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Hydration, Strength and pH Properties of
Porous Concrete Using Rice Husk Ash

Kim, Young Ik* - Sung, Chan Yong**'T

Abstract

This study was performed to evaluate void ratio, compressive and flexural strengths, and pH properties accord-
ing to the content ratio of rice husk ash, aggregate size, and neutral treatment time of porous concrete with
content of rice husk ash produced as an agricultural by-product. The SEM results for cement mortar with a 5%
rice husk ash for the weight of cement formed more C-S-H hydrates due to the SiO; of rice husk ash. In the
XRD test, cement mortar with a 5% rice husk ash for the weight of cement registered a higher peak point of
approximately 26=20~25° compared to cement mortar without rice husk ash. According to the results of the
XRD and SEM tests, the SiO; that was a major chemical element of rice husk ash generated a large amount of
calcium hydroxide in the early stage of the hydration process of cement leading to the formation of ettringite. The
void ratio of porous concrete with rice husk ash decreased with increasing content ratio of rice husk ash. In
addition, the void ratio of porous concrete with rice husk ash decreased compared to porous concrete without rice
husk ash. The compressive and flexural strength of porous concrete with a 5% and 10% content ratio of rice husk
ash slightly increased compared to concrete without rice husk ash. The pH value of porous concrete rapidly
decreased immediately after neutral treatment. Then, it gradually increased and decreased again after 14 days.
However, the pH value was nearly the same regardless of neutral treatment time in 28 curing days. Also, for
neutral treatment, the pH value of porous concrete showed appropriate pH levels (less than 9.5) in all mixtures
for planting at 28 curing days.
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|. Introduction tures, civil engineering, and architectural structures,
including roads, railways, harbors, and water supply

Although concrete has contributed to the econo- and drainage, it has had a negative impact on
mic and cultural development of social infrastruc~ the environment destroying forests, nature, and

disturbing the natural habitation of animals and

) ) ) ) ) plants while pursuing its ultimate. Therefore, con-
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conducted on the use of bottom ash and sewer
sediment, recycling of fly ash and waste paint,
and substitution of slag to suppress the discharge
of COs, a major factor contributing to global war-
ming, and reduce environmental loads in the pro-
duction of cement>'?

In particular, studies on planting concrete have
become important regarding the void of porous
concrete used in planting, water retention insulators
used to supply water and nutrients, and soil dre—
ssing on concrete used to aid seed development.

In addition, rice husk produced in the hulling
of rice is approximately 900,000 tons per year,
but has only been considered an agricultural by-
product. The internal and external skin of rice
husk is densely covered with silica and can be
used as a high value added product. The major
element of rice husk ash produced at a specific
temperature is composed of SiO; and is similar to
the silica fume used as content agent. There—
fore, rice husk ash may be used as a substitu—
tion material for content agents to develop high
performance concrete of high strength and high
durability (Sung et al., 1996).

Park et al. showed that the compressive strength
of concrete with optimum content ratio of rice
husk ash was 11~ 20% higher than normal con-
crete and optimum content ratio of rice husk ash
was 10%, 10% and 5% of cement weight at the
unit cement contents 400 kg/m®, 500 kg/m® and
600 kg/ms. respectively. Also, The resistance of
concrete with rice husk ash that contain air con-
tent 4~7% for freezing and thawing had high
durability factor in both cases of steam curing
and standard curing.”)

Thus, it is necessary to conduct further research
in order to increase incomes in the agricultural
industry.zg)

This study developed porous concrete that uses
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rice husk ash as a substitution material for ad-
mixture agents and investigated the various charac-
teristics of this concrete, such as hydration, po-
rosity, compressive strength, flexural strength, and
pH, according to the aggregate size and content
ratio of rice husk ash. In addition, this study in-
troduces practical information on how to apply
this concrete as planting concrete blocks to pro-
tect inclined planes.

[l. Materials and methods

1. Materials

The cement used in this study was a regular
product of Portland cement by S Company in
Korea, guaranteed by the KS F 5201. Crushed
stone was used as a coarse aggregate. After burn—
ing rice husk, rice husk ash was converted into
particles. In addition, a high performance water
reducing agent applied to increase the strength
of porous concrete and guarantee fluidity. Further—
more, ammonium biphosphate [(NHg), HPO4, purity:
99.1%, pH: 8.14] was used as a neutralization
agent in order to suppress the leaching of alkali
from porous concrete.

Tables 1, 2, 3 and 4 show the physical and
chemical characteristics of these components.

