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ABSTRACT

Rice husk is usually generated as waste in large quantities but yet to be optimally utilized. Due to the
pollution effects associated with poor approach prevalently adopted for its disposal, volarizing it into
economical and sustainable material for building construction is a necessary option to provide solu-
tion for future generation. In this research, separate dry mortars were prepared using cement grades
32.5R and 42.5N and the influence of rice husk ash (RHA) inclusion on their electrical characteristics
was investigated. The materials used were batched by volume and the RHA was utilized as a partial
substitute for cement at 10 % level. All the samples were cured for 21 days and then allowed to dry
completely prior to the tests implementation. The results showed decrease in electrical resistance
with temperature (ranging from 20°C to 50°C) due to incorporation of the RHA. Though samples
with the RHA content possessed ability to act as smart mortars for temperature monitoring/sensing,
utilization of cement grade 42.5N ensured a better performance. By utilizing rice husks in such un-
dertakings, their associated disposal problems could be tackled and construction of inexpensive but
sustainable building with large temperature sensing capability could be enhanced.

Keywords: Building; Electrical resistance; Temperature sensing; Thermal sensitivity index; Waste

1. INTRODUCTION

Mortar is homogeneous mixture of cementitious
material, fine aggregate (sand), and specific amount
of water. In building construction, cement mortar
is used for plastering over bricks or other forms of
masonry. The knowledge acquired from the study
of electrical properties of cement-based composites
has helped to understand that cement mortar can
perform other interesting functions. For instance,
Ahmed and Kamal [1] observed that conductive ce-
ment mortar has amazing infrastructural applications
including building surface heating, pavement de-ic-
ing, electromagnetic defence, cathodic protection,
and enhancing foundations and buried ground grid
systems. Also, Honorio et al [2] found that electrical
resistivity and conductivity provide useful information
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on the durability of cement-based materials and can
be used for monitoring and inspection of concrete
structures. Bazari and Chini [3] noticed that it is pos-
sible to fully observe the setting time and compres-
sive strength of mortar and concrete by electrical
resistance method than in the case of employing
common physical tests.

In recent times, researchers have investigated
different replacements for conventional materials as
well as additives to conventional mortars in order to
improve the properties of the cementitious compos-
ites. Such filler materials include carbon fiber [4 — 6],
graphene [6, 7], carbon black [9 — 12], and carbon
nanofiber [13]. The use of carbon nanotube yields
reinforced composites that have excellent function
properties, such as mechanical properties [14],
high-temperature properties [15 — 17], and electrical
properties [18 — 21]. Among other factors, the be-
havior of the composites is influenced by the kind
of filler material used. For example, Yoo et al [22]
observed that multi-walled carbon nanotubes have
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a better enhancement effect on the electrical con-
ductivity of cement paste than graphite nanofibers
and graphene. But absolute reliance on these indus-
trial waste materials could hinder sustainable devel-
opment as some of them are scarce and uneconom-
ical. Therefore, there is need to urgently consider
preparation of conductive filler materials from waste
that is sustainable.

The aim of this research is to examine the elec-
trical characteristics of dry cement mortars that con-
tain rice husk ash (RHA) as a partial replacement
material for cement. In this study, two different
grades of cement will be considered and the possi-
ble application(s) of the mortars will be predicted. A
similar study reported in the literature involved the
use of coconut husk ash and one type of cement
grade [23]. The choice of rice husk for synthesis of
the ash is due to its sustainability as it is continuous-
ly abundant and cheaply available in large quantity
as an agro-waste. Globally, the annual output of rice
husk is at least 80 million tons and over 97 % of the
husk is generated in developing countries [24, 25].
Though attempts have been made to use rice husk
to prepare ash for enhancement of compressive
strength of concrete [26 - 28] and amendment of soil
behavior [29, 30], it still remains under-utilized. With
persistence of inefficient solid waste management
systems in developing countries [31, 32], rice husks
are prevalently disposed of by indiscriminate dump-
ing. This situation is detrimental to the environment
and needs to be addressed.

2. EXPERIMENTAL PERSPECTIVE

2.1. Materials and their description

Two different grades of Portland limestone ce-
ment (CEM 1I/BL 32.5 R and CEM II/BL 42.5N, both
of which are manufactured by Dangote Cement
PLC, Obajana Plant), sand (fine aggregate), water
(from bore-hole), and rice husks were the major ma-
terials utilized in this research. The cement and sand
were obtained from a building construction site. The

Table 1. Design of the materials proportioning

rice husks were gathered as waste from a local rice
mill. These materials were collected in large quan-
tities within Ini Local Government Area, Akwa |Ibom
State, Nigeria.

