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Abstract: In recent times, the global need for high-performance, affordable and 
topnotch materials has necessitated a shift in research from unreinforced to 
composite materials. Metal matrix composites (MMCs) are relatively novel and 
highly promising materials that continually attract researchers' attention. They are 
constantly being developed, and their applications in various industries are on the 
increase. Aluminium matrix composites (AMCs) are the most commonly studied 
MMCs because of their many desirable properties, especially high strength and 
lightweight. These properties make them find extended use commercially. Also, 
AMCs can be manufactured via cost-effective and straightforward methods. 
However, the conventional ceramic reinforcements commonly used to reinforce 
aluminium matrix pose high costs and limited availability. This has triggered other 
renewable and cheap materials such as agro and industrial wastes as alternatives for 
reinforcing aluminium alloys. This work attempts to review some particulate 
mollusc shells that have been used as reinforcements for the fabrication of AMCs. 
The processes used for the fabrication of AMCs are briefly discussed. Finally, 
further research for the improvement of AMCs is suggested. 
Keywords: composites, mollusc shells, aluminium, reinforcements 

. 
1. Introduction 

Materials such as steel, aluminium, copper, 
cast iron, and many more have, over the years, 
been of high interest in the world of 
engineering. These materials find extensive 
use in automotive, aerospace, chemical 
processing, military, petroleum processing, 
biomedical, sports. And many other industries 
where they are used to suit different purposes. 
However, the global demand for reduced 
weight, top quality, high performance, and 

low-cost materials is causing a shift of focus 
from these unreinforced materials to composite 
materials [1-4]. 

The new era engineering systems demand 
materials with a wide spectrum of properties, 
which are rarely met using unreinforced 
materials [5]. Also, the present reality 
regarding human material demands has 
necessitated industries to use materials of a 
better class that are sustainable and 
environmentally friendly [6]. Metal matrix 
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composites (MMCs) have been discovered to 
offer uniquely combined properties required in 
a wide range of engineering applications [5,7]. 
High specific strength, high thermal resistance, 
good damping capacities, improved wear 
resistance, high specific stiffness, and good 
corrosion resistance are some of the properties 
offered by MMCs [8-10]. Due to these much-
improved properties, MMCs that were hitherto 
predominantly used in aerospace and 
automobile industries are now fast replacing 
metals. And their alloys in the vast majority of 
other applications, including defense, sports, 
marine, and recreation industries [11]. 
MMCs can be defined as metallic alloys 
reinforced mostly with hard ceramic material 
particles to produce desired specifications. 
Alloys of light metals like Aluminum (Al), 
Magnesium (Mg), and Titanium (Ti) are 
commonly used as based metals in the 
production of MMCs. However, other metals 
like copper (Cu) and Zinc (Zn) have also been 
used [12-16]. Despite having some drawbacks 
in their mechanical properties, aluminum and 
its alloys have been the most widely utilized as 
matrix materials in the fabrication of MMCs 
amongst the competing alternatives 
[8,11,13,17].  

Aluminium matrix composites (AMCs) 
have a unique combination of physical, 
chemical, and mechanical properties. This 
property is rarely obtained when unreinforced 
materials are used to compete strongly with 
steel and other alloys in various engineering 
applications [18-21]. Also, AMCs have other 
advantages such as low cost of processing and 
being complaint to production using the 
techniques for processing monolithic metallic 
alloys [22,23]. 

Presently, mollusc farming on a commercial 
scale is an essential component of the 
aquaculture industry globally. It represents 
about 23% of the world's total aquaculture 
production. It is growing gradually because of 
its small investment requirement and relatively 
low energy consumption. Molluscs are sources 

of cheap and healthy food for the growing 
world population [24]. Shells of some molluscs 
can amount to up to 75% of their total body 
weight. An estimated seven million tons of 
mollusc shells are disposed of yearly. These 
shells are usually dumped into public waters 
and landfills, making them pose some 
environmental discomfort [25]. Using these 
shells to reinforce metals will solve 
environmental problems and serve as a cheap 
alternative to synthetic reinforcements 
characterized by high cost and limited supply 
[26]. In this work, an effort has been made to 
review some particulate mollusc shells used as 
reinforcements for the fabrication of AMCs. 
However, they influence some properties in the 
composites 
 