Table 1 Chemical compositions of normal Portland
cement (unit: %)

Si02 | AlO; | CaO | MgO | SOs | KoO | NaO | FeyOs

21.09 | 484 | 6385 | 332 | 3.09 | 1.13 | 029 | 2.39

Table 2 Physical properties of coarse aggregate

Size Specific | Absorption|Fineness Unit
(mm) lgravity 0C) % | modulus |weight (kg/m’)

Coarse |5~10] 257 264 | 664 | 1457
ageregate10~20] 2.4 258 | 632 | 1443

ftem

=533 =23 44949 A3, 2007



Kim, Young Ik - Sung, Chan Yong

Table 3 Physical properties of rice husk ash

ngr’iiﬁ‘; Unit weight | Blain Crain size (um)
3 2
(20C) (kg/m) | (cm72) |90% pass|50% pass | 10% pass

2.32 412 3,888 88.3 17.9 0.9

Table 4 Chemical compositions of rice husk ash

Si0; | Cad | MgO | KoO | NagO | AlOs | Fex03 | SO; |lg.loss

82.50 1 0.90 | 0.50 | 1.40 { 0.10 | 0.20 | 0.10 | 0.10| 9.20

2. Mixture design and fabrication

The mixture of porous concrete for planting is
necessary to secure a suitable void size and con—
tinuous void ratio to take root in the concrete
in order to grow various plants. Thus, the mixture
design was configured to a compressive strength
of 6~10 MPa and void of 25~ 40% in 28 cur—
ing days.

The unit amounnt of binder was defined as
260 kg/cm® and an aggregate size of 5~ 10 mm
and 10~20 mm was prepared to grow various
plants in porous concrete blocks. In addition,
0%, 5%, 10%, and 15% ratios of rice husk ash
were used regarding the weight of the cement in
order to improve the strength of the concrete
using this agriculture by-product.

High performance water reducing agent was
used to increase the strength and guarantee fluidity

of the concrete. Table 5 shows the mixture de-
sign in this case.

The porous concrete was fabricated based on
the KS F 2405 compressive strength of a con-
crete test method by applying a mixture process
where thick aggregates, cement, and rice husk
ash were applied and mixed for 30 seconds to
perform dry mixing. Then, a water and high per-
formance water reducing agent were applied to
this mixture, mixed for 1 minute, and hardened
with vibrations for 30 seconds after placing it
into a mold. The mixture was cured in a curing
box (temperature: 21°C, moisture: 96£2%) for
24 hours and was separated to place it in water
(21°C) for a specific number of hours. Specimens
prepared in a surface dried saturated state were
steeped in a 10% of ammonium biphosphate solu-
tion for 10 minutes in order to prevent the lea-
ching of alkali from porous concrete. Furthermore,
the neutralization treatment time was applied
over four different curing periods of 1 day, 6
days, 13 days, and 24 days, to measure the change
in pH according to the neutralization time.

3. Test methods

An SEM (scanning electronic microscope) projects
electron beams onto the surface of a specimen

Table 5 Mixture design of porous concrete using rice husk ash for planting

Series Mix ag;ir;;e Cement Crushed }ill Zi W W/B Water reducing
type sive (mm) aggregate ash (%) agent
RPCO 260.0 1,963 0 52.0 20 2.60
Series RPC5 10 2%7.0 1,963 13 52.0 20 2.86
I-1 RPC10 234.0 1,963 26 57.2 22 3.38
RPC15 221.0 1,963 39 62.4 24 3.90
RPCO 260.0 1,984 0 52.0 20 2.60
Series RPC5 10~20 247.0 1,984 13 52.0 20 2.86
-2 RPC10 2340 1,984 26 57.2 22 3.38
RPC15 221.0 1,984 39 62.4 24 3.90
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to detect various signals from the specimen and
can be applied to obtain information on the type
and structure of a target object. Mortar was
fabricated to analyze the characteristics of hydra-
tion according to the content ratio of rice husk
ash in which the specimen, which was cut in
the 28 curing day, and was measured at a magni-
fication of 5,000 using an SEM. An XRD is a
device that determines the crystal structure of
minerals or solid objects and analyzes the crystal-
linity of atomic orientation using their crystal
structures. In addition, it quantitatively analyzes
the composition ratio of such objects. In order
to analyze the material produced due to hydra-
tion in relation to the content ratio of rice husk
ash, cement mortar was fabricated. Void ratio
tests were applied using a p10X20 cm specimen
based on the void test method of porous con-
crete defined by the Eco Concrete Research Com-
mittee of the Japan Concrete Institute. The

following equation was used in these tests.
P = {1 _V_VZ___WI}X 100
14

where F, is the void of concrete (%), W is the
weight of the specimen in water (g), W is the
weight of the air-dried curing specimen (g), and
V is the volume of the specimen (cm).

