of a treatment

o) ZHAasl= Aoz el system.
Carbonization time, hr TVOC CH,
3.3 x| J“J‘:I g 4o} 2 75.0% 85.0%
8 71.0% 99.3%

2= A l AEH (B =0l

SE7pA A A At 2] A (F2 15 85.0% 99.7%
2 oA F AR -FALAX]-BAFEY F G35 32 80.0% 99.6%
ARl A A kel FA e WA A7 &S E 5 36 66.7% 99.5%
i} 80 69.2% 99.6%
o AA=ET. Agte 2] AlxEle] w2k w 104 98.1% 99.7%
A (TSP) A& E&2 77 E2NA3|pAR] HHF 125 91.9% 99.3%
66.0%, ZALAR] 96.5%, BHAAEE3 o352 Average 79.6% 97.7%

= 7|83835)2] A 30d A4E
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Items Picture of collected filter SEM photograph

Upstream of a heat
recovery system #1
(sampling site #1)

Downstream of a heat
recovery system #1
(sampling site #2)

Downstream of
an afterburner
(sampling site #3)

KITECH

Downstream of a heat
recovery system #2
(sampling site #4)

Fig. 12. Scanning electron microscope of collected filters from the test kiln.
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(b) Downstream of waste heat recovery #2

Fig. 13. TGA analysis of pyroligneous liquid (a) and particulate matters (b) collected on the filter.
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%, 0 % 7]E} 46.69% = el ow, Fgo] A2
89.02%, H 1.11%, N 0.69%, S 0.19%, O 2 7]€} 8.99
%= vFebste.

2. $7keh =y ARl oJ% TSPe] wiEASE
50.0 g-PM/kg-oak, PM,, 2] vl &4 4= 47.5 g¢-PM/kg-
oak, PM, 52| Wl &A| 4= 45.0 g-PM/kg-oak 0.2 Z}7}
AE A £7ht ek o) SRR EAS
= oF 438.8 g¢-H,0/kg-oak & AR =F|Qle}. o] ek
%iﬂi F7letell A v & wlE7ks F2) A4
o] fdqlezA pH3 A= AL e Aoz et
Wt £7Htel A vl s e wjEA S CO 1894 ¢/
kg-oak, NO 0.27 g/kg-oak, SO, 0.21 g/kg-oak, TVOC
(NM-THC) 104.4 g/kg-oak 2 1}epytc.
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