2 Materials used to Reinforce AMCs 

Materials used to reinforce metal matrix 
play essential roles because they determine the 
fabrication methods used for the syntheses of 
AMCs and the nature of the alloy matrix being 
reinforced [12, 27-29]. Likewise, most 
parameters such as reinforcement type, shape, 
size, modulus of elasticity, hardness, and 
distribution in the matrix are strongly linked to 
reinforcing materials [30] 

Considering the literature studied while 
preparing this review, different reinforcing 
materials that have been used in the 
development of AMCs can be classified into 
three broad categories. These are synthetic 
ceramic particulates, industrial wastes, and 
agro-waste derivatives [30]. Silicon carbide, 
silicon nitride, silica, aluminium oxide 
(alumina), titanium carbide, titanium nitride, 
graphite, zirconium, boron carbide, tungsten 
carbide, carbon nanotubes are some of the 
synthetic ceramic particulates that have been 
widely studied [31,32]. Nonetheless, silicon 
carbide and alumina have been the most 
utilized compared to other synthetic 
reinforcing particulates [32]. Fly ash and red 
mud, which are the waste products of power 
plants and aluminium industries, are the 
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industrial wastes that have been investigated 
by various authors [33]. Among many other 
agro-wastes, bamboo leaf ash (BLA), rice husk 
ash (RHA), sugarcane bagasse ash (SCBA). 
Maize stalk ash (MSA), groundnut shell ash 
(GSA), and coconut shell ash have been used 
respectively by [34],[35],[36],[37],[38], and 
[39] to reinforce various aluminium alloys. 
Seashell wastes that are products of 
aquaculture or mariculture in recent times are 
fast gaining interest in the use as reinforcement 
for aluminium matrix. They are the major focus 
of this review. 
 
3 Using Particulate Mollusk Shells as 
Reinforcement phase 

Particulate mollusc shells have over the 
years been used to serve different 
reinforcement purposes. Various authors have 
widely studied their reinforcement ability, 
most especially in concrete and polymers. 
Mollusc shells are materials that offer 
advantages of modulus improvement and cost 
reduction without notably increasing the 
specific gravity of the composites when 
compared with the commonly used inorganic 
fillers [40]. 

Many authors, including [41],[42],[43], and 
[44], have used mollusc powder to reinforce 
polymers such as polypropylene and polyester, 
and they all affirmed improved mechanical 
properties. Efforts have been made to use 
mollusc shells in the reinforcement of AMCs. 
Based on the published articles studied, the 
most investigated mollusc shells in aluminium 
matrixes are those of land snails, periwinkles, 
mussels, and oysters which are considered in 
this review 
 
3.1 Snail Shells  

The main constituent of the shell is calcium 
carbonates which can be one of two crystalline 
forms; calcite or aragonite. The remainder is 
organic matrixes that constitute a protein 
known as conchiolin, which usually makes up 
to 5% of the shell [45-47]. Snail shells are 

usually present as discarded bio-waste 
remnants of restaurants, households, eateries, 
and snail sellers. They constitute 
environmental threats with little or no 
economic significance [48,49]. As observed by 
[49], the Snail shell has about 9.4-25.9 lesser 
density compared with other agro or industrial 
reinforcement materials such as fly ash, 
coconut shell ash, bagasse, and maize husk. 

Kolawole et al. [49] have studied the 
potentials of snail shells as a low-cost 
reinforcement material in AMCs utilizing a 
characterization technique. The mineralogical 
composition and physical properties of 
particulate snail shells were carried out using 
density determination. And the 
thermogravimetric analysis (TGA), 
refractoriness, dispersive energy X-ray 
(SEM/EDX), X-ray fluorescent (XRF). The X-
ray diffraction (XRD) analyses at 0oC, 800oC, 
850oC and 900oC calcination temperatures for 
3hrs. The results obtained affirmed that the 
particulate snail shell had chemical hard phase 
oxides such as Al2O3, Fe2O3, SiO2, CaO, Cr2O3, 
MnO, and NiO. Therefore, at all calcination 
temperature values with the maximum amount 
of these phases formed at a 900oC calcination 
temperature. The XRD analysis indicated the 
presence of lime (Ca4O4), calcite (Ca6C6O8), 
and portlandite (CaO2H2) as major hard phases 
of the particulate snail shells at 900oC 
calcination temperature. The study also 
indicated that the density and refractoriness 
temperature of the snail shell particles are 1.63 
g/cm3 and 1400oC, respectively. The result of 
the TGA showed that the particulate snail 
shells attained their thermal stability at 840oC.  
It was concluded from the results that 
particulate snail shell was a promising 
reinforcing material in the production of 
lightweight metal matrix composites at low 
costs. Additionally, the high refractoriness 
temperature of the snail shell particle indicated 
that it was a suitable reinforcement material in 
the production of MMCs that are stable at 
elevated temperatures. And could find use in 
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automotive components such as pistons 
connecting rods. 

