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Abstract: Rice husk (RH) and straw are common agricultural wastes in Asian countries, and they are
potential bioresources for building materials. RH contains a large amount of SiO2, and many studies
have burnt RH to ash and then used it as a silica supplement in cement and concrete. However,
the combustion of RH has an additional cost and exacerbates CO2 emissions and air pollution. RH
inherently has a low bulk density and porous structure; therefore, it should be possible to directly
use RH as a lightweight additive in concrete. The purposes of this study were to use RH in the
production of autoclaved lightweight concrete (ALC) and to examine the effects of RH on ALC
properties. Four RHs with different particle sizes, i.e., >1.2 mm, 0.6–1.2 mm, 0.3–0.6 mm, and
<0.3 mm, were used as lightweight additives, and the ALC specimens were prepared with 0–20 wt.%
RHs by autoclaving at 189 ◦C for 12 h. The >0.3 mm RH was applicable to prepare the ALC
specimens, and the decomposition effect of <0.3 mm RH was significant. Both the bulk density
and the compressive strength of the ALC specimens decreased with increasing RH size. RH with
a particle size larger than 1.2 mm seems more appropriate for ALC production than RH with a
smaller particle size because of the lower bulk density and higher compressive strength. The Ca/Si
ratio decreased with increasing RH size, which affected the formation of tobermorite and thus
reduced the compressive strength of the ALC specimens. With a suitable water-to-solid (W/S) ratio,
the use of RHs as lightweight additives can yield ALC specimens that meet the requirements of
commercial products.

Keywords: rice husk; autoclaved lightweight concrete; agricultural waste; bioresource; compressive
strength; bulk density; performance factor

1. Introduction

Rice cultivation is predominantly concentrated in Asian countries, and rice serves as
a primary staple food for Taiwanese people. In 2023, the rice cultivation area in Taiwan
reached 222,000 ha, yielding 1.46 million tons of paddy rice. During the rice production
process, large amounts of crop residues, such as rice husk (RH) and straw, are generated.
In Taiwan, 292,074 tons of RH, which accounts for ~20 wt.% of paddy rice, were generated
in 2023 [1]. The main components of RH are approximately 80% organic substances (e.g.,
cellulose, hemicellulose, and lignin) and 20% inorganic substances, most of which are
silica. RH also has several unique characteristics including a low bulk density, high specific
surface area, and porous structure [2–5].

Historically, in the early 20th century, RH was used as an additive to building materials
in Taiwan when agriculture was the main economic activity. Traditional Taiwanese archi-
tecture often uses a composite of RH and clay to create adobes in house construction [6].
With the development of building materials and engineering technology, the adobes have
become historical monuments, and RH is no longer used in modern building materials. In
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recent years, many researchers have studied the use of rice husk ash (RHA) in concrete
materials [7–12]. RHA is produced by burning RH with sufficient oxygen. The organic
substances of RH are completely removed, and RHA containing high-purity silica is thus
obtained. RHA can be used as a pozzolanic material in concrete, and many studies indicate
that the use of RHA can increase the compressive strength and durability of concrete
materials [7,8,11]. However, the combustion of RH increases CO2 emissions and causes
air pollution [13,14]. In addition, rice husk biochar (RHB) and rice straw have been used
in building materials [15–17]. Muthukrishnan et al. [17] converted RH to RHB and then
used it in cement mortar to improve the mechanical strength and durability. The addition
of RHB also significantly reduced the autogenous shrinkage of the cement mortar. Pachla
et al. [16] used rice straw in cellular concrete and reported that the rice straw increased
the three-point bending strength but decreased the compressive strength. Moreover, the
rice straw improved the sound and heat insulation of the resultant cellular concrete. The
Taiwan government has been committed to developing a circular economy in recent years,
and one of the related policies is to advance the treatment and recycling technologies for
agricultural wastes [18]. Previous studies indicate that wastes derived from rice cultivation
should have the potential to be used in concrete materials.

