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Research paper

Study of Charcoal Making with Michelia compressa
Thinned Wood from Afforestation on the Plains

Gwo-Shyong Hwang,"”  Chin-Mei Lee,” Chen-Lung Ho,”
Chiu-Hsien Wang,”  Han-Ming Yu"

[ Summary ]

In this study, trees of Michelia compressa thinned from an area of a Plain Afforestation Pro-
gram in Pingtung were cut into segments 1 m in length for charcoal making. The specific gravity
and moisture content were measured. The carbonization and chimney temperatures were separately
measured with K-type thermocouples during wood charcoal production and wood vinegar col-
lection in an earthen kiln. After discharging the charcoal, yields were calculated by weighing. In
order to investigate the properties of the wood charcoal affected by differences in the carboniza-
tion temperature in the earthen kiln, the refined degree, pH value, carbon content, and true density
tests were performed for specimens sampled at different carbonization temperatures. Quantities of
the collected wood vinegar were periodically measured. The specific gravity, pH value, acidity, tar
content, and component analysis of the wood vinegar were determined for samples collected at dif-
ferent chimney temperatures.

The volume specific gravity and moisture content of M. compressa were 0.49 and 46.3%,
respectively. From the measured carbonization temperature at each measuring point in the kiln, a
curve of different temperatures was obtained. Carbonization temperatures in the upper part of the
kiln rose faster and earlier than did those in the lower part. The highest temperature in the upper
part of the kiln exceeded 740°C at the end of carbonization, whereas the temperature in the lower
part was only 570°C. The yield of wood charcoal was 27.10%. Carbon retention was 47.84%. The
refined degree of the wood charcoal ranged 1.9~6.2, and decreased significantly with an increas-
ing carbonization temperature. The pH value of wood charcoal was 8.57~9.42 and increased a
little with an increase of carbonization temperature. The true density of wood charcoal increased
with an increase in the carbonization temperature. The yield of wood vinegar was 10.49% in the
charcoaling process. The quantity of wood vinegar collected at chimney temperatures of < 100°C
made up 85.03% of the total, while the amount notably decreased at temperatures of > 101°C. The
specific gravity and pH value of the wood vinegar increased with an increasing chimney tempera-
ture. The acidity and tar content of the wood vinegar were not appreciably affected by the chimney
temperature. Concentrations of acids, phenols, alcohols, and neutral compounds ranged 51.2~59.2,
19.8~22.6, 15.7~20.6, 5.3~6.4%, respectively, for wood vinegar collected at different chimney
temperatures.

Key words: Michelia compressa, thinned wood, carbonization, wood charcoal, wood vinegar.
Hwang GS, Lee CM, Ho CL, Wang CH, Yu HM. 2017. Study of charcoal making with Michelia
compressa thinned wood from afforestation on the plains. Taiwan J For Sci 32(1):43-55.
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Fig. 1. Dimensions of the earthen kiln and measurement points of carbonization Temperature

(nos. 1~12).
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Table 1. Specific gravity and moisture content of material for charcoal making

Scientific name of material

Specific gravity"

Moisture content (%)

Michelia compressa

0.49£0.04

46.3£7.6

YWV,

Table 2. Diameter distribution of materials for charcoal making

Diameter (cm) 5 6 7
Percentage (%) 10 13 12

9 10 12 14 16
8 19 17 8 2
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Fig. 2. Temperature curves of the carbonization process (measurement points nos. 1~6 and 12).
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Table 3. Percentage of wood fuel use and yield of charcoal for charcoal making with thinned

wood of Michelia compressa

Weight Weight Moisture Weight Percentage of Yield

of wood of wood fuel content of charcoal wood fuel use" of charcoal”
a (kg) b (kg) ¢ (%) d (kg) e (%) £(%)
2732 336 46.3 506 12.30 27.10

Ve = (b/a) X 100; ? f=[d/(a/(1+c) ] X 100.
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Fig. 3. Temperature curves of the carbonization process (measurement points nos. 7~11).
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Table 4. Properties of wood charcoal at different carbonization temperatures

