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Presently, there is a global awareness about the need 
to reduce the utilisation of building materials with high 
energy consumption because of their ecosystem damaging 
eff ects. There have been published detailed reports on their 
perceived contribution to climate change, greenhouse 
gas emission increase and devastating eff ects on the 
environment (Ürge-Vorsatz and Novikova, 2008). Focus 
has shifted to the utilization of wastes from agricultural 
processes on the basis of their environment friendly nature, 
renewability and recyclability traits (Akinyemi et al., 2019a). 
Furthermore, materials made of such wastes provide good 
indoor air quality and thermal comfort for humans; thereby 
they had become sought-after for diff erent building 
purposes (Lima et al., 2016). There are numerous studies 
on utilization of plants or vegetables as reinforcement in 
both cementitious and non-cementitious applications 
in order to improve fl exural strength; post-crack load 
resistance capability; impact toughness; increase bending 
strength; provide good thermal insulation; lower the 
thermal conductivity; etc. (Mueller, 2004; Sair et al., 2018). 
Such plants include hemp; bagasse; bamboo; coconut coir; 
corncob; and rice ashes and husks (Modani and Vyawahare, 
2013; Akinyemi and Omoniyi, 2018a, Akinyemi and Omoniyi, 
2018b, and Akinyemi et al., 2019b). Worldwide production 
of rice stands at over 800 million tonnes with majority of it 
coming from Asia; however, developing nations have lately 
also increased their production level (Onyango, 2014; Matías, 
2019). The husk is a by-product of rice processing and takes 
up to 20% of the rice grain total volume. It is usually burnt 
and used as fuel or sent to landfi lls where it shows negative 
impact on the environment (Liu et al., 2013). However, there 
have been concerted eff orts to acknowledge diff erent 

methods for recycling and reutilization of these wastes 
through their gainful inclusion to the building environment, 
reducing thus their negative impact on the eco-system. Rice 
husk is frequently utilized as thermal insulator in plastic 
composites, as well as in lightweight cement-based building 
materials (Choi et al., 2006; Salas et al., 1986). Numerous 
studies have already been conducted on the use of rice 
husk ashes as replacement for cement. Majority of these 
experiments showed that very low mechanical strengths 
were obtained using it as an aggregate in the mixture 
design. The study by Yuzer et al. (2013) showed that the 
compressive strength varied from 0.7 to 2.5 MPa; Chabannes 
et al. (2014) reported that optimum average compressive 
strength after 60 days was 0.33 MPa. Sutas et al. (2012) 
reported similar results: compressive strength varied from 
0.5 to 5.5 MPa. Investigations on other plant materials used 
as aggregates in concrete showed similar results with low 
mechanical strength performances: from 0.4 to 1.22 MPa 
and from 0.26 to 0.80 MPa for wood crete and 0.5 MPa for 
hemp crete (Aigbomian and Fan, 2014; Arnaud and Gourlay, 
2012). These results do not meet the minimal requirements 
for the materials to be designated as lightweight structural 
material based on the ACI classifi cation; therefore, 
a  supplementary supportive structure is required. In 
majority of aforementioned studies, these weaknesses 
in mechanical strength were taken into account and 
potential solutions were proposed; these include surface 
modifi cation of fi bres through alkaline solution; acidic 
treatment; hot water treatment; coating, dry/wet cycles; 
mechanical (pulping); thermal treatment (pyrolysis); etc. 
All these treatments would reduce the lignin, cellulose 
and hemicellulose in the fi bres by disrupting the hydrogen 
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bonds within the internal network (Benyahia et al., 2013). 
Subsequently, there is an increase in surface roughness 
of the fi bre, which is necessary for proper bonding and 
strength development at the interface of the fi bre-matrix 
(Prompunjai and Sridach, 2010). It is also feasible to improve 
the cement mortar through polymer modifi cation, which 
would result in synchronised action alongside the alkaline 
treatment of the fi bres in order to improve the ultimate 
strength of the composites. The use of polymer modifi cation 
has been studied with excellent results reported in terms 
of enhancement of the mechanical strength of plant fi bre-
reinforced cement mortar and concrete (Yan et al., 2016; 
Ismail et al., 2008). Therefore, this study attempts to develop 
a husk-crete, which is a composite building material made 
of rice chaff s (husks) and polymer modifi ed cement mortars. 
It is expected to conform to the compressive strength given 
by the ACI standard for lightweight structural material and 
show excellent thermal properties.