Owing to its low bulk density, high silica content, and porous nature, RH is suitable for
the development of lightweight concrete products, such as autoclaved lightweight concrete
(ALC). ALC is a lightweight precast component created by evenly distributing air bubbles
within concrete via the addition of lightweight materials, foaming agents, or gases. ALC
typically has a thermal conductivity between 0.2 and 1.0 W/m·K and a bulk density ranging
from 0.3 to 1.8 g/cm³, which is approximately 25% that of conventional concrete [19–21].
Compared with conventional concrete, ALC has low thermal conductivity, excellent sound
and heat insulation, and fire resistance, and it has a wide range of applications [19,22,23].
Some studies have indicated that the use of RH as a substitute in ALC production can
not only reduce the bulk density but also improve the mechanical strength and durability.
During ALC production, the silica from RH can react with Ca(OH)2 to form calcium silicate
hydrates (CSHs), and the transformation of CSHs into tobermorite during autoclave curing
could improve the mechanical strength and durability [24,25].

The formation of tobermorite is closely related to the Ca/Si molar ratio in the material.
Optimal tobermorite formation occurs when the Ca/Si molar ratio is between 0.8 and 1.0.
Moreover, different Ca/Si molar ratios affect the structural characteristics of tobermorite.
Generally, tobermorite in plate form provides greater mechanical strength than tobermorite
in needle form [26,27]. However, some studies have reported that the mechanical strength of
the materials decreases as the proportion of RH increases [28,29], which could be attributed
to several factors. The use of RH increased the porosity of the composite, compromising the
overall structural integrity [30]. Moreover, the composite specimens exhibited high water
absorption and air content. This can potentially lead to insufficient hydration reactions
and consequently reduce the mechanical strength [31]. Doumongue et al. [32] indicated
that the distribution and bonding of RHs within a composite are other crucial factors for
maintaining mechanical strength. Chabannes et al. [33] also suggested that the relatively
lower stiffness and greater deformability of RHs further contribute to the reduction in
mechanical strength.

Given the aforementioned challenges, the aim of this research is to optimize the
use of RH in ALC production to increase structural integrity and performance. In the
experimental work, the characteristics of raw RH were examined first, and the raw RH was
then separated into four particle sizes for further analyses and experiments. The RHs with
different particle sizes were used for ALC production, and the effects of the RH amount
and water-to-solid (W/S) ratio on the properties of the ALC specimens were studied.

2. Materials and Methods

The raw RH was obtained from a rice mill in southern Taiwan. To examine the
characteristics of raw RH, proximate analysis (moisture content, loss on ignition (LOI), and
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ash content), chemical composition analysis, X-ray diffraction (XRD) analysis, and particle
size analysis were conducted. The moisture content was determined by drying the RH at
105 ◦C for 24 h to obtain the weight loss of water. LOI was measured by calcining the RH
at 850 ◦C for 3 h. The residual weight after the LOI measurement was used to calculate the
ash content. The chemical composition of the RH was determined via an X-ray fluorescence
(XRF) spectrometer (XEPOS, Spectro, Kleve, Germany). The XRD analysis was conducted
by using an X-ray diffractometer (D8 Advance, Bruker, Karlsruhe, Germany) with Cu-Kα

radiation. The XRD patterns were recorded between 5◦2θ and 65◦2θ with a scanning step
of 0.02◦. Before the XRF and XRD analyses, the RH was dried and ground into a powder
with a particle size less than 0.075 mm. The particle size analysis for the RH was conducted
by using a test sieve shaker (AS 200 Basic, Retsch, Haan, Germany) with standard test
sieves of 0.075 mm, 0.15 mm, 0.3 mm, 0.6 mm, 1.2 mm, and 2.4 mm.

