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Abstract: The goal of this study was to determine the coefficient of permeability as well as the
rate of carbonation of concrete constructed with rice husk ash (RHA) as a partial replacement for
cement (i.e., 5%, 10%, and 15%) and two different concentrations of soap solutions (i.e., 1 percent
and 2 percent). The microstructural studies of RHA, and carbonated samples have been conducted
by using Scanning Electron Microscope (SEM) and X-Ray Diffraction (XRD) analysis. According to
this study, the carbonation depth of concrete made with 1% and 2% soap solution concentration and
without rice husk ash decreased by 11.89% and 46.55%, respectively. From the results, it may also
be observed that the carbonation depth of concrete made with up to 10% replacement of cement by
rice husk ash led to maximum carbonation resistance, while more than 10% replacement of cement
showed higher carbonation depth. It is also observed that the coefficient of permeability of concrete
with 2% soap solution significantly decreased as compared to the 1% soap solution and control mix.
It may be observed from the SEM images that 0% soap solution (M1) concrete has a very rough
concrete surface which may indicate more voids. However, 2% soap solution concrete has a much
smoother surface, which indicates a smaller number of voids. Furthermore, the SEM images showed
that the soap solution helps in filling the voids of concrete which ultimately helps in reduction
in permeability. Energy Dispersive X-Ray Analysis (EDX) of concrete with 0% (M1) and 2% (M6)
soap solution disclosed that the concrete with 2% soap solution (M6) exhibited more silica element
formation than the concrete with no soap solution (M1).

Keywords: rice husk ash; soap solution; carbonation; permeability; SEM; EDX

1. Introduction

Durability is one of the important parameters that must be taken into consideration
during the construction of reinforced concrete (RC) structures. The permeability and carbon-
ation of concrete are the two major parameters that lead to the corrosion of reinforcement in
RC structures. These days, the world is more concerned about reducing the generation of
CO, gas as the production of one ton of cement produces one ton of CO; gas [1]. Utilization
of mineral admixtures in making concrete is known to enhance the durability property of
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the RC structures [2]. In contrast, when CO, gas from air reacts with Ca(OH); in concrete
and form calcium carbonate, this process is called carbonation [3]. Because of carbonation
the alkalinity of the pore water decreases which increases the rate of corrosion in steel
reinforcement. Carbonation is also an important factor in terms of the durability of concrete.
Carbonation has no impact on the mechanical properties of concrete but it reduces the pH
of concrete which leads to initiation of corrosion of steel reinforcement [2]. In carbonation,
CO; converts free lime into CaCO3 and water thereby reducing the pH. Carbonation occurs
in concrete because the calcium bearing phases present are attacked by carbon dioxide of
the air and converted to calcium carbonate. When the pH of concrete is reduced to about 9
or below, the passive layer of the steel reinforcement is destroyed and corrosion of the steel
takes place [3].

Rice husk ash is an industrial waste of the rice industry and dumping of RHA is also
a major problem for the industry. The partial replacement of cement by RHA reduces
the dependency on cement as RHA is a rich source of silica. It also helps in reducing
the problem of RHA dumping [4]. When paddy is processed in rice mills, about 78% of
rice is the final produce while the remaining 22% is perceived as husk. The burning of
husk produces about 25% of husk ash by weight [5]. The particle size of RHA also has
a major impact on the mechanical properties of concrete [3-5]. Habeeb and Fayyadh [6]
had investigated the influence of RHA average particle size on properties of concrete and
they observed that at early ages the strength was comparable, while at the age of 28 days,
the finer RHA with size less than 90 micron exhibited higher strength than the sample
with coarser RHA. Cement paste contains 25-50 wt% calcium hydroxide (Ca(OH);), which
results in the pH 12.5 for fresh concrete [7,8]. Concrete without voids is very difficult to
prepare. Mario C. Lombardo et al. [9] had prepared a waterproof concrete and mortar,
and suggested that waterproofing can be achieved by use of micro particles in concrete
mixtures which may fill the voids inside the concrete.

Ozturk et al. [10] revealed that the use of RHA as well as other pozzolanic compounds
may reduce CO, emissions by 25% while increasing cost efficiency by 65% throughout the
concrete manufacturing process. The study’s results show that building practices have
become more environmentally friendly, and also point to potential new avenues for RHA’s
waste management.

Vishavkarma and Harish [11] have checked the influence of RHA on the chloride
permeability, water absorption, and permeable pore space of cementitious mortar. They
observed that as RHA content increased in the mortar, permeability, water absorption, and
permeable pore spaces reduced whereas compressive strength enhanced. Water absorption
and permeable pore space were found to have a strong correlation, as well as permeable
pore space and the amount of charge that was allowed to flow through.

