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Introduction
In Taiwan, an island state in East Asia, the 2018 rice yield 

was 1.56 million tons. This produced 312,000 tons of rice husk, 
which accounts for approximately 20% of the weight of rice [1]. 
Rice husk can be classified as complex lignocellulosic material 
[2]. The husk is a hard-protective layer of the rice grain and can 
also be used as building material, fertilizer, insulation, or fuel [3]. 
Regarding its chemical composition, raw rice husk contains both 
organic (74%) and inorganic constituents (26%) [4]. Pyrolysis is 
a thermochemical technology for converting biomass into energy 
and chemical products [5]. Pyrolysis is the thermochemical 
decomposition of biomass materials at high temperatures and  

 
pressures but in an inert or oxygen-free environment [6]. Pyrolysis 
is divided into three modes: fast, intermediate, and slow. Pyrolysis 
modes and conditions can influence the relative proportions 
of the three products (gas, liquid, and solid) obtained [7]. This 
paper discusses the pyrolysis liquid called pyroligneous acid, 
which is a crude, condensed, highly oxygenated organic liquid 
byproduct of pyrolysis [8]. Pyroligneous acid, also called wood 
vinegar or moussaka, is an aqueous liquid produced from the slow 
pyrolysis of lignocellulose waste and biomass as a byproduct of 
charcoal production [9]. Wood vinegar is a complex mixture of 
polar and nonpolar chemicals with various molecular weights 
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and compositions. The main organic component of wood vinegar 
is acetic acid [10]. Wood vinegar is widely applied in agriculture 
and affects plant growth and seed germination. Therefore, wood 
vinegar is used as a fertilizer and growth-promoting agent in 
some Asian countries [11]. Many studies have demonstrated 
similar effects of wood vinegar on regulating plant growth in 
sustainable agriculture [12], which involves “meeting society’s 
food and textile present needs without compromising the ability 
of future generations to meet their needs” [13]. Furthermore, 
environmentally friendly agricultural practices have drawn 
global attention as a promising alternative for sustainable food 
production [14]. In organic agriculture, numerous toxic chemicals 
are replaced by wood vinegar, a natural product, to combat 
disease and pests, stimulate plant growth, improve fruit quality, 
accelerate plant seed germination, and serve as an herbicide 
[10]. In this experiment, a Charcoal Processing System with an 
Internal Combustion Furnace (CPSICF) was first used to produce 

pyroligneous acid. The raw material was rice husk, and the final 
product was called rice husk vinegar. The quality of rice vinegar 
was examined to understand the efficiency of the CPSICF.

Materials and Methods

Materials
Rice husk was acquired from the Kaohsiung Cisman Farmer’s 

Association, and care was taken to avoid significant differences in 
experimental results due to differences in rice husk quality.

Experimental device
Figure 1 displays a schematic of the CPSICF. The main 

structure includes a cooling water and exhaust purification tank 
(1), which was used to store cooling water and purify the exhaust. 
The chimney (2) collected the exhaust. Rice husk was burned in 
the Internal Combustion Furnace (ICF, 4), and the exhaust was 
collected in the ICF cover (3) (Figure 1).

Figure 1: Charcoal Processing System with Internal Combustion Furnace (CPSICF) sketch and temperature measure points.

Legends: 1. Cooling water and exhaust purification tank, 2. 
Chimney, 3. ICF cover, and 4. ICF

Figure 2 is a detailed illustration of the CPSICF cooling system. 
The difference between chimneys 1 and 2 was the cooling water 
layer. Cooling water was used to reduce the temperature of the 
chimney, and the rice husk vinegar condensed in the chimney was 
collected (8, B). Cooling water was pumped from the tank into 

the cooling water input port (3). Cooling water filled the chimney 
(2) and exited through the above cooling water output port (4) to 
flow back into the tank. Water also exited through a lower cooling 
water output port (5) and spread on the ICF cover. The cooling 
water on the ICF cover exited through a cooling water recycle port 
(6) and back into the tank. The rice husk vinegar condensed on the 
ICF cover was collected (7, A).