To obtain RHs with different particle sizes for the production of ALC, the RH was
shredded with a pulverizing machine (RT-02A, Rong Tsong Precision Technology Co.,
Taichung, Taiwan) and then separated into four particle sizes, namely, RH-L (>1.2 mm),
RH-M (0.6–1.2 mm), RH-S (0.3–0.6 mm), and RH-F (<0.3 mm). Photos of these RHs are
shown in Figure 1. It was observed that most of the >1.2 mm particles (RH-L) were intact
RH. In contrast, RH-F (<0.3 mm) was a fine powder, and few features of RH remained.
For the preparation of ALC specimens, slaked lime (Ca(OH)2, 97.8%, Schaefer Kalk, Diez,
Germany), silica powder (SiO2, 99.5%, Alfa Aesar, Ward Hill, MA, USA), and cement
(Taiwan Cement Corporation, Taipei, Taiwan) were employed as the ALC raw materials
in this study. The weight percentages of slaked lime, silica powder, and cement were
45.0 wt.%, 45.0 wt.%, and 10.0 wt.%, respectively. Table 1 shows the chemical compositions
of the ALC raw materials.
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Figure 1. Photos of RHs with different particle sizes.

Table 1. Chemical compositions of ALC raw materials.

Chemical Composition Slaked Lime 1 Silica Powder 1 Cement 1

Mg (wt.%) 0.36 0.004 1.61
Al (wt.%) 0.04 0.470 2.56
Si (wt.%) 0.06 46.51 14.47
P (wt.%) NA 2 NA 2 NA 2

S (wt.%) 0.01 NA 2 0.89
Cl (wt.%) NA 2 NA 2 NA 2

K (wt.%) NA 2 NA 2 0.29
Ca (wt.%) 52.91 0.001 42.12
Fe (wt.%) 0.03 0.029 2.46

1 Data provided by the manufacturers. 2 NA: not available.

The RHs (RH-L, RH-M, RH-S, and RH-F) were used as lightweight additives, and
the amounts of RH were between 0 wt.% and 20 wt.%. The raw materials and RHs were
mixed together with a rotary agitator for 30 min and then put into a mixing bowl. Water
was added to the raw mixture at a specific W/S ratio (0.7–0.8 L/kg) and then blended
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into slurry with an electric blender. The slurry was poured into 50 mm cubic molds where
it was allowed to expand. The expansion of the slurry nearly finished after standing for
30 min, and the bump on the top of the molds was removed. The molds were then moved
into a moist closet for precuring, in which the temperature was 23 ± 2 ◦C and the relative
humidity was ≥95%. After precuring for 24 h, the hardened specimens were obtained
and the molds were subsequently removed. The hardened specimens were cured with an
autoclave for 12 h to promote hydration reactions. The autoclave curing temperature was
set at 189 ◦C, and the pressure of the saturated steam reached approximately 12 atm. The
ALC specimens were prepared and then dried at 105 ◦C for 24 h before further testing. The
bulk density and compressive strength of the ALC specimens were measured according to
ASTM C1693. The compressive strength was determined with an electric testing machine
(HCH-239-20T, Jin Ching Her Co., Ltd., Yunlin, Taiwan) at a loading rate of 1.0 mm/min.
The water absorption test for the ALC specimens was conducted according to CNS 619.
The dried ALC specimens were weighed (Wd) and then immersed in boiling water for 3 h.
After cooling to room temperature, the specimens were taken out of the water, and the
water attached to the surfaces was removed. The specimens saturated with water were
weighed (Ws), and the water absorption percentage was obtained via Equation (1).

Water absorption(%) =
Ws(g)− Wd(g)

Wd(g)
× 100% (1)

The scheme of the full experimental setup is presented in Figure 2.
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Figure 2. Scheme of the full experimental setup.

3. Results and Discussion
3.1. Characterization of RH

Table 2 shows the moisture content, LOI, and ash content of the RH samples. The
RH originally contained 11.19 wt.% moisture, which is close to the typical upper bound
reported in a previous study [34]. The RH had a high LOI (76.73 wt.%) and contained
12.08 wt.% ash at 850 ◦C under an air atmosphere for 3 h. The LOI should be attributed to
the combustion of organic substances, such as cellulose, hemicellulose, and lignin. RHA is a
combustion residue of RH, and many studies have indicated that RHA is mainly composed
of SiO2 [35,36]. Because the moisture content of RH usually fluctuates depending on the
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storage environment and time, it is more useful to use the dry-basis LOI and ash content
for comparison with other studies. The dry-basis ash content of the RH in this study was
13.61 wt.%, which is slightly lower than most of the values reported by Jittin et al. [37]. The
soil environment for paddy rice should be the key factor that affects the ash content of RH.