Asafa et al. [50] experimentally studied the 
potentials of particulate snail shells as 
reinforcement for discarded aluminum-based 
materials. Particulate snail shells of 16 to 48 
wt% and 200, 400, and 600 μm were added to 

discarded aluminium pistons using a double 
stir-casting method. After casting, a 
microstructural study was carried out on the 
resultant composites using a metallurgical 
microscope. Also, the hardness and tensile 
strength of the composites were examined. The 
microstructure of the unreinforced sample 
indicated significant pores of different sizes 
and shapes. The reinforced samples, however, 
showed snail shell particles uniformly 
distributed in the aluminium matrix. The 
sample containing 48 wt% and 600 μm particle 

size gave the maximum tensile strength and 
hardness with the values of 236 MPa and 48.3 
HRF, respectively. In contrast, the 
unreinforced sample gave 92.4 MPa in tensile 
strength and hardness of 29.2 HRF. The 
notable increase in tensile strength and 
hardness was attributed to the uniform 
distribution of snail shells in the aluminium 
matrix. 

Olawuni et al. [51], to reduce the cost of 
reinforcement and minimize waste disposal 
challenges, used discarded aluminium piston 
reinforced with alumina and snail shells to 
produce hybrid composite piston material. 
Discarded motorcycle pistons were melted and 
then reinforced with alumina and snail shells at 
different proportions using the D-optimal 
approach of the Design of Experiment. The 
microstructure is shown in Figure 1, and 
elemental composition was determined using a 
Scanning Electron Microscope (SEM). 
Mechanical tests such as tensile strength, 
hardness, and wear were conducted. A 
corrosion test was also done.  The results 
indicated that hardness, yield point, and tensile 
strength increased with increased snail shell 
particles to aluminium alloy. Also, wear loss 
was greatly minimized as a result of improved 
mechanical properties. However, the corrosion 
rate of the composite was higher than that of 
unreinforced alloy. The reason for this was not 
stated. It was concluded that alumina and snail 
shells improved aluminum pistons' mechanical 
properties, which can be helpful in various 
engineering applications. 

 
Table1. Chemical Composition of Snail shell ash obtained at 800°C [52] 

Constituent  SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 Na2O P2O5 MnO3 K2O 

wt% 10.20 4.81 3.15 61.95 0.18 0.03 0.05 0.04 0.01 0.01 0.01 

 

 
Figure1. SEM Micrographs of (a) Aluminium alloy + 10% Al2O3 + 10% snail shell (b) 

Aluminium alloy + 5% Al2O3 + 20% Snail shell (c) Unreinforced Aluminium alloy. Source [51] 



Kolapo Olawale Ibrahim                                                                                             CJET (2021) 5(1) 1-11 

5 
 

3.2 Periwinkle Shells 
Periwinkle shells are hard, generally light, 

and readily available in sizeable quantities. 
They are also inexpensive [53]. Umunakwe et 
al. [54] have accessed some mechanical 
properties and microstructure of particulate 
periwinkle shell-aluminum 6063 metal matrix 
composite (PPS-AlMMC) produced through a 
two-step casting route. After being washed and 
boiled in water for 40 minutes at 100°C, 
Periwinkle shells were subsequently sundried. 
They were further dried in an oven at 1100C for 
30mins to remove all moistures. The shells 
were crushed, pulverized, and sieved to 75μm 

and 150μm particle sizes. A software-driven 
optical metallurgical microscope was used to 
study the microstructure of the specimens. The 
tensile and hardness tests were also conducted. 
The microstructural examination results 
indicated that particulate periwinkle shells 
distributed uniformly in AA6063 alloy and 
refined grains from coarse grains to fine grains 
at smaller particle sizes. Consequently, due to 
the ability of particulate periwinkle shells to 
refine AA6063 alloy grains, the strength and 
hardness of the composites were improved 
when compared with the unreinforced alloy. It 
was deduced that the composites could be used 
in areas where lighter weight and higher 
strength were required.  