According to Abdila et al. [12] the use of fly ash and ground granulated blast furnace
slag (GGBFS) geopolymers can support soil stabilization through improving strength. A
previous study solely employd fly ash or GGBFS; however, the strength value did not
exceed the ASTM D 4609 (<0.8 MPa) criterion for soil-stabilization in road construction
applications. A UCS test on stabilized soil samples was described. The article concludes
that GGBFS and fly-ash-based geo-polymers may be utilized to stabilize soil.

Amin MN et al. [13] stated that reducing cement demand and preserving natural
resources will be achieved by using RHA as a replacement for fine aggregate and cement
in the construction industry, which will result in green building. More research is needed
before RHA's efficacy may be expanded for the bulk of its uses. Mareike et al. [14] observed
that concrete made with RHA performed better against durability parameters namely,
carbonation resistance and capillary suction mainly due to the dense matrix formed by
RHA and cement.

Edward Scripture et al. [15] had prepared a composition for waterproof concrete and
mortar. According to them, concrete can made waterproof by two different methods. The
first method involves only small amount of water, which is required for hydration purpose,
which is practically not very difficult to achieve. In the second method, the voids have
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been filled by the extra water in the concrete. They used a water repellent agent with
cement during the preparation of the concrete mix, and assumed that these water repellent
agents deposited either in voids or near the voids. In a later stage, the voids repel the water
which comes into the concrete through capillary action because water repellent agents are
present which do not allow the water to enter. They used steric acid as water repellent
agent. They also suggested that soap solution or different fatty acids could also be used
as they have similar properties to that of steric acid. Khanna [16] has also suggested that
soap solution may be used as waterproofing. Therefore, in the present work a study has
been carried out to study carbonation and permeability of concrete made with different
concentrations of soap solution and rice husk content. Locally available fatty acid soap was
used for preparation of soap solution having the property to attach itself with dust and
make a hydrophobic condition around the particle. Concrete prepared with soap solution
as hydrophobic agent and finely divided filler material (rice husk ash) as stuffing can make
the concrete waterproof.

In this paper, the problem of carbonation has been tackled by replacing the cement
with RHA at different concentrations of the soap solution. The effect of replacement of
cement by RHA at different soap solution concentrations on the compressive strength of
concrete structure was studied. The effect on carbonation and permeability of concrete
structure also been discussed in this paper at different concentrations of soap solution and
at different ratios of RHA.

2. Materials and Methods
2.1. Material Used

The ordinary Portland cement (43 grade) cement was used, satisfying Indian standards
IS: 8112-1989 [17]. Soaps are water soluble sodium or potassium salts of fatty acids. Fatty
acids are merely carboxylic acid with long hydro carbon chains [6]. Soap used in this
project is produced locally and its classification is given in Table 1. This soap was used
with normal water in different concentrations in this research work. Rice husk ash was
taken from the local rice industry in dry condition. EDX analysis was done on rice husk
ash as shown in Figure 1 and the results of EDX analysis are presented in Table 2. The rice
husk ash of particle size passing through a 300-micron sieve was used. The SEM image of
rice husk ash is shown in Figure 2. The zone II fine aggregates and coarse aggregate with
mean size of aggregate (MSA) 20 mm was used in the present work which is as per Indian
standard IS 383 [13]. The nature of the used aggregates is quartz. The sieve analysis had
been performed to separate the zone II fine aggregates. The specific gravity of fine and
coarse aggregate was 2.61 and 2.67 respectively, which was measured by pycnometer in the
laboratory.

Table 1. Chemical classification of soap.

Free Fatty Acid as
PH Moisture Oleic Acid Chlorides
(C18H3405)

11.5 9.3% 37.2% 0.3% 37% 7.2%

Alcohol Total Alkalinity
Insoluble as NaOH
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Figure 1. EDX analysis graph of RHA.
Table 2. Elemental analysis of RHA.
Element Weight% Atomic%
O 34.07 48.47
Na 0.13 0.13
Mg 1.39 1.30
Al 1.21 1.02
Si 51.61 41.82
P 4.27 3.14
K 3.70 2.15
Ca 3.09 1.76
Fe 0.53 0.22

: 400pm ' Electron Image 1

Figure 2. SEM Image of RHA.