Table 2. Moisture content, LOI, and ash content of the RH.

Percentage Moisture Content LOI 1 Ash Content

wt.% 11.19 76.73 12.08
wt.% (dry basis) – 86.39 13.61

1 LOI: loss on ignition (at 850 ◦C for 3 h).

The chemical composition of the RH is given in Table 3. Notably, Si accounted
for 11.79 wt.% of the RH, a value that is much higher than those of the other elements.
In addition to Si, K was detected at 1.54 wt.%, and Mg, P, Ca, S, and Cl were found
at approximately 0.20–0.50 wt.%. Some trace metals, including Mn (126 mg/kg), Ba
(40 mg/kg), Ti (24 mg/kg), Zn (22 mg/kg), and Ni (11 mg/kg), were also present in the
RH. Jauberthie et al. [25] observed the distribution of Si in RH and reported that Si existed
as amorphous silica and was concentrated on the surfaces of RH, not within the RH itself.

Table 3. Chemical composition of the RH.

Chemical Composition RH

Major Element (wt.%)

Mg <0.50
Al <0.01
Si 11.79
P 0.29
S 0.20
Cl 0.20
K 1.54
Ca 0.23
Fe 0.03

Trace Metal (mg/kg)

Ti 24
Mn 126
Ni 11
Zn 22
Ba 40

Figure 3 presents the XRD pattern of the RH. The diffraction intensity of the pattern
was very low, which showed that the RH was nearly amorphous. Only a weak peak related
to silicon oxide (SiO2) was identified in the XRD pattern of RH. Figure 4 shows the particle
size distributions of the RH and the shredded RH. The RH originally had small amounts
of <1.2 mm particles. The particle size of 0.6–1.2 mm was 10.57 wt.%, and the individual
weight percentages of the smaller particles were all less than 3.5 wt.%. A particle size
of >1.2 mm accounted for more than 82 wt.% of the RH. To prepare RHs with different
particle sizes, it was necessary to shred the RH. After shredding, the <0.3 mm particles
increased to 37.72 wt.%, and the 0.3–0.6 mm and 0.6–1.2 mm particles were 36.59 wt.%
and 23.53 wt.%, respectively. Accordingly, four RHs with different particle sizes, i.e., RH-L
(>1.2 mm), RH-M (0.6–1.2 mm), RH-S (0.3–0.6 mm), and RH-F (<0.3 mm), were prepared
for the subsequent experiments.
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Table 4 lists the bulk density and specific surface area of RH-L, RH-M, RH-S, and RH-F.
The bulk density of RH-L was only 0.102 g/cm3; as the particle size decreased, the bulk
density of the RHs increased. The bulk density of RH-F reached 0.456 g/cm3. Because RHs
were used as lightweight additives for ALC production, a lower bulk density should be
more appropriate. The specific surface area of RHs also varied with the particle size. The
specific surface area of RH-L was only 43.4 m2/kg, whereas that of RH-F was 768.5 m2/kg.
A high specific surface area could increase water adsorption on surfaces and change the
effects of RHs on ALC properties.

Table 4. Bulk density and specific surface area of the RHs with different particle sizes.