The effect of isothermal heat treatment on the 
hardness and microstructure of aluminum-
periwinkle shell ash biocomposite was 
experimentally studied by Umaru et al. [55]. 
Using a stir casting method, the aluminium 
alloy was reinforced with periwinkle shell ash 
(PSA) from 5% - 25% in step 5. The 
composites were subsequently heat treated. It 
was revealed that periwinkle shell ash 
distributed homogenously in some aluminium 
specimens, as shown in Figure 2. These 
composites had better thermal conductivity and 
hardness compared to the unreinforced 
specimen. 

The density and mechanical properties of 
particulate periwinkle shell aluminium 6063 
metal matrix composite (PPS-AlMMC) were 
also investigated by Umunakwe et al. [56]. 
Particulate periwinkle shell sizes of 75μm and 

150μm were used to produce the composite at 
1,5,10 and 15wt% using two-step casting. It 
was observed that the filler was distributed 
uniformly in the aluminium matrix. The 
composites had lower density, improved 
strength, ductility, and hardness. The better 
mechanical properties were ascribed to the 
ability of periwinkle shell ash particles to 
refine the grains of Al6063. It was concluded 
that the composites could find use in the areas 
where lighter weight and higher strength were 
required. 

 
Table 2. Chemical Composition of periwinkle shell ash obtained at 800°C[52] 

 

Figure 2: SEM micrograph of (a) unreinforced Al (b) Al/25%PSA. Source [55]. 

Constituent  SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 Na2O P2O5 MnO3 K2O 
wt% 26.26 8.79 4.82 55.53 0.4 0.18 0.20 0.25 0.05 0.05 0.07 

a b 
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3.3 Mussel Shells 
In 2016 alone, an estimated 1827.27 metric 

tonnes of green mussels were produced 
worldwide, and it has been increasing yearly. 
About 33% of mussels are made up of shells, 
which are usually discarded. With that, they 
also contribute sizably to waste generation. 
[57,58] 

Surendra et al. [59] have fabricated 
composites using Al6061 reinforced with 
mussel shell particulate with the primary aim 
of studying the dry sliding wear of the 
composites.2, 4, 6, 8, and 10 weight percent 
(wt%) of mussel shell particulate was used to 
reinforce the aluminium matrix. The 
microstructural study revealed that the 
particles distributed fairly in the matrix, with 6 
wt% having the maximum particle filling 
capacity. Also, mussel shell particulates 
progressively increased the overall hardness 
and wear resistance of the composites up to 6 
wt%, demonstrating the best properties. The 
increase in hardness was attributed to 
differences in the thermal properties of the 
reinforcement and matrix phase. This 
mismatch led to an increase in dislocation 
densities during solidification. 

3.4 Oyster Shells 
The corrosion behaviour of Aluminium 

alloy 6063-Seashell (oyster shell) composites 
in acidic and alkaline environments was 
studied by Abdulkareem et al. [60]. The 
composites were fabricated by varying 
particulate oyster reinforcements in steps of 1.5 
wt% from 1.5 - 7.5 wt % and particle size of 
100, 150, and 200 μm in the aluminium 6063 
alloy matrix double stir casting method. The 
static immersion weight loss technique was 
used to determine the corrosion rate with the 
weights measured at 72 hours intervals for 18 
days in line with the ASTM G31-12 standard. 
The acidic and alkaline media used were 
Sulphuric acid (H2SO4) and Sodium hydroxide 
(NaOH), respectively. The results indicated 
that oyster reinforcement relatively improved 
the corrosion resistance of the composites, with 
the sample containing 6.0 wt% and 100 μm 

particle size. The result shows the best 
corrosion property in both acidic and alkaline 
environments. However, all the composites 
exhibited better corrosion characteristics in the 
alkaline medium than the acidic medium. The 
reason for this occurrence was not stated. 

