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A Study of Rice Hull Charcoal (1)

— Basic Structure of Rice Hull Charcoal and Its Ability as an Adsorbent for Formaldehyde —

Haruto MURAISHI and Masakatsu INADOMI

Three types of the rice hull charcoal were produced in order to examine the characteristic as an

adsorbent. (D The sample which carbonized the untreated rice hull (the untreated rice hull charcoal),
® The carbonized sample it dealt with the rice hull by fermentation germ (the fermentation germ
treatment rice hull charcoal) and @) The sample dissolved the inorganié component which is
included in the untreated rice hull charcoal in HF solution (the HF treatment rice hull charcoal). The
specific surface area increased with an increase in carbonization temperature (300~600°C), and by
the treatment (fermentation germ and HF solution). Adsorbed amount and adsorption rate of the
formaldehyde were remarkably improved by HF treatment. As a result of removing silica in the
cuticle and inorganic component in the inner fibrous part, it seemed to newly form pore (e.g., micro
pore) and adsorption site (e.g., polarity functional groups) which show the excellent gas absorption

characteristic

Keywords: Rice hull charcoal, Fermentation gern treatment, HF treatment, Adsorption of

formaldehyde, Formation of pore
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Table 1 Type of used gas detecting tubes

Type (No.) Measuring range
91LL 0.05~ 1ppm
91L 0.1~5ppm
91 2~20ppm
91M 20~2000ppm
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Fig.1 Cuticle of rice hull before carbonization
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Fig.2 Inner part of rice hull before carbonization
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Fig.3 Cuticle of rice hull after carbonization (400°C)

Fig.4 Sectional view of rice hull after carbonization
(400°C) : Cuticle is upper part in the figure.
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Table 2 pH of rice hull charcoals

Sample pH
Un-pretreat.-300°C 6.88
Un-pretreat.-400°C 7.76
Un-pretreat.-500°C 9.76
Un-pretreat.-600°C 10.02
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Table 3  Electric resistivity of rice hull charcoal

Sample Resistivity
Un-pretreat.-300°C 2.59 (Q-cmx10°%)
Un-pretreat.-400°C 3.11
Un-pretreat.-500°C 0.92
Un-pretreat.-600°C 0.74
Ferment. pretreat.-300°C 13.04
Ferment. pretreat.-400°C 3.62
Ferment, pretreat.-500°C 2.01
Ferment. pretreat.-600°C 1.02
HF aftertreat.- 300°C 6.48
HF aftertreat.- 400°C 6.62
HF aftertreat.- 500°C 0.41
HF aftertreat.- 600°C 0.01
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Fig.5 TG-DTA curve of the HF aftertreat.-400°C
rice hull charcoal
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Table 4 Change of specific surface area with pre-
and after-treatment and carbonization temperature

Sample Specific surface area
Un-pretreat.-300°C 3.82 (m%g)
Un-pretreat.-400°C 4.18
Un-pretreat.-500°C 6.32
Un-pretreat.-600°C 5.62
Ferment. pretreat.-300°C 3.48
Ferment. pretreat.-400°C 10.10

Ferment. pretreat.-500°C 22.90
Ferment. pretreat.-600°C 26.19

HF aftertreat.- 300°C 4.55
HF aftertreat.-400°C 15.84
HF aftertreat.-500°C 87.31
HF aftertreat.-600°C 99.94
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Fig.6 Change of the concentration of formaldehyde
with adsorption by the un-pretreatment rice hull charcoal
(carbonization temperature; 300°C: 4, 400°C: M, 500°C:
A, 600C:@®)
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Fig.7 Change of the concentration of formaldehyde
with adsorption by the fermentation germ pretreatment
rice hull charcoal (carbonization temperature; 300°C: @,
400°C: M, 500°C: A, 600C. @)
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Fig.8 Change of the concentration of formaldehyde
with adsorption by the HF after-treatment rice hull
charcoal (carbonization temperature; 300°C: 4, 400°C:
W, 500°C: A, 600°C: @)
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Fig.9 Change of the concentration of formaldehyde

with adsorption by the un-pretreatment rice hull charcoal
(initial  concentration: 20 ppm, carbonization

temperature; 300°C: 4, 400°C:H, 500°C: A, 600C: @)
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Fig.10 Change of the concentration of formaldehyde
with adsorption by the fermentation germ pretreatment
rice hull charcoal (initial concentration: 20 ppm,
carbonization temperature; 300°C: 4, 400°C:H, 500°C:
A, 600C:@)
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Fig.11 Change of the concentration of formaldehyde
with adsorption by the ‘HF after-treatment rice hull
charcoal (initial concentration: 20 ppm, carbonization
temperature; 300°C: 4, 400°C: M, 500°C: A, 600C: @)
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Fig.12 Change of the concentration of formaldehyde
with adsorption by charcoal : 4, bamboo charcoal : H,
untreated rice hull charcoal (500°C) : A, HF aftertreated
rice hull charcoal (500°C) : @ (initial concentration:
20 ppm)
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Table 5 Ash and principal constituent of charcoal,
bamboo charcoal and rice hull charcoal

Consti- |-Charcoal | Bamboo | Rice hull
tuent charcoal | charcoal
Ash(%) 1~3 15~20 40~50
Si0, 1~3 15~20 90~95
Na,O 1~5 1~2 0.2
K,0 10~25 20~30 2
CaO 25~45 1~3 0.6
Fe,05 1~4 1~2 0.03
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Table 6 Comparison with charcoal, active carbon, and rice hull charcoal

Charcoal Active carbon Rice hull charcoal
Carbonization 400~1000°C 400~1000°C 400~700C
temperature (activation at 800~ 1200°C)
Specific surface area 200~400 m*/g 800~ 1200 m%/g ~100 m*/g
Shape wooden shape powder, granular, fibrous powder,
hull shape

Generation of pore honeycomb structure
based on conduit and

cell wall

* wooden-base system : conduit of | Elution of inorganic
woody tissue

*palm shall system : hull tissue

+coal system : oxidation and thermal
decomposition

component
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