2.2. Materials processing and analysis

The husks were soaked in water in order to re-
move dirt and other forms of impurities from them.
They were removed from the water after 2 hours,
sun-dried completely, and then incinerated in an
open air. The ash obtained was screened using
standard US sieve No 200. The fraction of it that
passed through the sieve was kept in an air-tight
container and labelled RHA. This was necessary to
avoid pre-hydration during storage. With the aid of
an X-ray diffractometer (Model XRD 3000P, Seifert,
Germany), the scanning electron microscopic (SEM)
image of the RHA was obtained to reveal its surface
structure. Also, the sand was dried in the air before it
was subjected to gradation test by sieving technique
[33]. Loose density and angle of repose of the RHA,
sand, and cement were determined as detailed else-
where [34]. The RHA and cement were analyzed for
chemical composition by adopting the method of Ya-
haya [35].

2.3. Samples preparation

The mix design used in this research is sum-
marized in Table 1. All batching processes were by
volume method. In each case, the cement was re-
placed with 10 % of the RHA. This proportion of the
RHA was chosen based on the fact that it is optimum
for significant results [26, 27]. When the materials
were thoroughly mixed with water, each mixture was
cast into separate Plexiglas molds of cross-section
52 mm x 24 mm and height 14 mm. immediately
after casting and compaction, two copper plates
(each with a width of 15 mm and a height of 30 mm)
were embedded into the mixture. These copper
plates served as electrodes and they were at same
distances from the ends of the samples. The elec-
trodes spacing and embedment length were 32 mm

Cement Sample . . Number of samples .
Constituent materials w - c ratio

grade code prepared and tested
BCM Sand and Cement 10

325R
RCM Sand, RHA, and Cement 10 0.5

425N PCM Sand and Cement 10 (Constant)
CRM Sand, RHA, and Cement 10

w — c: Water — cement
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and 9 mm respectively. All the samples were demold-
ed after 24 hours and they were cured in a shade
by sprinkling equal volumes of water on them twice
(morning and evening) daily. The curing was allowed
for 21 days after which the samples were allowed to
dry completely before they were tested.

2.4. Testing of the samples

Figure 1 shows the schematic diagram of the
setup used in this research. The aluminium block
measured 80 mm in height and 75 mm in diameter
and its use was necessary since the heating ele-
ment of the hotplate was larger than the sample.
In order to ensure that heat flowed upwardly only
through the sample, the use of the thermal insulant
(of very low thermal conductivity with dimensions
60mm x 60 mm) was necessary. This thermal in-
sulant was provided with a central and circular hole
to allow for free passage of heat from the alumini-
um block. Separate but identical aluminium blocks,
thermal insulants, and digital thermometers (Model
305 quipped with type-K probe) were used for dif-
ferent test schedules. Before the commencement of
the test, the sample and its electrodes were thickly
lagged with cotton wool.

The electrical resistances were measured by
means of LCR meter (Model No. 9183, Lutron).
The probes of the meter were connected to the
electrodes and the control dial on the hotplate
was adjusted to a level reasonable enough to en-
sure a steady heat flow from the heating element.
The temperature of the sample was monitored and
measured with the aid of the thermometer. During
this process, care was taken to ensure that the ther-
mometer probe was in firm contact with the sam-
ple’s surface as illustrated in the diagram. Tempera-
ture readings were taken at 5°C intervals from 20°C.
After that, the mean and corresponding standard er-
ror values of the resistance were computed for each
sample.

The electrical resistivity of the sample was deter-
mined using the formula [23]

pL
A
where R = mean electrical resistance, A = area of

the sample’s surface in contact with the electrodes,
L = distance between the electrodes.

. (1)

The value of thermal sensitivity index, g was de-
duced from the graph of InR against the inverse of
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absolute value of the temperature, T based on the
relation [36, 37]

R = Roexp [g] )

where R, = electrical resistance at infinite tempera-
ture.

In each case, the temperature coefficient of re-
sistance, a was computed as [38]

1 RZ_ R1
= 4+ |— (= 0
where R; and R, represent the values of electrical
resistance obtained at temperatures T; and T, re-
spectively.

(The negative sign is considered only if Rand T
relate inversely).

<——— Thermometer
probe

LCR meter probes
connected to electrodes

Sample

<&—— Thermalinsulant
<— Aluminium block
<——— Heatingelement

° E.