Carbonization Degree of pH value True density Carbon content
temperature (°C) refining (g em™) (%)
707 1.9+0.3 9.34+0.06 1.829+0.01 80.88+0.40
690 23%0.2 9.42+0.05 1.727+0.02 81.46+0.28
651 3.5+0.3 9.36+0.04 1.698 +0.01 80.61%£0.26
617 52%£03 8.83£0.03 1.598+0.02 80.08 £0.11
578 6.2%0.4 8.57£0.05 1.549+0.05 79.35+0.12
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Table 5. Carbon retention of wood charcoal for charcoal making with thinned wood of
Michelia compressa

Weight  Carbon content ~ Weight of carbon  Carbon content =~ Weight of carbon Carbon

of wood of wood in wood" of charcoal in charcoal® retention”
a(kg) g (%) h (kg) 1(%) j (kg) k (%)
2732 45.58 851.1 80.48 407.2 47.84

Yh=(a/(1+c))Xg; ?j=dXi; Y k=(j/h) X 100; for c and d refer to Table 3.

Table 6. Collection of wood vinegar at different temperatures at the chimney exit

Temperature of Time of Quantity of Percentage Collection
chimney exit (°C) collection (h) collection (kg) of yield (%) speed (kg h™)
=80 51.0 188.8 65.87 3.70
81~90 9.0 30.6 10.68 3.40
91~100 9.0 243 8.48 2.70
101~120 6.0 18.6 6.50 3.10
121~145 6.0 24.3 8.47 4.05

Table 7. Basic properties of the wood vinegar collected at different temperatures at the
chimney exit

T.emperatu.re . Specific gravity pH value Acidity Tar content

of chimney exit ('C) (%) (%)
80~82 1.005£0.000 2411£0.01 5.224+0.05 0.27£0.01
90~92 1.005+0.000 2.52+0.01 5.56£0.06 0.39+0.02
100~105 1.006+0.000 2.871+0.00 4.66+0.06 0.20%+0.01
120~125 1.007+0.000 2.85+0.00 5.04£0.05 0.11£0.01

140~145 1.008£0.000 3.08+0.01 4.90£0.05 0.31£0.01
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Fig. 4. Changes in the collection speed of wood vinegar and the rise of the chimney temperature.
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Eks7.1~13.3% » HR B Wi (acetol) 2 &
B 2.4~-4.1% K 1-FRE-2-THE(1-hydroxy-2-
butanone)Z & & %0.7~1.9% ; FHEYEF T AN
fig(butyrolactone)Z & & F52.6~4.3% » HR Bk
TR B8 2 & & By (furfural) 0.9~2.1% -
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Table 8. Main composition of the wood vinegar collected at different temperatures at the
chimney exit
Temperature _ CorTlposmon (%)
. . o Acidic Phenolic Alcohol Neutral
of chimney exit (C)
compounds compounds compounds compounds
80~82 51.1 22.6 20.6 5.7
90~92 54.4 20.9 18.3 6.4
100~105 56.7 20.9 17.0 54
120~125 55.2 21.9 16.9 6.0
140~145 59.2 19.8 15.7 5.3
IR S S NN - RS 22 P9 iR AL IR i 72 SR summary].

B SRR T00°C LR TR A R
550°C - HIAMTE 2 B RG RIGAA R Z pHIE
Bl T B 52 AR 2 S N B - R R
Wi B AL B2 2 39 i T P B A - O SR AR A
I B 2 S R T K > R TR R R B Al E R
LR B RS TR AR - SO AT 72 & BB A SR 1S
RIS IR AR 2 2 B e AN -
FH AR BIF 2 8 SR 5 R DU 0 B AR B
R TR R E47.84% - BREHE 3R (&
12.30% » BE/R - 22 BRI e < Bl A HA
BEAIBE ~ RARSRESEMF LA oR - Rtk 122
RUR B R B LIRS AR I
T 2 EEFR o 4 1R AT DL sthd mAopn T B AE
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