Characteristic RH-L RH-M RH-S RH-F

Particle size (mm) >1.2 0.6–1.2 0.3–0.6 <0.3
Bulk density (g/cm3) 0.102 0.276 0.354 0.456

Specific surface area (m2/kg) 43.4 91.1 139.3 768.5



J. Compos. Sci. 2024, 8, 359 7 of 15

3.2. Properties of ALC Prepared with RHs

Figure 5 shows photos of the ALC specimens prepared with RH-L, RH-M, RH-S, and
RH-F. When the amounts of RHs increased, the surfaces of the ALC specimens became
rougher, and more voids and cracks were observed. The color of the ALC specimens
also became darker when increasing the amounts of RHs. It was noted that RH-F failed
in the preparation of ALC specimens. The ALC specimen prepared with 4 wt.% RH-F
had large cracks and that prepared with 12 wt.% RH-F broke in half. Therefore, RH-
F was excluded from the subsequent experiments. Jittin et al. [37] reported that RH
contained 11.96–31.68 wt.% hemicellulose and 26.20–35.62 wt.% cellulose. Compared with
cellulose, hemicellulose can be hydrolyzed more easily under acidic or basic conditions.
The hydrolysis of hemicellulose could occur during ALC production, thus affecting the
properties of the ALC specimens. Moreover, RH-F was a fine powder with a high specific
surface area, and the effects of hydrolysis reactions should be more significant.
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Figure 5. Photos of the ALC specimens prepared with RHs with different particle sizes.

Figure 6 presents the bulk density of the ALC specimens prepared with RH-L, RH-M,
and RH-S. Generally, the bulk density of the ALC specimens gradually decreased with
increasing RH size. The ALC specimens prepared with RH-L had a lower bulk density
than those prepared with RH-M or RH-S. However, the difference in the bulk density of
ALC specimens between RHs was not very significant.
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Figure 6. Bulk density of the ALC specimens prepared with RH-L, RH-M, and RH-S.

The compressive strength of the ALC specimens prepared with RH-L, RH-M, and
RH-S is shown in Figure 7. When RHs were used as lightweight additives, the compressive
strength of the ALC specimens significantly decreased with increasing RH size. At a specific
amount of RH, the ALC specimens prepared with RH-L mostly had higher compressive
strength than those prepared with RH-M or RH-S. The decrease in compressive strength of
the ALC specimens may be due to the change in the Ca/Si molar ratio. The initial Ca/Si
molar ratio was 0.849 when no RHs were added. The Ca/Si molar ratio decreased with the
amount of RH added because additional Si was introduced with RHs. The Ca/Si molar
ratio decreased to 0.832 when 20 wt.% RHs was used for ALC production. Many studies
have indicated that the Ca/Si molar ratio is highly related to the formation of tobermorite
and the development of compressive strength [26,27,38,39].
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Figure 7. Compressive strength of the ALC specimens prepared with RH-L, RH-M, and RH-S.

The performance factor (Pf) has been used by many researchers to evaluate the com-
bined performance of a lightweight material (e.g., ALC and foamed concrete) because the
variation in the compressive strength is highly related to that in the bulk density [40–42].
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The calculation of the Pf value is shown in Equation (2). Figure 8 shows the Pf values of the
ALC specimens prepared with RH-L, RH-M, and RH-S. The Pf values of ALC specimens
generally decreased with increasing RH size. Notably, the ALC specimens prepared with
RH-L had higher Pf values than those prepared with RH-M or RH-S. These findings indicate
that that RHs with larger particle sizes are more appropriate lightweight additives for ALC
production. The ALC specimens prepared with 12 wt.% RH-L had relatively stable Pf val-
ues, and the bulk density reduced to 0.822 g/cm3. Therefore, the use of 12 wt.% > 1.2 mm
RH is the optimal condition for the production of ALC.

Pf(MPa/g/cm3) =
Compressive strength(MPa)

Bulk density(g/cm3)
(2)
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Figure 8. Pf values of the ALC specimens prepared with RH-L, RH-M, and RH-S.