Electric hotplate

Fig. 1. Schematic features of the experimental setup

3. RESULTS AND DISCUSSION

The index properties of the constituent materials
(RHA, sand, and cement) are presented in Table 2.
It is clear from the results that sand is the heaviest,
followed by cement, and then the RHA. Sand has
the least static angle of repose value. Since repose
angle of 40°is acceptable for manufacturing purpos-
es [39], it can be adjudged that all the materials in
this case are suitable for preparation of the mortars.
Considering the fact that angle of repose correlates
inversely with particle size of a material [40, 41], it
can be inferred that particles of the sand are larger
in size than those of the RHA or cement. Figure 2
depicts that the sand contains particles of assorted
sizes, thereby making it to be well-graded for use.
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Table 2. Particulars of the constituent materials

Cement
Parameters RHA Sand
325R 425N
Loose density (kgm?) 370.0 1519.0 857.0 853.0
Static angle of repose (°) 39.1 34.8 39.6 39.9
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Fig. 2. Grading curve of the sand used

From the results of chemical composition analy-
sis of the RHA and cement (Table 3), it is seen that
the most abundant oxide is SiO, in the RHA and
CaO in both grades of the cement. The loss on ig-
nition (LOI) of cement grade 42.5N is the least while
that of cement grade 32.5R is the highest. This is
not out of expectation because cement grade 32.5R
used in this research contains about 21 % to 30 %
of limestone as stated in cement literature. Also, the

value of LOI obtained for the RHA exceeds that of
cement grade 42.5N, thereby indicating that it has
higher content of carbon-based component than the
cement. The proportions of SiO,, AL,O,, and Fe, 0O, in
the RHA sum up to a value (71.69 %) which is slight-
ly greater than 70 % required as minimum percent-
age for pozzolans. Thus, it can be remarked that the
RHA utilized in this research is pozzolanic.

Table 3. Chemical composition of the RHA and Cement

Proportion (%) per material

Oxides
RHA Cement

Name Formula 325R 42.5N
Silicon oxide (Silica) SiO, 69.88 16.32 20.82
Aluminium oxide (Alumina) ALQ, 1.32 3.60 4.96
Ferric oxide Fe,O, 0.48 2.83 3.20
Magnesium oxide (Magnesia) MgO 0.59 0.90 212
Calcium oxide (Lime) CaO 0.73 58.25 62.46
Loss on ignition LOI 8.34 10.31 2.99
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Figure 3 shows the monograph of the RHA. It
can be clearly seen that the surface of the RHA is
irregular in nature and is typical of amorphous ash.
Hence, it has the potential for high reactivity.

Fig. 3. SEM image of the RHA

It is noticed from the results in Table 4 that at
each considered temperature, inclusion of the RHA
reduces the electrical resistance of the samples with
respect to a particular cement grade. Figure 4 re-
veals that the electrical resistance in all the cases
decreases with increase in temperature of the sam-
ples. This means that the samples become more
electrically-conductive at higher temperatures. The
observed decay pattern of the resistance-tempera-
ture relationship typifies a negative temperature co-
efficient (NTC) thermistor. Robert et al [23] reasoned
that such phenomenal tendency is due to activation
energy associated with the electron jumping across
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Electrical resistance, R (10°Q)
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interfaces in dry cement-based composites. As such,
the observed phenomenon could be utilized for tem-
perature monitoring. On the strength of that consid-
eration, samples with the RHA content would show
better performance. Durairaj et al [42] reported that
addition of brass fiber as an electrically conductive
filler to cement mortar reduced the electrical resist-
ance and also improved self-sensing ability of the
mortar at elevated temperatures.

Table 4. Electrical resistance of the samples
at various temperatures

Mean measured electrical resistance,

Temperature, R (10° Q)

T (°C)

BCM RCM PCM CRM
20.0 57.06 18.89 56.47 17.98
25.0 25.42 9.94 24.98 9.43
30.0 12.50 5.49 11.64 4.88
35.0 6.65 3.07 5.88 2.79
40.0 2.71 1.86 2.67 1.67
45.0 1.35 1.26 1.28 1.19
50.0 0.96 0.61 0.91 0.51

Based on the electrical resistance values ob-
tained for the samples, CRM has a greater ability
than RCM for temperature sensing. The improved
self-sensing abilities of the RCM and CRM over the
BCM and PCM respectively could be of some great
benefits if they are applied for plastering purpose.
This is because, in that case, a large sensing volume
is possible and in turn, it could save cost as embed-
ded sensors conventionally used for temperature
monitoring are very expensive but yet location-spe-
cific in their performance [23].