Rice husk waste preparation and treatment

The rice husk (RH) was sourced from a milling factory in Ekiti 
State (Nigeria) and dried to 2.5% moisture content (db) after 
exposure to the ambient surrounding for one week. The RH 
was sieved at 1.5 mm in order to remove unwanted materials 
and debris, which could aff ect the mixture properties. It has 
an average husk particle ranging from 0.77 to 1.3 mm. It was 
immersed in the diluted sodium hydroxide solution (5% 
conc.) for 2 hours. The mixture was decanted and washed in 
tap water to remove the leached-out chemicals and debris. 
Thereafter, the RH was dried in a ventilated oven at 50 °C 
for 2 hours before it was allowed to cool at the ambient 
temperature at 23 °C.

Cement and polymer additives

Type 1 Portland cement by Dangote Cement Ltd was used. 
The styrene butadiene rubber (SBR) polymer emulsion 
with 50% solid polymer content; pH of 9.2; and viscosity 
of 38–159  mPa·s-1 (supplied by Advanced Concrete 
Technologies Ltd) was used to modify the cement mortar.

Mixture proportion and husk-crete sample 

preparation

Required quantities of cement and sand with ratio of 1  : 3 
were measured and mixed thoroughly for approx. 3 minutes. 

The RH volume varied (1 and 1.5% of the aggregates) while 
the SBR polymer of 10 and 15% (w/w) was used to modify 
the mixture (Table 1). The control sample (mixture A) 
contained 1.5% of RH on the basis of previous investigation 
(Banjo and Micheal, 2016) and was used for comparison 
purposes. Half of the necessary water was used to dilute 
the SBR emulsion for proper mixing with the aggregates 
and mixing was being performed manually for 2 minutes 
until homogenous colour and appearance were attained. 
Thereafter, the remaining water was blended together with 
the rest of constituents for another 3 minutes in order to 
produce slurry. Additional water was added until the desired 
slurry consistency was achieved. The mortar was cast in two 
types of moulds with dimensions 200 × 50 × 5 mm and 50 × 
150 mm for mechanical tests.

Test methods

Flexural strength was observed by testing six specimens 
with dimensions 200 mm (length) × 50 mm (breadth) × 
5 mm (width) after curing in water for 7, 14 and 28 days at 
a loading rate of 1.5 mm·min-1 in compliance with the ASTM 
D1037 (2012) standard. Split tensile tests were conducted 
by testing six cylindrical samples according to the BS EN 
12390-6 (2009) at a loading rate of 1.2 kN·secs-1 after similar 
curing ages. The compressive strength was calculated on 
the basis of relationship between split tensile strength and 
compressive strength as shown in Eq. 1:

  (1)

where:
Ft – split tensile strength
Fc – compressive strength

SEM and EDS analyses were performed using Jeol-7600F 
equipment for micrograph observation, as well as elemental 
compositions of the fractured samples.

Compressive strength

As expected, the compressive strength of control sample 
(mixture A at 1.5% RH) showed the worst performance. 
Generally, the observed trend in the husk-crete was that, at 

Material and methods

Table 1 Experimental mixture design for husk-crete

Components Mixture design

A B C D E

Cement 3 3 3 3 3

Sand 9 9 9 9 9

Treated RH 0.14c 0.10a 0.10a 0.14a 0.14a

SBR polymer – 0.30b 0.45b 0.30b 0.45b

Water:cement 0.40d 0.35d 0.30d 0.35d 0.30d

a – weight of treated RH (kg), b – weight of 0.3% SBR polymer (kg), c – 1.5% RH was used as control (kg), d – water to cement ratios (ml)

