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Effects of Carbonization Temperatures in an Earthen Kiln

on the Properties of Bamboo Charcoal

Gwo-Shyong Hwang'”
[ Summary ]

Moso bamboo (Phyllostachys pubescens), Makino bamboo (Phyllostachys makinoi), and Ma
bamboo (Dendrocalamus latiflorus) were used for charcoal making in an earthen kiln. Bamboo
specimens were cut to 4~6 cm in width and 20 cm in length and then put in a with stainless steel
cylinder. Five cylinders were piled up to 1 m in height. The carbonization temperature in each
cylinder was respectively measured using a K-type thermocouple. In order to investigate the prop-
erties of bamboo charcoal affected by differences in the carbonization temperature in the earthen
kiln, the pH value, true density, electrical resistivity, and specific surface area were determined for
specimens sampled from different cylinders. From the results of the processes of carbonization
temperatures of each cylinder in the earthen kiln, curves of different temperatures were obtained.
The highest carbonization temperatures in different cylinders at the end of carbonizing were 774,
745, 695, 609, and 537°C, respectively, from top to bottom. pH values of bamboo charcoal were at
the range of 8.96~10.26 and were not obviously affected by the species or carbonization tempera-
ture. The true density of bamboo charcoal increased with an increase in the carbonization tempera-
ture. The electrical resistivity of the 3 kinds of bamboo charcoal significantly decreased with an
increase in the carbonization temperature. For all 3 kinds of bamboo charcoal, the specific surface
area increased with an increase in the carbonization temperature.
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INTRODUCTION

Bamboo charcoal has a wide variety of
applications, such as humidity control (Fuji-
hara et al. 2003), deoderization (Hung et al.
2004), maintaining freshness (Hosokawa et
al. 1991), water purification (Zhou and Lu
2010, Hiroya and Emi 2012), soil improve-
ment (Lin et al. 2011, Ho et al. 2013), etc.
Bamboo charcoal offers a good environment
for life, such as environmental improvement
materials, also raw materials to industries for
developing new products.

In order to solve downcast problems of
bamboo processing industries, investigating
the products of bamboo charcoal by local
industries and the manufacture of high-quality
charcoal using local bamboo species are very
essential.

The Taiwan Forestry Research Institute
(TFRI) began developing bamboo charcoal
making in 2002 to use domestic bamboo
effectively. The earthen kiln-building technol-
ogy and charcoal-making technology reached
maturity after half a year. The TFRI built 16
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seat charcoal kilns in Taiwan to 2008 and
taught charcoal-making technology to farmer
groups to promote the domestic bamboo char-
coal industry. Recently, we published some
research papers in Taiwan (Lin et al. 2004,
Hwang et al. 2004, Hwang et al. 2006).

MATERIALS AND METHODS

Materials

In this study, Moso bamboo, Makino
bamboo, and Ma bamboo were from Nantou,
Miaoli, and Chiayi, respectively. These bam-
boo were cut to 4~6 cm in width and 20 cm
in length after being heat-treated with smoke
and air-drying for about 2 mouths. They were
then used to make charcoal with different
temperatures in an earthen kiln. In order to
reduce the effect of the bamboo height on
the properties of bamboo charcoal, 3 kinds
of bamboo with heights of 1~3 m were used
for charcoal sample making. The moisture
content, specific gravity, and thickness of the



Taiwan J For Sci 31(4): 285-91, 2016

culm wall were measured in 10 specimens for
each kind of bamboo.

Bamboo charcoal making

The kiln was 2.8 m wide, 2.8 m long, and
1.4 m high with an arch-type ceiling is shown
in Fig. 1. Three kinds of bamboo specimens
were put into a stainless steel cylinder that
was 20 cm in diameter and 20 cm in height
with numerous 5 mm holes (Fig. 2). Five cyl-
inders piled up to 1 m in height were installed
30 cm away from the side of the chimney flue
in the rear part of the kiln. The carbonization
temperature in each cylinder was respectively
measured using a K-type thermocouple.

Bamboo charcoal test
In order to investigate the properties of
bamboo charcoal affected by the carbonization
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temperature distribution in the earthen kiln,
the pH value, true density, electrical resistiv-
ity, and specific surface area were determi-
nated for specimens sampled from different
cylinders. The pH value was measured after
boiling for 5 min by adding 100 mL water
to a bamboo charcoal sample. The true den-
sity of the bamboo charcoal was measured
by Quantachrome ultrapycnometer 1000
(QUANTACHROME INSTRUMENTS)
after drying at 105°C using a powder mesh
size of 36~60. The specific surface area of
the bamboo charcoal was measured by PMI
Automated BET Sorptometer BET-202A (Po-
rous Material Inc.) using the same samples
as for true density. The electrical resistance
of the bamboo charcoal was measured by
AVO DLRO-10 and AVO BMM-2580 (AVO
INTERNATIONAL LTD.) from both ends of
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Fig. 1. Dimensions of the earthen kiln and measurement points (nos.1~6) of the carbonization

temperature.
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Fig. 2. Three kinds of bamboo specimens in stainless steel cylinders for charcoal making.

a specimen. The electrical resistivity, p, was
calculated as:

p=(RXA)/L;

where R is the electrical resistance of the
specimen (), A is the cross-section area of
the specimen (cm®), and L is the length of the
specimen (cm).

RESULTS AND DISCUSSION

Properties of bamboo

The properties of the test material are
shown in Table 1. The specific gravities of
Makino bamboo, Moso bamboo, and Ma
bamboo were 0.91, 0.87, and 0.78, respec-
tively. However, the thicknesses of the culm
wall were respectively 6.86, 10.01, and 11.38
mm in the reverse order of specific gravity.