20

Electrical resistance, R (10°Q)

20 25 30 35 40 45 50
Temperature, T (°C)

Temperature, T'(°C)

Fig. 4. Electrical resistance — temperature relationships for the samples
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The plots in figure 5 agree with linearization of
equation 2 above depicting how the thermal sensi-
tivity (B-parameter) relates with inverse values of ab-
solute temperatures of the samples. The summary
of the data deduced for the samples from their re-
sistance measurements are shown in Table 5. The
electrical resistivity values support the earlier sub-
mission that the RHA enhances reduction of electri-
cal resistance of the resulting sample in each case at
a given temperature. Accordingly, 66.80 % reduction
in electrical resistivity is yielded for preparing RCM
over the BCM. Also, 68.06 % decrement is possible
in the case of preparing CRM over PCM. This fur-
ther substantiates the above-stated fact that CRM
responds faster than RCM for temperature sensing
though both contain the RHA. It also shows that ce-
ment grade could influence the electrical behavior of
the mortar aside the known fact that it affects the 28-
day compressive strength of cementitious materials.

InR
= BCM 18
e PCM //'
A RCM e
v CrRM 71 // N
/ /////
16 7 /,,/’//

T T T T T >

305 0.00310 0.00315 0.0037 ()5.0

/T (K
2

3/)55&(/)0330 0.00335 0.00340 0.0(345

Fig. 5. Plots of In R against 1/T

Table 5. Computed values of electrical parameters
of the samples

5
Sample code P (lz(zjogm) at § (K) a (% /°C)
BCM 2.41 12937 -3.277
RCM 0.80 10493 -3.226
PCM 2.38 13457 -3.280
CRM 0.76 10763 -3.239

Based on the B-values obtained in this study, it
can be averred that RCM and CRM require small-
er energy for electrical conduction compared to the
BCM and PCM respectively being their counterparts
without the RHA content. By implication, the RHA
has the potential to lower energy needed by cement

ZASTITA MATERIJALA 65 (2024) broj 4

mortar for sensing role. The temperature coefficients
of resistance obtained in this study show that the
samples could be used as NTC thermistors and tem-
perature sensors

5. CONCLUSION

The investigations carried out in this research re-
vealed that inclusion of 10 % RHA as partial cement
substitute caused a significant influence on electrical
characteristics of the resulting dry cement mortars.
Electrical resistivity and thermal sensitivity index val-
ues were lowered as a result of RHA introduction into
each plain cement mortar. Electrical resistances of the
samples exhibited exponential decay with increase
in temperature, thereby indicating that the samples
have negative temperature coefficient of resistance.
Though samples with the RHA content could be re-
garded as promising smart mortars, it was observed
that utilization of cement grade 42.5N yielded a better
self-sensing mortar sample. Thus, if the mortars with
RHA content are applied for plastering, building struc-
tures can effectively monitor/sense their own temper-
ature without any need for attached sensors.
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UTICAJ INKLUZIJE PEPELA OD PIRINCANE LJUSKE NA ELEKTRICNE
KARAKTERISTIKE SUVOG CEMENTNOG MALTERA

Pirin¢ana ljuska se obi¢no stvara kao otpad u velikim koli¢inama, ali tek treba da se optimalno iskori-
sti. Zbog efekata zagadenja povezanih sa loSim pristupom koji se uglavnom koristi za njegovo odla-
ganje, pretvaranje u ekonomican i odrZiv materijal za izgradnju zgrada je neophodna opcija za obez-
bedivanje reSenja za buduce generacije. U ovom istraZzivanju odvojeni suvi malteri su pripremljeni
koris¢enjem cementa 32,5R i 42,5N i ispitan je uticaj pepela pirincane ljuske (RHA) na njihove elek-
tricne karakteristike. Korisc¢eni materijali su dozirani po zapremini i RHA je koris¢en kao delimi¢na
zamena za cement na nivou od 10%. Svi uzorci su suSeni 21 dan, a zatim ostavljeni da se potpuno
osuse pre sprovodenja testa. Rezultati su pokazali smanjenje elektricnog otpora sa temperaturom
(u rasponu od 20°C do 50°C) usled ugradnje RHA. lako su uzorci sa sadrZzajem RHA posedovali
sposobnost da deluju kao pametni malteri za pracenje/senzivanje temperature, koriScenje cementa
42,5N je obezbedilo bolje performanse. Koris¢enjem pirin¢anih ljuski u takvim poduhvatima, mogli
bi se resiti njihovi povezani problemi odlaganja i poboljSati izgradnja jeftine, ali odrzive zgrade sa
velikom sposobnoScu senzora temperature.

Klju¢ne reci: zgrada; Elektriéna otpornost; Senzor temperature; Indeks toplotne osetljivosti; Gubljenje
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