Results and discussion

2
0.3( ) (MPa)
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any given fi bre content, there was an 
incremental increase in compressive 
strength in the polymer dosage, e.g. in 
mixtures B and C with 1% RH aggregate 
and varying 10 and 15% SBR contents, 
there were increases in strength of 
11, 12 and 9% after 7, 14 and 28 days, 
respectively. Furthermore, comparing 
mixtures D and E, increases of 7, 8 
and 15% in compressive strength at 
1.5% RH aggregate inclusion and 
varied SBR proportions were observed. 
The mechanism responsible for this 
improvement is the latex fi lms within 
the SBR polymer, which develop into 
a polymeric arrangement in the internal 

structure of the cement composite. It 
also transformed the transition zone 
at the interface between the RH and 
the cement particles, which resulted 
in the improved compressive strength 
(Shadmani et al., 2018). The abundant 
presence of latex in the spaces within 
the microstructure caused improved 
workability and compressive strength 
of the concrete composites. However, 
the eff ects of increasing RH content 
on the husk-crete material showed 
a  decline in the compressive strength 
as reductions in the values were 
recorded across the curing regimes. 
In contrast to mixture B, at 10% SBR 

Table 2 ACI classifi cation of lightweight concrete (Sari and Pasamehmetoglu, 2005)

Properties Lightweight concrete classifi cations

low moderate structural

Unit weight (kg·m-3) <1,000 1,000–1,500 1,500–2,000

Compressive strength (MPa) 0.70–2.00 2.00–15.00 16.00–42.00

dosage and 1 and 1.5% RH quantities, 
reductions of 22, 1.5 and 17% for 
mixture D after the curing ages were 
observed. A similar trend of reduction 
in the compressive strength with the 
RH aggregate increase from 1 to 1.5% 
at a given 15% SBR inclusion across 
the curing periods was observed as 
well. This showed that the porosity 
increased with increment in the rice 
husk content, which was accompanied 
by low strength performance of the 
husk-crete (Chabannes et al., 2015). 
The compressive strength of the 
husk-crete material depends on either 
the physical or chemical bonds, or 
combination of both bonds between 
the rice husk particles and cement. 
The chemical linkage is based on the 
interactions between the hydrogen 
bonds, which may form between husk 
particles, or possibly between the 
cement matrix and the husk particles. 
Physical connection can take place 
during the cement hydration phase, 
when C-S-H gels and other crystals 
are developed, interconnecting each 
with the rest (Pehanich et al., 2004). 
According to the ACI classifi cation of 
lightweight concrete, the husk-crete 
material can be classifi ed under 
category 3 as a  lightweight structural 
material, since its compressive 
strength was within the specifi ed 
minimum range of 16 MPa (Table 2).

Split tensile strength

The split tensile strength of the husk-
crete material is shown in Fig. 2. A similar 
trend was observed in compressive 
strength, with strength improving by 
addition of both rice husk particles 
and polymers into the mixture. All 
samples showed better performance 
than the reference mixture in terms 
of the resistance to splitting forces. 
Considering the mixtures with 1% 
fi bre content at varying polymer 
contents, the optimal split resistance 
was obtained at 14.64 MPa for sample 
C after 28 days. In the same vein, with 
1.5% fi bre inclusion and 10 and 15% 
polymer contents, mixture E showed Fig. 2 Split tensile strength of husk-crete material

Fig. 1 Compressive strength of husk-crete material 
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optimal split resistance of 13.26 MPa 
after 28 days of curing. This implies 
that the maximum rice husk content 
as an aggregate is 1%, a decrease 
in split strength takes place after 
exceeding this amount. However, it is 
noticeable that the use of SBR polymer 
in modifi cation of the cement matrix 
led to signifi cant enhancement of 
the husk-crete resistance to splitting 
forces. It was observed that the material 
showed higher resistance to tensile 
forces than polymer mortars because 
of its improved strength. This is 
thanks to an improved microstructure 
formed during the interaction and 
inter-connection between the cement 
hydration products and latex (Huang 
et al., 2010).

Flexural strength

Flexural strength performance of the 
husk-crete material is shown in Fig. 3. 