2.2. Preparation of Sample and Test Procedure

Mix design as per IS 10262:2009 [18] of M20 grade concrete with W/C ratio 0.5, cement
content 320 kg/m3, fine aggregate 732.94 kg/m> and coarse aggregate 1223.34 kg/m3 was



Materials 2022, 15, 6149

5o0f 14

used. Concrete cubes of size 150 x 150 x 150 mm were prepared with three replicates for
two concentrations of soap solution (i.e., 1% and 2% by weight) and different replacement
levels of rice husk ash in place of cement (i.e., 0%, 5%, 10% and 15% by weight). Soap
solution of concentration 1% and 2% was prepared by weight with pH value 12.

The slump value of the concrete was kept between 50 mm to 65 mm using suitable
doses of MasterGlenium ACE 30 super plasticizer [19], which is 0.85% of binder weight

2.3. Methods
2.3.1. Carbonation Test

Concrete cubes were taken out from the curing tank at the age of 7 and 28 days and
compressive strength of the cube was tested for each set as per IS 516:1959 [20]. After 28 days
moist curing, the remaining cubes were kept in laboratory condition for 14 days before
carbonation and permeability testing. After 14-day laboratory conditioning, the concrete
cube was kept in an accelerated carbonation environment as per EN code [21]. Accelerated
carbonation environment was maintained with carbon dioxide concentration = 4% = 0.5%,
RH = 55 + 5% and temperature = 20 °C. The CO; cylinder was attached to the carbonation
chamber. After 70 days of accelerated carbonation exposure, carbonation depth on each
concrete cube was measured by splitting the cube into two halves and spraying the 1N
phenolphthalein indicator on the new split surface. This indicator changed the color of the
uncarbonated part to dark pink whereas the carbonated part was colorless. The carbonation
rate coefficient was calculated from the results of carbonation depth using the square root
equation as given in Equation (1).

x=kVt 1)

where “x” is depth of carbonation, ‘t’ is time of accelerated carbonation exposure and ‘%’ is
carbonation rate coefficient.

2.3.2. Permeability Test

The permeability of the concrete cubes was also measured at the age of 42 days (28 days
moist curing followed by 14 days laboratory conditioning) [22]. As per the guidelines given
in IS code 3085 (1965), the flow of water through the concrete in saturated conditions was
achieved thereafter, measuring the amount water collected for a particular interval of time.
Coefficient of permeability was then calculated by using formula as:

Q
— 2
AxTx % @
where k is coefficient of permeability, Q is discharge in ml, A is area of specimen, T is time
in sec, H is head of water and L is length of specimen.

3. Result and Discussions

Compressive strengths of different mixes at 7th and 28th day for 1% and 2% soap
solution and different percentages of rice husk ash are given in Table 3. From Table 3, it
is observed that with an increase in replacement of cement by RHA (passed through a
300-micron sieve). the compressive strength decreased irrespective of the concentration of
soap solution. From Table 3, it is also observed that the compressive strength of concrete
made with 1 percent soap solution is higher than the concrete made with 2 percent soap, for
all percentage replacements of cement with RHA. Further, it is observed from Table 3 that
the 28 days compressive strength of concrete made with 1% soap solution and without rice
husk ash was 8.4% less as compared to concrete made without soap solution and without
rice husk [23-26]. Similarly, from Table 4, it is also observed that the 28 days compressive
strength of concrete made with 2 % soap solution and without rice husk ash is 15% less
compared to that made without soap solution and without rice husk. The percentage
decreases in 28 days compressive strength of concrete made with different percentage of
rice husk ash, i.e., 5%, 10% and 15% as compared to that made with 1% soap solution
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and without rice husk ash, are 6.38%, 9.28% and 25.87% respectively [27-29]. Similarly,
the percentage decrease in 28 days compressive strength of concrete made with different
percentages of rice husk ash, i.e., 5%, 10% and 15%, compared to that made with 2% soap
solution and without rice husk ash are 3.22%, 15.15% and 24.22%, respectively [30-34].
Hence, it is clear that replacement of cement up to 10% by rice husk ash has no significant
effect on compressive strength of concrete irrespective of soap solution concentration
for 7 and 28 days. Results of 7 days and 28 days compressive strength of concrete are
plotted against percentage of rice husk ash for 1% and 2% soap solution and are shown in
Figures 3 and 4.

Table 3. Different composition of concrete mixes.

Concrete Mix Soap Solution Concentration RHA Percentage
M1 0 0
M2 1 0
M3 1 5
M4 1 10
M5 1 15
M6 2 0
M7 2 5
M8 2 10
M9 2 15

Compressive strength vs RHA for 1% soap solution

28 +
26 +
24 ¢
22 ¢
20 +
18
16 +
14
12 ¢

—&— 7 days

—i— 28 days

Compressive strength in N/mm?