The XRD patterns of the ALC specimens prepared with RHs are presented in Figure 9.
In the ALC specimen prepared without RHs, tobermorite was the main crystalline phase,
and quartz (SiO2) barely existed. When RHs were used as lightweight additives, the
diffraction intensity of tobermorite decreased and quartz appeared in the ALC specimens.
It was also found that at a specific amount of RH, the ALC specimens prepared with
RH-M and RH-S had higher diffraction intensities of quartz than that prepared with RH-L.
Chandrasekhar et al. [12] indicated that the SiO2 in RH is present in a hydrated amorphous
form, which has high reactivity, and it can convert to crystalline forms during thermal
treatment. Another possible situation is that the high-reactivity SiO2 from RH may react
with Ca(OH)2 first to form tobermorite, thus causing the added silica powder to remain
in the ALC specimens. These findings showed that an excess of SiO2 was provided by
the RHs, especially for RHs with small particle sizes, and thus affected the formation of
tobermorite. With increasing RH size, the effect of RHs on the formation of tobermorite
became more significant and was likely responsible for the decrease in the compressive
strength of the ALC specimens. Liu et al. [38] concluded that an ideal Ca/Si molar ratio
can maximize the formation of tobermorite and enhance the compressive strength. In this
study, the Ca/Si molar ratio decreased due to the excess SiO2 provided by the RHs and
therefore interfered with the tobermorite formation and compressive strength.
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Figure 9. XRD patterns of the ALC specimens prepared with RHs.

Table 5 shows the water absorption of the ALC specimens prepared with RHs. In
general, the water absorption was negatively related to the bulk density of the ALC
specimens (compared to Figure 6). For typical building materials, water absorption could
be limited to a certain level, especially when the impact of water freezing and thawing
is considered. Rahman et al. [43] noted that water absorption is contributed by capillary
pores (<1 µm) and large ventilation pores. In addition, open pores contribute to water
absorption, whereas closed pores do not. The ALC specimens prepared with RH-L had
greater water absorption than the other specimens did. However, the ALC specimens
prepared with 4–12 wt.% RH-L had relatively low water absorption (76.2–78.2 wt.%). High
amounts of RH-L (16 wt.% and 20 wt.%) greatly increased the water absorption of the ALC
specimens. Therefore, limiting the amount of RH added may be necessary to control the
water absorption of ALC.

Table 5. Water absorption of the ALC specimens prepared with RHs.

Amount of RH (wt.%)
Water Absorption (wt.%)

RH-L RH-M RH-S

4 76.2 70.9 71.7
8 78.6 72.9 73.9
12 78.2 76.7 77.5
16 85.5 79.4 83.7
20 96.0 82.5 84.0
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3.3. Effects of the W/S Ratio on the Physical Properties of the ALC Specimens

In addition to lightweight additives, the W/S ratio is also an important parameter for
determining the properties of ALC specimens. Water is an essential element of ALC because
it promotes the hydration reactions of raw materials and greatly affects the flowability
of the ALC slurry. The flowability normally increases with increasing W/S ratio, while
the bulk density of the resulting ALC usually decreases [44,45]. Figure 10 illustrates the
variation in the bulk density of ALC specimens prepared with RHs at various W/S ratios.
The bulk density of the ALC specimens decreased with increasing W/S ratio, as expected.
For RH-M (Figure 10b) and RH-S (Figure 10c), the bulk density of the ALC specimens
rapidly decreased with increasing W/S ratio and RHs. At higher amounts of RHs, the effect
of the W/S ratio on the bulk density of the ALC specimens was more significant. However,
when RH-L was used as a lightweight additive (Figure 10a), the effect of the W/S ratio on
the bulk density of the ALC specimens seemed more insignificant. The bulk density varied
within a relatively narrow range of 0.63–0.89 g/cm3.
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Figure 10. Bulk density of the ALC specimens prepared with the RHs at various W/S ratios:
(a) RH-L; (b) RH-M; (c) RH-S.

The compressive strength of ALC specimens prepared with RHs at various W/S ratios
is presented in Figure 11. The effect of the RH amount on the compressive strength of
the ALC specimens seems greater than that of the W/S ratio. At a specific amount of RH,
the increase in the W/S ratio only slightly reduced the compressive strength of the ALC
specimens. This result is in line with previous research [46]. It is known that RHs can
absorb some water, and this may partially neutralize the increases in the W/S ratio. In
comparison, the ALC specimens prepared with RH-L had higher compressive strength
at a specific W/S ratio than those prepared with RH-M or RH-S. Chabannes et al. [33]
also used RH in lightweight insulating concrete, and the 60-day compressive strength
was only 0.33 MPa. The autoclave curing used in this study can significantly increase the
compressive strength of the lightweight concrete prepared with RH.