Compressive strength tests were applied based
on the KS F 2405 compressive concrete strength
test method using a ¢7.5X15 cm specimen, which
was cured for 7 and 28 days. Flexural strength
tests were applied based on the KS F 2408
flexural concrete strength test method using a
6X6X24 cm specimen, which was cured for 7
and 28 days. Furthermore, pH tests were applied
using a 5X5X5 c¢m specimen that was steeped in
distilled water for 1 day and was five times lager
than the volume of the specimen. The device used
in these pH tests consisted of glass electrodes
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and comparative electrodes.

[ll. Results and Discussions

1. Microstructure of cement mortar by SEM

SEM were applied to analyze characteristics
of hydration according to 0%, 5%, 10%, and 15%
content ratio of rice husk ash for the weight of
cement. Photo 1(a) illustrates the microstructure
of cement mortar without rice husk ash. Accor-
ding to the results from the hydration process,
the microstructure of cement mortar indicated a
large formation of ettringite and C-S~H hydrates
along with the presence of calcium hydroxide that
was processed in hydration.

Photo 1(b) shows the microstructure of cement
mortar with a 5% content ratio of rice husk ash
for the weight of cement. According to the results
from the hydration process, high levels of C-S-H
hydrates and ettringite were present due to SiOp
in the applied rice husk ash. In addition, some
the microstructure of cement mortar remained in
a non-hydration state in cement paste.

Photo 1(c) shows the microstructure of cement
mortar with a 10% content ratio of rice husk ash
for the weight of cement. According to the results
from the hydration process, high levels of C-S-H
hydrates and ettringite were present due to SiO;
of rice husk ash compared to mortar without rice
husk ash. In addition, some the microstructure
of cement mortar demonstrated some porosity and
remained in a non-hydration state due to the in-
crease in the mixing ratio of water and cement.

Photo 1(d) shows the microstructure of cement
mortar with a 15% rice husk ash content for the
weight of cement. According to the results from
the hydration process, high levels of C-S-H hy-
drates and ettringite were present due to the
large amount of rice husk ash. In addition, some
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(a) 0%

(b) 5%

(c) 10%

(@) 15%

Photo 1 Microstructure of cement mortar with content ratio of rice husk ash by SEM

of the microstructure of cement mortar remained
in a non-hydration state and were present in
internal porosity due to the increase in the mix-
ing ratio of water and cement.>”

2. Hydration analysis by X-ray diffraction

X-ray diffraction tests were applied to analyze
the production of hydrates in cement paste for
28 curing days according to the content ratio
of rice husk ash. Fig. 1(a) and (b) illustrate the
results of the XRD of cement and rice husk ash.

According to the results of the XRD of cement,
it was evident that various components, such as
Si0 and Ca0O, existed. Furthermore, according
to the results of the XRD of rice husk ash, the
SiO; element was observed as a major component

due to a peak that registered approximately 26
=20~ 25°.

Fig. 1(c)~ (f) illustrate the results of the XRD
of cement mortar with a 0%, 5%, 10%, and
15% content ratio of rice husk ash.

According to the results of the XRD test of
cement mortar in connection with the content
ratio of rice husk ash, cement mortar with a
5% and 10% rice husk ash mixture demon-
strated higher peaks of approximately 28 = 15~
20° and 26 = 30~ 35°, respectively. This showed
that a large amount of calcium hydroxide and
calcium carbonate that significantly affected hydra-
tion was present in these mortars.®? However,
cement mortar with a 15% content ratio of rice
husk ash represented a small amount of calcium
hydroxide and calcium carbonate compared to
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Fig. 1 XRD of cement mortar with content ratio of rice husk ash and cement

that of mortar without rice husk ash.

3. Void ratio

The most important factor in developing porous
concrete used for planting purposes is to form
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continuous porosity to settle roots in the ground

rapidly. Porosity for planting must be distributed

diversely to settle roots in various positions and

form a continuous linear orientation. In addition,

porous concrete should be fabricated to include

proper void ratio and continuous void in order
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. . 7
to germinate and grow various plants. 10

Furthermore, it is important to guarantee void
that is suitable for the environment where concrete
is to be used because the void size and void
ratio of planting concrete play an important role
in the strength of concrete.”