Figure 2: The cooling system of CPSICF.
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Legends: 1. Chimney, 2. Chimney with cooling water layer, 3. 
Cooling water input port, 4. Above cooling water output port, 5. 
Below cooling water output port, 6. Cooling water recycle port, 7. 
Rice husk vinegar condensed from ICF cover (A), and 8. Rice husk 
vinegar condensed in chimney (B)

Experimental procedure
The CPSICF experiment was performed as follows: 

Approximately 40kg of rice husk was placed in the ICF and ignited 
with wood charcoal placed in the upper section. After the rice husk 
ignited, the ICF cover was covered, and the exhaust was collected. 
The gate width was then adjusted to the appropriate size. Using 
the CPSICF, rice husk vinegar could be effectively produced, and 
uncollected smoke could be recycled to prevent air pollution.

The experiment was conducted between April and June 
2019 in Cisman District, Kaohsiung City, Taiwan. To prevent the 
influence of humidity changes, experiments were conducted 
on days with fair weather and a rainfall probability of less than 
10%. The recorded temperature was approximately 23°C-33°C. To 
prevent external airflow from influencing the intake air volume 
of the CPSICF opening, the CPSICF was placed in a tin shelter. The 
key factor in this experiment was the air flow gate width, which 
affected air intake and ICF temperature. Temperature, a key factor 
of pyrolysis, can affect the yield and quality of rice husk vinegar 
[15]. Gate widths of 5, 7.5, and 10 mm were studied three times. 
To understand the efficiency of the cooling system, a control 
experiment was performed with a 5-mm gate width without 
cooling water. The experiment time was controlled at 21 h. The 
yield and quality of rice husk vinegar are discussed separately 
because of different collecting methods.

Temperature
Temperature measurement points, presented in Figure 1, 

were set in the furnace (Temp. 1-3) and recorded using a Portable 
Data Station (Yokogawa Electric Co., Ltd, Japan; Yokogawa 
XL122-D) during the experiment. In addition, the temperature of 
the chimney was measured at the points Temp. 4 and Temp. 5 to 
ensure the cooling water function of the chimney.

pH and Total Acid Content (Acidity)
The pH value was measured using a pH meter (Thermo Fisher 

Scientific Inc., USA; model Orion Star A329) at a liquid temperature 
of 20°C. The total acid content (acidity) was evaluated through 
titration with 0.1 N sodium hydroxide (NaOH). The content of 
acetic acid (CH3COOH), a major organic acid in wood vinegar, was 
calculated using the titrated sodium hydroxide volume [16].

Tar content
The tar content was measured by boiling 100mL of the product 

in a glass beaker; the residue was tar. The amount of total soluble 
tar indicated the presence of phenolic compounds, which may 
have antifungal activity and applications as wood preservatives 
[17].

Suspended solids
The sample (20g) was filtered through a reweighed standard 

glass fiber filter. The filter was then dried, and the residue on the 
filter was retained in a 103°C-105°C oven (CHANNEL BUSINESS 
CO., Ltd Taiwan; model DV-902) for 1 h. The increase in filter 
weight indicated suspended solids [18].

Results and Discussion

Temperature Change in ICF (Figure 3)
Temperature was measured at the measurement point 