It is obvious that inclusion of rice husk 
particles improved its fl exural strength. 
Optimal resistance to bending was 
obtained in the mixture consisting 
of 1.5% husk particles coupled with 
the higher dose of SBR polymer with 
aging of 28 days. Similarly, an increase 
in fl exural performance of earthen 
material stabilised with plant fi bres 
varying at 2.5 and 5% (w/w) was 
reported by Villamizar et al. (2012). 
To support this observation as well, 
investigation on fl exural strength 
of earthen material reinforced by 
vegetable fi bre (Millogo et al., 2014) 
proved that, for each increase in 
fi bre content, a resultant increase in 
fl exural strength would take place 
until the optimal fi bre content would 
be reached. Thereafter, a decline in the 
bending strength performance would 
take place. Consequently, the fl exural 
performance results of this study are 

in line with previous investigations 
indicating that, in majority of cases, 
an increase in fl exural strength should 
be expected when reinforcing the 
material with plant-based aggregates. 
It is also necessary to emphasize that 
it is possible that the bond between 
the cement hydration products 
coupled with the SBR polymer latex 
fi lms can be more effi  cient in terms 
of bonding with external convex 
structure of the rice husk particle. The 
fl exural strength performance could 
also be infl uenced by the mechanical 
inter-connectivity mechanism, in 
which the cement matrix fl ows in its 
liquid form into the cell lumens and 
pores on the roughened surface of 
the fi bre (due to alkaline treatment). 
Thereafter, it crystallized to develop 
into cement plugs, which eventually 
improved the strength by interlocking 
the fi bre and matrix together (Nozahic 
et al., 2012).

Scanning electron microscope 

(SEM) and energy dispersive 

spectroscopy (EDS) analysis

SEM micrographs of selected mixtures 
made of the husk-crete material are 
shown in Fig. 4 (a–c). The reference 
mixture (sample A) showed a good 
distribution of conical projections 
of the rice husk particles at regular 
intervals on the surface of composites. 
It is possible to observe abundant 
presence of pores and voids on 
the surface (Fig. 4c) with a higher 
magnifi cation. These were responsible 
for the weak strength shown by this 
mixture during the mechanical tests. 
Compact interfaces free of pores due 

Fig. 3 Flexural strength performance of husk-brick samples

Fig. 3 SEM micrograph of husk-crete lightweight material

(a) mixture A (× 10,000)                                     (b) mixture C (× 10,000) (c) mixture C (× 9,000)
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to the fi lling of the voids on the fi bre-matrix interface with 
the reaction of the cement hydrate products and latex fi lm 
polymers was observed for sample C. EDS analysis was 
conducted on selected regions of the samples tested and 
the results are displayed in Table 3. All samples consisted 
of silicon; carbon; calcium; oxygen; and iron with traces 
of magnesium. It is, however, clear that sodium was not 
discovered in any of the samples; this attests to the effi  cacy 
of the alkaline treatment of RH in removing it. The Ca/Si 
ratios were also responsible for the formation of calcium 
silicate hydrate (C-S-H) at the composite surface. The 
SBR polymer emulsion also improved the fi bre-pozzolan 
bonding situations, aided the pozzolanic chemical reactions 
and boosted the process of cement hydration (Plank and 
Gretz, 2008).

Conclusions

The study presented outlined the utilization possibilities 
of rice chaff s (husks) as an aggregate in developing 
a lightweight structural building material with good thermal 
insulation properties. Compressive strength tests showed 
that increasing of rice husk content in the husk-crete 
material resulted in a decline across the curing regimes. 
However, increasing the dosage of the SBR improved 
the resistance of the husk-crete material to compressive 
forces. Flexural strength performance results indicated 
improvements in strength as the proportion of the husk 
aggregates increased. It is also interesting to note that 
this strength is possibly caused by the bond between the 
cement hydration products coupled with the SBR polymer 
latex fi lms having more eff ectiveness in bonding with the 
external convex structure of the rice husk particle. With the 
help of SEM/EDS, the study was able to show that treatment 
of rice husk with alkali chemicals and use of polymer additive 
for strengthening the cement mortar assisted in improving 
the bond at the interface between the husk particles and 
the cement matrix. Therefore, its use can be recommended 
for the purposes of reinforcement in development of 
lightweight building materials. Further studies on the 
durability of such materials under various environmental 
conditions should be carried out as well.
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