Fig. 2 shows void ratio according to the aggre-
gate size and content ratio of rice husk ash.
For an aggregate size of 5~10 mm, the void
ratio of porous concrete with rice husk ash
was approximately 26.2~31.3% and decreased
with increasing content ratio of rice husk ash.
In addition, the porosity of porous concrete with
content of rice husk ash decreased compared
to porous concrete without rice husk ash regis-
tering a porosity of 33.6%. This was because
rice husk ash having a higher degree of powder
than cement However, it was evident that the
porous concrete exceeded target porosity of porous
concrete in all mixtures and therefore considered
optimal for planting and growing.

For an aggregate size of 10~20 mm, the
porosity of porous concrete with rice husk ash
was approximately 29.4~34.2% and decreased
with increasing the content ratio of rice husk ash.
In addition, the porosity of porous concrete with
content of rice husk ash decreased compared
to porous concrete without rice husk ash registe-
ring a porosity of 36.4%.

Furthermore, although porous concrete with a
5~10 mm aggregate exceeded target porosity,
it was considered ideal for use with plants that
have thin and long roots due to their small aper-
ture. Moreover, because the aperture size and
porosity of the porous concrete with a 10~ 20
mm aggregate performed better than porous con-
crete with a 5~10 mm aggregate, it was
considered ideal for use with plants that have
thick roots, such as bush clovers.

Void ratio (%)
8

54 ~--5-10mm
: ~@— 10-20mm
0 [ T S T
0 5 10 15

Rice husk ash content (%)
Fig. 2 Void ratio for Rice husk ash content

4, Compressive strength

The compressive strength of porous concrete
used for planting purposes is significantly related
to void size and void ratio.

Generally, Normal concrete revealed strength
due to the adhesive force between cement pastes
and aggregates. However, regarding porous con-
crete, a degree of contact in cement paste sheaths
significantly affected the generation of compre-
ssive strength because the cement paste that
formed the sheath of aggregate used in porous
concrete generated strength based on the contact
between coarse aggregates.

Fig. 3 illustrates the compressive strength of
porous concrete according to aggregate size and
content ratio of rice husk ash.

For an aggregate size of 5~ 10 mm, the com-
pressive strength of porous concrete with rice
husk ash was approximately 5.8~8.3 MPa at 7
curing days. The compressive strength of porous
concrete with a 5% and 10% content ratio of
rice husk ash slightly increased compared to
concrete without rice husk ash registered at 7.2
MPa. In addition, the compressive strength of
porous concrete with rice husk ash was approxi-
mately 7.9~ 10.2 MPa at 28 curing days.
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For an aggregate size of 10~ 20 mm, the com-
pressive strength of planting concrete with con-
tent of rice husk ash at 7 and 28 curing days
was approximately 3.7~6.2 MPa and 4.9~6.8
MPa, respectively.s)

According to the results of the XRD and SEM
tests, the SiOq that was a major chemical element
of rice husk ash generated a large amount of
calcium hydroxide in the early stage of the hydra-
tion process of cement leading to the formation
of ettringite. Thus, strength generation was achieved

on a large scale,*¥

5. Flexural strength

Fig. 4 shows the flexural strength of porous
concrete according to the aggregate size and con-
tent ratio of rice husk ash.

For an aggregate size of 5~ 10 mm, the fle-
xural strength of porous concrete with rice husk
ash was approximately 1.3~2.3 MPa at 7 curing
days. The flexural of porous concrete with a
5% and 10% content ratio of rice husk ash such
as compressive strength slightly increased compared
to concrete without rice husk ash registered at
1.8 MPa.
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Fig. 4 Flexural strength for Rice husk ashcontent

In addition, the flexural strength of porous con-
crete with rice husk ash was approximately 2.1~
2.9 MPa at 28 curing days. Likewise, the flexu-
ral strength of porous concrete with a 5% and 10%
content ratio of rice husk ash slightly increased
compared to concrete without rice husk ash. Po-
rous concrete with a 5% content ratio of rice husk
ash demonstrated the greatest flexural strength.4'5)

For an aggregate size of 10~20 mm, the flexural
strength of planting concrete with rice husk ash
at 7 and 28 curing days was approximately 0.7~
1.6 MPa and 0.9~ 1.8 MPa, respectively.

6. pH

Generally, hydrogen ion concentration in a
solution is measured to identify either acidity or
alkalinity. The value of concentration is expre-
ssed as a number between 1 and 14 by conver-
ting it into pH because hydrogen ion concentra-
tion registers large differences according to the
type of solution. If pH values are less than 7, it
is recognized as acidity. Conversely, if pH values
are more than 7, it is recognized as alkalinity.