RHA percentage

Figure 3. Graph between compressive strength and RHA for 1 % soap solution.
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Compressive strength vs RHA for 2 % soap solution
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Figure 4. Graph between compressive strength and RHA for 2 % soap solution.
Table 4. Carbonation depth, carbonation rate coefficient and coefficient of permeability of different
concrete mixes.

Concrete Soap Solution RHA Carbonation Carbonation Rate Coefficient of
Mix Concentration Percentage Depth mm Coefficient (K) mm/days®>  Permeability m/s
M1 0 0 11.6 1.38 29 x 1071
M2 1 0 10.22 122 28 x 10711
M3 1 5 09.86 1.17 39 x 1071
M4 1 10 09.64 115 3.7 x 10711
M5 1 15 12.68 1.52 3.8 x 1011
M6 2 0 6.2 0.74 41 x 10712
M7 2 5 5.18 0.62 43 x 10712
M8 2 10 4.78 0.57 41x 10712
M9 2 15 13.25 1.58 42 x 10712

The carbonation depth of the concrete made with all mix combinations were deter-
mined at the accelerated carbonation exposure age of 70 days through spraying phenolph-
thalein solution on the split surface as depicted in Figure 5. The result of carbonation
depth and coefficient of permeability of all concrete mixes are presented in Table 4. The
coefficient of permeability of concrete for all mix combinations was calculated from the
amount of water collected for a particular interval of time after attaining saturated flow
at pressure 8 kg/cm?. The carbonation rate coefficient was calculated using square root
formulae. From Table 4, it is observed that carbonation depth of the concrete made with
soap solution concentration (i.e., 1% and 2%) decreases to that of concrete made without
soap solution. The carbonation depth of concrete made with 1% and 2% soap solution
concentration decreased 1 by 1.89% and 46.55%, respectively, compared to that of concrete
made without soap solution [35-42]. Further, from Table 4, it is also observed that the
change in the carbonation depth of concrete made with partial replacement of cement by dif-
ferent percentages of RHA, i.e., 5%, 10% and 15%, compared to that of concrete made with
1% and 2% soap solution concentration and without RHA are 4.09% and 5.73%, —24.59%
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and 16.2%, and 22.9% and —113.51%, respectively. A plot made between carbonation rate
coefficient of concrete versus different percentage RHA for 1 and 2 percent of soap solution
is shown in Figure 6. From Figure 6, it is observed that the carbonation rate coefficient of
concrete decreases with increase in replacement percentage of cement by RHA up to 10%,
irrespective of soap solution concentration [35-49]. Further, more than 10% replacement of
cement by RHA results increase in the carbonation rate coefficient of concrete irrespective
of soap solution concentration, as shown in Figure 6.

Relationship between compressive strength and
carbonation depth

30 +
29 +
28 +
27 +

26 +

25 4
y = -2.4125x2 + 52.436x - 256.12
24 |

23 +

22 +

compressive strength in N/mm?

21 +

20 } } } } } } } |
9 9.5 10 10.5 11 11.5 12 12.5 13
carbonation depth in mm

Figure 5. Relationship between compressive strength and carbonation depth.

The coefficients of permeability of concrete mixes M2 and M6 are 3.44% and 85.86%
compared to that of concrete M1, respectively. From Table 4, it is also observed that
the coefficient of permeability of concrete for 1% soap solution increases with increasing
percentage of rice hush ash content. It is also observed from Table 4 that the coefficient
of permeability of concrete for 2% soap solution significantly decreases with increasing
percentage of rice hush ash content. Further, from Table 4, it is also observed that the change
in the coefficient of permeability of concrete made with partial replacement of cement by
different percentages of RHA of 5%, 10% and 15%, compared to that concrete made with
1% and 2% soap solution concentration and without RHA, are —34.48%, —27.58% and
—31.03%, and 85.17%, 85.86% and 85.51%, respectively [50-54]. It is observed that the
coefficient of permeability of concrete with 1% soap solution showed negligible change
whereas the coefficient of permeability of concrete with 2% soap solution was reduced by
85.86% compared to mix M1. The coefficient of permeability of concrete made with 2%
soap solution showed a significant reduction compared to mix M1 and this may be due to
the hydrophobic action of soap solution in concrete which repels the water ingress. The
coefficient of permeability of concrete made with different percentages of RHA (5%, 10%
and 15%) compared to that of concrete made with 1% soap solution shows higher coefficient
of permeability whereas when compared with 2 percent soap solution no significant change
is observed [52-59]. A plot is made between coefficient of permeability of concrete and
different percentage RHA for 1 and 2 percent of soap solution as shown in Figure 7. From
Figure 7, it is observed that the coefficient of permeability of concrete for 2 percent of soap
solution showed negligible change with increasing percentage of RHA content. However,