Carbonization temperature
Figure 3 shows the carbonization tem-
perature curves for each cylinder in the earthen

Table 1. Properties of bamboo specimens

kiln. In order to increase the bamboo charcoal
yield, the kiln and bamboo must be preheated
to shorten the ignition time of the bamboo as
much as possible. The initial temperature in
Fig. 3 was after preheating for 4d. The earthen
kiln used in this study can achieve the com-
plete spontaneous carbonization of woody
materials. In order to enhance the quality of
bamboo charcoal, a large amount of air was
injected into the kiln when the secondary car-
bonization was carried out after the end of the
primary carbonization. Because external heat
cannot be applied to an earthen kiln during
bamboo charcoal making, the temperature in
the kiln tends to become uneven. The high-
est temperatures in the cylinders at the end of
carbonization were 774, 745, 695, 609, and
537°C, respectively, from top to bottom.

Properties of bamboo charcoal
pH values of bamboo charcoals shown in
Table 2 were in the range of 8.96~10.26 and

Species Moisture content (%) Specific gravity Thickness of the culm wall (mm)
Moso bamboo 9.43+0.18 0.87+0.03 10.01£0.72
Makino bamboo 10.77+0.35 0.91+0.04 6.860.86
Ma bamboo 10.93£0.38 0.78£0.04 11.38+1.71
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were not obviously affected by the bamboo
species or carbonization temperatures. The pH
value of wood charcoal from acidic to alkaline
with a rising carbonization temperature, but
the bamboo charcoal maintains its alkalinity
regardless of the carbonization temperature
(Fujihara et al. 2003). The true density of bam-
boo charcoal shown in Table 3 increased with
an increase in the carbonization temperature.
At the same carbonization temperature, the
true density of Ma bamboo charcoal was the
highest, followed by Makino bamboo char-
coal , and Moso bamboo charcoal. Lan et al.
(2008) studied the properties of Moso bamboo
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charcoal and indicated that the true density of
bamboo charcoal increased with an increasing
charcoalization temperature. The increases in
density of charcoal are attributed to coalesc-
ing of cell walls or shrinkage of intercellular
interstices (Elder et al. 1979). The electrical
resistivity of the 3 kinds of bamboo charcoal
shown in Table 4 significantly decreased with
an increase in the carbonization temperature,
but the electrical resistivity of Makino bam-
boo charcoal was lower than those of Moso
bamboo charcoal and Ma bamboo charcoal at
the same carbonization temperature. This is
considered to be due to the thin culm walls of
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Fig. 3. Temperature curves of the carbonization processes (measurement points 1~6 are shown

in Fig. 1).

Table 2. pH values of bamboo charcoal at different carbonization temperatures

pH value

Carbonization temperature ("C)

Moso bamboo Makino bamboo Ma bamboo
774 9.88+0.04 9.9440.08 10.26%0.10
745 9.12+0.09 9.46+0.11 9.96+0.12
695 8.960.02 9.18%+0.03 9.46%+0.03
609 9.37£0.11 9.10£0.02 9.66+0.04
537 9.54+0.06 9.61£0.06 9.66+0.11
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Table 3. The true density of bamboo charcoal at different carbonization temperatures

True density (g cm™)

Carbonization temperature ("C)

Moso bamboo Makino bamboo Ma bamboo
774 1.95 1.96 2.04
745 1.87 1.90 1.91
695 1.76 1.77 1.79
609 1.58 1.61 1.62
537 1.51 1.52 1.52

Table 4. Electrical resistivity of bamboo charcoal at different carbonization temperatures

Electrical resistivity (- cm)

Carbonization temperature ("C)

Moso bamboo Makino bamboo Ma bamboo
774 1.204+0.39 0.84+0.25 1.64+0.46
745 1.26+0.04 1.06+0.15 2.154+0.37
695 31.76 +0.67 19.71+10.59 37.09+11.06
609 8.96+2.81x10* 0.83+0.37x10* 1.11+0.87x 10
537 1.37+0.55%X 10° 0.89+0.35%10° 1.03+0.51 % 10°

Table S. The true density of bamboo charcoal at different carbonization temperatures

Specific surface area (m” g™)

Carbonization temperature ("C)

Moso bamboo Makino bamboo Ma bamboo
774 369.71 358.01 408.83
745 294.45 273.42 304.66
695 215.27 226.91 197.42
609 183.36 92.91 144.37
537 67.13 23.85 42.94
Makino bamboo. Fukuda et al. (2001) studied CONCLUSIONS

the utilization of bamboo charcoal and indicat-
ed that the higher carbonization temperature,
the lower was the electrical resistance of the
charcoal. Lan et al. (2008) also reported that
the resistivity decreased with an increasing
charcoalization temperature. Results for the
specific surface area of the 3 kinds of bamboo
charcoal with different carbonization tempera-
tures are shown in Table 5. It indicates that the
specific surface area increased with an increase
in the carbonization temperature for all 3 kinds
of bamboo charcoal. Abe (2004) reported that
the physical adsorption ability of the adsorbent
increases with an increase in the specific sur-
face area.

From the results of temperature changes
in each cylinder in the earthen kiln, the tem-
perature rise in the upper part was earlier and
more rapid than those in the lower part. The
highest temperature exceeded 770°C, where-
as, the lowest temperature was about 530°C.
The test results of bamboo charcoal indicates
that the pH of the different bamboo charcoal
was not obviously affected by the carboniza-
tion temperature, the electrical resistivity of
bamboo charcoal significantly decreased with
an increasing carbonization temperature, and
the true density and specific surface area of
bamboo charcoal increased with an increasing



Taiwan J For Sci 31(4): 285-91, 2016

carbonization temperature.
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