Temp. 1 in the top layer of the furnace. Temperature increased 
in the beginning. With cooling water, temperature gradually 
increased from room temperature to 94.5°C. The differences 
among gate widths were nonsignificant. Without cooling water, 
temperature increased severely from 29.0°C to 206.0°C over 3h 
30min, decreased to <95°C after 8h, and remained in the range 
of 78°C-95°C. Temperatures under both conditions demonstrated 
a similar trend after 12h. Temperature was measured at the 
measurement point Temp. 2 in the central layer of the furnace. 
With a 5-mm gate width, temperature increased from 32.0°C to 
207.7°C from 3h to 12h 25min and then decreased slowly. With a 
7.5mm gate width, temperature increased from 31.5°C to 328.2°C 
from 2h 20min to 5h 55min and then decreased slowly. With a 
10-mm gate width, temperature increased from 33.8°C to 293.0°C 
from 1h 40min to 5h 30min, decreased to approximately 200°C 
at 7 h 50 min, and remained between 180°C between 200°C until 
10h 20min, after which temperature decreased rapidly. Without 
cooling water, temperature increased from 30.6°C to 424.0°C 
from 2h 20min to 3h 25min and then decreased rapidly. After 7h, 
temperature gradually decreased until the end of the experiment. 
Temperature was measured at the measurement point Temp. 3 in 
the bottom layer of the furnace. Temperature started increasing 
rapidly at 6h 50min, 7h 45min, 6h 5min, and 5h 15min with 
gate widths of 5, 7.5, 10, and 5mm without cooling water, 
respectively. The highest temperatures under each condition were 
579.8°C, 570.5°C, 583.4°C, and 543.6°C. With a 5-mm gate width, 
temperatures were maintained at more than 500°C from 9h 5min 
to 17h 45min and then decreased slowly. With a 7.5-mm gate 
width, temperatures more than 500°C were maintained from 14h 
35min until the end. At a gate width of 10 mm, temperatures were 
maintained at more than 500°C from 7h 45min to 14h 55min and 
then decreased rapidly. At a gate width of 5mm without cooling 
water, temperatures were maintained at more than 500°C from 
12h 40min to 19h 20min and then decreased slowly. Rice husk 
was burned from the top to the bottom of the furnace. In the top 
and central layers, cooling water exhibited an extreme effect on 
temperature, which was highest with a 5-mm gate width without 
cooling water. In the bottom layer, the gate width affected heating 
rates; with gate widths of 10 and 5mm without cooling water, peak 
temperatures were reached earlier than with gate widths of 5 and 
7.5mm. Furthermore, at a gate width of 10mm, the temperature in 
the bottom layer decreased rapidly at 14h 55min, which indicated 

http://dx.doi.org/10.19080/ARTOAJ.2019.23.556238


How to cite this article: Wei-Puo Kuo, Yutaka Kitamura, Yoshiyuki Hara, Ching-Chen Hsieh, Yi-Hong Lin, Chen-Pin Chen. Pyroligneous Acid Produced by 
Rice Husk Using the Charcoal Processing System with Internal Combustion Furnace. Agri Res& Tech: Open Access J. 2019; 23(4): 556238. 
DOI: 10.19080/ARTOAJ.2019.23.556238

00347

Agricultural Research & Technology: Open Access Journal 

that the burning condition was decreasing. The decrease in 
sustained burning time might affect pyrolysis results.

Temperature change on the chimney (Figure 4)
Temperature was measured at the point Temp. 4 above 

the chimney. The temperature change was similar to room 
temperature, which ranged from 23°C to 33°C. Temperature 
measured at Temp. 4 was not significantly different among 
different conditions. Temperature was measured at Temp. 5 at 

the bottom of the chimney. With cooling water, the temperature 
change among different gate widths was not significantly 
different. However, without cooling water, temperature increased 
at the beginning, reached a peak of 48.2°C after 4h 35min, and 
then decreased gradually. Compared with that measured at Temp. 
1 in (Figure 3), without cooling water, temperature at the top of 
the furnace affected that at the bottom of the chimney. The cooling 
system could ease the burning condition and reduce temperature 
at the bottom of the chimney.

Figure 3: Time course on temperature recorded in furnace at 3 levels.

Figure 4: Time course on temperature recorded on chimney. 
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Weight of rice husk vinegar
Table 1 presents the relationship between gate width and 

physical-chemical characteristics of the rice husk vinegar. In 
the experiments with cooling water, the weight of A, rice husk 
vinegar condensed on the ICF cover, was three times more than 
that of B, rice husk vinegar condensed in the chimney (Figure 
4). The weight change of B was nonsignificant also the chimney 
temperature in Figure 4. The largest total amount was collected 
when the gate width was 7.5 mm (14.08kg), and that collected at a 
gate width of 5 mm (13.92kg) was slightly less. However, the yield 
with a 10-mm gate width (13.12kg) was 7% less than that with a 
7.5-mm gate width. Furthermore, at a 5-mm gate width without 
cooling water, the total yield (7.23kg) was nearly half the amount 
in other conditions. The weight of A (2.09kg) was less than half 

of that of B (5.14kg), which was different from the condition with 
cooling water. Comparing temperature changes in the furnace and 
chimney with the rice husk vinegar weight, the results revealed 
that cooling water that affected the temperature of the furnace 
and chimney also affected the weight of the rice husk vinegar 
(Table 1). Without cooling water, temperature in the top layer was 
higher than that in other conditions; this affected the amount of 
rice husk vinegar condensed on the ICF cover. The rest of the rice 
husk vinegar condensed on the chimney. Higher heating rates tend 
to favor higher wood vinegar yields [19]. Than & Suluksna [20] 
reported that increasing primary airflow initially increased each 
of the process rates but caused a decrease in the rates beyond a 
certain point. From the experimental results and studies, a gate 
width of 10 mm is confirmed to cause overheating.