In Taiwan, the properties of qualified ALC products should meet the requirements of the
CNS 13480 standard [47]. There are five strength classes of ALC blocks (namely G2, G4,
G6, G8, and G10) according to the requirements of compressive strength and bulk density,
which are listed in Table 6. The strength class of G10 requires the highest compressive
strength (12.5 MPa) and is also allowed to have a maximum bulk density (1.20 g/cm3).
Based on the test results of compressive strength and bulk density, the ALC specimens
prepared with RHs can be classified into various strength classes according to CNS 13480,
as shown in Figure 12. The ALC specimens prepared with RH-L, RH-M, and RH-S can meet
the requirements of G6, G8, and G10 when using appropriate W/S ratios. In this study, ALC
specimens compliant with the strength classes of G2 and G4 were not obtained because
of the excessive bulk density. When RH-L is used as a lightweight additive, the qualified
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ALC specimens can be prepared with 4–16 wt.% RH-L at W/S ratios of 0.70–0.80 L/kg.
The ALC specimen prepared with 4 wt.% RH-L at a W/S ratio of 0.80 L/kg can meet all
the requirements of G6, G8, and G10, which means that it should have a wide range of
applications. The amount of RH-M or RH-S used for ALC production should be restricted
to 12 wt.% and less to obtain qualified ALC products.
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Figure 11. Compressive strength of the ALC specimens prepared with the RHs at various W/S ratios:
(a) RH-L; (b) RH-M; (c) RH-S.

Table 6. Physical requirements of the ALC products regulated in CNS 13480.

Strength Class Compressive Strength (MPa) 1 Bulk Density (g/cm3) 2

G2 2.5 0.50
G4 5.0 0.60
G6 7.5 0.80
G8 10.0 1.00

G10 12.5 1.20
1 Average of testing specimens, minimum. 2 Dry bulk density, maximum.
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4. Conclusions

The following conclusions can be drawn from the present findings of this study:

1. The dried RH had a high LOI (~86 wt.%), which should be attributed to organic
substances, and contained ~14 wt.% ash (mostly composed of silica). The particles
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larger than 1.2 mm accounted for >82 wt.% of the RH and most of these particles
were intact RHs. Four RHs with different particle sizes, namely RH-L (>1.2 mm),
RH-M (0.6–1.2 mm), RH-S (0.3–0.6 mm), and RH-F (<0.3 mm), were investigated, and
it was found that both the bulk density and the specific surface area increased with
the increase in the particle size of the RHs.

2. When RHs were used as lightweight additives for ALC production, the use of RH-F
(<0.3 mm) failed to produce ALC specimens. This shows that the decomposition of
RHs will occur during the preparation of ALC specimens, and the influence is more
significant for RHs with fine particle sizes. Generally, the ALC specimens prepared
with RH-L (>1.2 mm) had lower bulk density and higher compressive strength than
those prepared with RH-M or RH-S. The bulk density and compressive strength of
the ALC specimens simultaneously decreased with increasing RH size. When the
amounts of RHs increased, the Ca/Si molar ratio decreased and more SiO2 remained
in the ALC specimens. The formation of tobermorite was thus retarded, causing a
reduction in the compressive strength of ALC.

3. The amount of RH may be restricted to a level in order to control the water absorption
of the ALC specimens. The effect of the W/S ratio on the bulk density of ALC speci-
mens seems more significant than that on the compressive strength. By appropriately
controlling the W/S ratio and the amounts of RHs added, the resulting ALC speci-
mens can meet the requirements of some strength classes for qualified commercial
products (CNS 13480: G6, G8, and G10).

4. The above findings prove the feasibility of using RH in the production of ALC. The
hydrolysis reactions of cellulose and hemicellulose under autoclaving conditions
may be studied in future work to reveal the effects of the hydrolysis products on
tobermorite formation and ALC properties.
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