Materials 2022, 15, 6149

9of 14

the coefficient of permeability of concrete for 1 percent of soap solution increased for
concrete made with 5% RHA content (M3) compared to that made without RHA content
(M2) and beyond 5% RHA content no significant change in coefficient of permeability was
observed.

Carbonation rate coefficient (mm/days %)

18 T

16 T

14 +

Carbonation rate coefficient vs RHA content

0.8 +

\ —4&— 2% soap solution
0.6 +

—@— 1% soap solution

coefficient of permeability in m/sec x1012

04 +
0.2 +
0 t t t t t t t i
0 2 4 6 8 10 12 14 16
RHA content (%)
Figure 6. Carbonation rate coefficient v/s RHA.
Coefficient of permeability vs RHA
45 -

15 +

—i— 1% soap solution

—&— 2 % soap solution

> F —h— —& -4
0 - } } } |
0 5 10 15 20
RHA content (%)

Figure 7. Coefficient of permeability vs. RHA for 1 and 2 percent soap solution.
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The above-mentioned observation may due to the effect of soap solution in concrete
mixture. Soap is a water reducing agent and it makes the cement surface particles hy-
drophilic after absorption. HO-C-H, O-H, COOH, HO-C-C=0 are the different active
groups in the molecule which promote this adsorption. These agents are mainly anionic,
which gives a negative potential to the particles. This results in the orientation of the water
dipole, thus facilitating its mobility due to the prevention of close approach to particles.
Soap also influences the form of crystallization products of hydration, the rate of hydra-
tion and the establishment of a rigid structure in the cement paste. The properties of the
absorbed layer at the surface particle reduces the water content. The water reducing agent
does not change capillary structure but decreases the water binder ratio and gives the
desired flow.

SEM images of M1 and M6 are shown in Figure 8a,b, respectively. When the SEM
image of zero percent soap solution(M1) and 2 percent soap solution(M6) concrete are
observed, it is found that concrete without soap solution has a very rough surface which
may indicate more voids. In contrast, the surface of concrete with 2 percent soap solution is
very much smoother and has much less visible voids. From the permeability result, it is
also found that coefficient of permeability with 2 percent soap solution is very much less
in comparison with 0 percent soap solution. From the observation of SEM images, it can
be said that soap solution helps in filling the voids of concrete which ultimately helps in
reduction in permeability [52-70]. EDX analyses of concrete with 0% (M1) and 2 % (M6)
soap solution are shown in Figures 9 and 10 respectively. From the EDX analysis also, it is
found that the concrete with 2% soap solution (M6) showed more silica element formation
than the concrete with no soap solution (M1) [70-73].

50um 0000 13 41 SEI

Figure 8. (a) SEM image of M1; (b) SEM image of M6.
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Figure 9. EDX analysis of concrete powder with 0% soap solution and RHA.
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Figure 10. EDX analysis of concrete powder with 2% soap solution and RHA.

4. Conclusions

From the result of compressive strength, it is observed up to 10 percent replacement
of cement by rice husk ash showed negligible variation in 28 days compressive strength
compared to that of the control mix irrespective of soap solution concentration. Moreover,
it was found that:

i The 28 days compressive strength of concrete containing 1% and 2% soap solution
decreased by 8.4% and 15% compared to that made without soap solution and RHA.

ii ~ The carbonation depth of concrete made with 1% and 2% soap solution concentration
and without rice husk ash decreased 11.89% and 46.55%, respectively.

iii ~ The carbonation depth of concrete made with up to 10% replacement showed maxi-
mum carbonation resistance, while more than 10% replacement of cement showed
higher carbonation depth.

iv The coefficient of permeability of concrete for 2% soap solution significantly decreased
compared to that 1% soap solution and control mix.

v Increasing the percentage of rice hush ash content has a negligible effect on the
coefficient of permeability of concrete made with 2% soap solution concentration.

vi  From these results, it is concluded that the reduction in coefficient of permeability is
mainly because of the soap solution.

vii  The rice husk ash carbonation depth has been reduced but only up to 10%, and any
further replacement increases the carbonation depth.
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