Table 1: Relationship between gate width and rice husk vinegar characteristic.

Gate width (mm) Weight (kg) PH (-) Acidity (%) Tar Content (%) Suspended Solid (mg/L)

A
5 10.98 3.1 6.3 1.5 2.1

7.5 11.11 3.3 6 1.3 2.9

10 10.06 3.4 5.9 2.9 5.1

5 (no cooling water) 2.09 3.6 8.3 3.9 20.6

B
5 2.94 3.2 6.3 3.3 4.7

7.5 2.97 3.2 6.5 3.1 7.4

10 3.07 3.4 6.2 3.7 8.5

5 (no cooling water) 5.14 3.6 6.9 6.1 8.4

pH Value and acidity of rice husk vinegar
The pH value was not significantly different between A (3.1-

3.6) and B (3.2-3.6). The pH value increased as the gate width 
became larger. Moreover, the highest pH was observed in the 5-mm 
gate and no cooling water condition. Wood vinegar pH increased 
as temperature increased [21]. Vinegars with lower pH values 
are preferred because of their higher antibacterial abilities [22]. 
The acidity of the vinegar obtained from each gate width test is 
listed in Table 1. Comparing with Figure 3, the acidity of A without 
cooling water decreased as the gate width and temperature in the 
ICF increased. This result is consistent with the research result of 
Budaraga et al. [22] that total acid value decreased as pyrolysis 
temperatures increased. There was no interaction observed 
between the acidity of B and gate width. Moreover, the acidity of 
vinegar produced with a 5-mm gate width without cooling water 
was more obvious than that in the condition with cooling water. 
The pH value and acid content were weakly correlated because of 
a complex effect among the various pyrolyzate components [16].

Tar content of rice husk vinegar
Under all conditions, the tar content of B (3.1 to 3.7 and 6.1) 

was almost twice that of A (1.3 to 2.9 and 3.9). The least tar content 

was observed with a gate width of 7.5mm. Japan Pyroligneous 
Liquor Association, an industrial body for pyroligneous liquor 
traders, established that the tar content of good-quality wood 
vinegar should not exceed 3% [10]. The tar content of the vinegar 
obtained with a gate width of 5 mm without cooling water and the 
tar content of B did not meet this specification.

Suspended solids
Suspended solids increased as the gate width became larger. 

For the 5-mm gate width with and without cooling water, the 
suspended solids increased 10 times in A but only twice in 
B. Compared with (Figure 3), the more obvious the burning 
condition, the higher the suspended solid content would be.

Conclusion
This experiment used rice husk as raw material and a CPSICF 

to produce rice husk vinegar. The physical properties of rice husk 
vinegar obtained in this experiment were analyzed in two parts, 
A and B, and included weight, pH value, acidity, tar content, and 
suspended solids. The process characteristics are as follows:

a) The total weight of the rice husk vinegar was 13.13-
14.08kg but only 7.23kg without cooling water. The pH value, 
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acidity, and tar content were 3.1-3.6, 5.9%-8.3%, and 1.3%-
6.1%, respectively. The suspended solid content was 2.1-8.5 
mg/L but reached 20.6 mg/L in A without cooling water.

b) The temperature change during pyrolysis affected the 
physical properties of the rice husk vinegar. The operating 
procedure for the CPSICF was relatively easy, and the quality 
could be efficiently controlled by adjusting the gate width.

c) The quality of the rice husk vinegar obtained from 
the CPSICF with 5- and 7.5-mm-wide gates did not differ 
substantially. Quality decreased when the gate width was 
10 mm. Moreover, without cooling water, rice husk vinegar 
quantity and quality were significantly reduced. With cooling 
water, one must only adjust the gate width: a gate width of 
5-7.5 mm provides high-quality rice husk vinegar.

d) To achieve the goal of sustainable agriculture, the CPSICF 
shows potential in converting biomass into valuable products. 
Thus, the utility of rice husk vinegar produced by the CPSICF 
should be discussed in additional studies.
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