Although the pH value applied in planting is
different according to the type of plants, pH
levels are widely regarded as sufficient when
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5~ 8(maximum 9.5). In addition, it is important
to reduce the leaching alkali concentration in
planting in order to increase the germination rate
in the early stage of growth and aid the growth
of roots.

Porous concrete generates polybasic using the
hydrogen ion included in the calcium hydroxide
(Ca(OH)y) generated in the hydration process there-
fore registering high pH of approximately 10~
13 inhibiting growth unless employing special
treatment.

Therefore, ammonium biphosphate was used to
apply a neutral treatment in order to reduce the
value of pH in porous concrete.

For an aggregate size of 5~10 mm, the pH
value of porous concrete with rice husk ash was
approximately 9.36~9.59 at 28 curing days
with no neutral treatment. The pH value of porous
concrete without rice husk ash was 9.68 represen-
ting a slight change in the pH value.

In the case of water curing with no neutral
treatment, it was evident that the pH value con-
tinuously decreased to a specific level because
the calcium hydroxide ion generated during hydra-
tion decomposed and continuously leached due
to water molecules.

Furthermore, although the pH value of rice
husk ash itself showed lower pH levels (7~ 7.5)
than average cement (12.5~13.5), pH values were
low in spite of the decrease in the amount of
cement because a large amount of calcium hydro-
xide was generated due to active hydration with
cement in the hardening process of cement paste.”

The pH values for porous concrete with rice
husk ash for a neutral treatment time of 1 day,
6 days, 13 days, and 20 days were 8.84~9.12,
8.86~9.12, 9.08~9.23, and 9.12~9.22, respec-
tively, after 28 curing days. In addition, pH values
of porous concrete without rice husk ash for a

neutral treatment time were 9.15, 9.17, 9.28, and
9.37, respectively. This showed that the pH value
of porous concrete with rice husk ash slightly
decreased.

For neutral treatment time performed for 1
curing day, the pH value significantly decreased
with increasing curing days. In addition, the pH
value rapidly decreased immediately after neutral
treatment. Then, it gradually increased and decreased
again after 14 days. However, the pH value was
nearly the same regardless of neutral treatment
time in 28 curing days.

Therefore, the results obtained in this test can
be used to estimate the most appropriate planting
time in porous concrete for planting application.

[V. Conclusions

This study developed porous concrete with
content of rice husk ash produced as an agri-
cultural by-product and investigated various charac-
teristics, such as void, compressive and flexural
strengths, and pH, according to the content ratio
of rice husk ash, aggregate size, and neutral time
using an SEM and XRD. The results of this
study can be summarized as follows:

1) The SEM results for cement mortar with a
5% rice husk ash for the weight of cement
formed more C-S-H hydrates due to the SiO:
present in the applied rice husk ash. In the
XRD test, cement mortar with a 5% rice husk
ash for the weight of cement registered a higher
peak point of approximately 20 =20~ 25° com-
pared to cement mortar without rice husk ash.

2) For content ratio of rice husk ash at 28
curing days and an aggregate size of 5~ 10 mm
and 10~20 mm, the void ratio of porous con-
crete was approximately 26.2~31.3% and 29.4~
34.2%, respectively.

Journal of the Korean Society of Agricultural Engineers, 49(3), 2007. 5 59



Hydration, Strength and pH Properties of Porous Concrete Using Rice Husk Ash

3) According to the content ratio of rice husk
ash, the compressive strength of porous concrete
for an aggregate size of 5~ 10 mm after 7 and
28 curing days was 5.8~83 MPa and 7.9~
10.2 MPa, respectively. In addition, for an aggre~-
gate size of 10~20 mm, compressive strength
of porous concrete was 3.7~6.2 MPa and 4.9~
6.8 MPa, respectively.

4) According to the content ratio of rice husk
ash for an aggregate size of 5~10mm after 7
and 28 curing days, the flexural strength of
porous concrete was 1.3~2.3 MPa and 2.1~
2.9 MPa, respectively. In addition, for an aggre-~
gate size of 10~20 mm, flexural strength of
porous concrete was 0.7~1.6 MPa and 0.9~
1.8 MPa, respectively.

5) Porous concrete with a 5% content of rice
husk ash showed the highest compressive and
flexural strength. In addition, porous concrete with
content ratio of rice husk ash less than 10%
demonstrated higher strength levels than concrete
without rice husk ash.

6) For neutral treatment, the pH value of porous
concrete showed appropriate pH levels (less than
9.5) in all mixtures for planting at 28 curing
days.
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