 
Table 3. Chemical Composition of Oyster Shell Ash Obtained at 800°C [52] 

 
4. Fabrication Methods for Aluminium 
Matrix Composites 

Various methods have been used to 
manufacture AMCs. These methods are 
broadly classified based on the temperature of 
the metallic matrix while processing [61]. They 
are solid-state methods and liquid state 
methods [30,62]. In liquid state routes, the 
particulates are distributed mechanically over 
the liquid metal before casting and 
solidification. These routes are particularly 
cost-effective [63]. Liquid state routes include 
stir casting, compocasting, squeeze casting, 
spray forming, In-Situ Synthesis, and liquid 
metal infiltration [61]. 

For liquid state routes of manufacturing 
AMCs, the stir casting method has been the 
most investigated. This is because of its 
simplicity, being commercially viable, and 
flexibility [64,65]. Nonetheless, it is not 
without its downsides, including problems of 
homogenous distribution of reinforcing 
particles, wettability, porosity, clustering of 
particles, segregation, interfacial reactions, and 
the formation of detrimental secondary phases. 
Methods to contain these challenges have been 
reported [30]. To solve the wettability between 
reinforcing particles and aluminium matrix, 
reinforcement coatings and wetting agents 
such as K2TiF6 are used [66,67]. Clustering and 

Constituent  SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 Na2O P2O5 MnO3 K2O 
wt% 13.41 4.95 3.80 57.95 0.19 0.12 0.02 0.22 0.01 0.01 0.01 
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particle segregation can be avoided by 
optimizing mixing parameters, including 
rotation of stirrer, stirring speed, and blade 
angle to stirrer axis [68]. Formation of 
secondary phases and interfacial reactions, 
which are of high detriment to the performance 
of the composites during the development 
process. It can be prevented by selecting 
reinforcing materials that do not undergo 
interfacial reactions, such as boron carbide and 
alumina [69]. Employing cold deformation and 
hot isostatic pressing, and porosity can be 
substantially reduced in cast AMCs [70,71].  

Solid route fabrication includes powder 
metallurgy (PM), high-energy ball milling, 
diffusion bonding, and ultrasonic probe 
assisted method [62]. The fabrication of 
MMCs via PM has been widely reported. It 
involves mixing reinforcements uniformly 
with metal alloy, and the powders are blended. 
The product, after solidification in a vacuum, 
is sintered under high temperatures [62]. Many 
researchers have adopted PM to eliminate the 
defects encountered in MMCs prepared 
through conventional methods like stir casting, 
squeeze casting, and other liquid molten metal 
techniques. Through this, the mechanical 
properties of the composites have been 
increased. It is also one of the much-improved 
ways to prepare composites and 
nanocomposites [72]. 

 
5. Conclusions and Recommendations 
This study has reviewed various works on 
mollusc shells reinforced metal matrix 
composites, and the following conclusions 
have been drawn: 

(i) Mollusk shells available in sizeable 
quantity, are usually considered 
wastes with little or no economic 
value. 

(ii) Particulate mollusc shells at 
calcination temperatures produced 
chemicals hard phases oxides such 
as Fe2O3, CaO, Al2O3, and SiO2, 
which improved the composites' 

mechanical properties and made 
them attain stability at elevated 
temperatures. This has made them 
highly promising for the production 
of AMC's at reduced costs. 

(iii) Mollusc shells can distribute 
uniformly in the aluminium matrix, 
with the ability to refine matrix 
materials from coarse grains to fine 
grains. 

It is recommended that further works 
should be done to determine in details: 

(i) The corrosion behaviours of the 
mollusc shells reinforced AMCs, 
especially under different 
conditions since there were 
conflicting corrosion results from 
the reviewed articles.  

(ii) Further studies also should be 
focused on how to optimize the 
production process to ascertain the 
optimum processing parameters for 
mollusc shells reinforced AMCs 
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Abstract: Incorporating agro-based waste in concrete can reduce environmental pollution and lead 
to preserving the ecosystem. In order to reduce trial and error in achieving desired slump and 
compressive strength of concrete containing Date Seed (DS), this paper examines the slump and 
compressive strength of concrete using date seeds as a partial replacement for crushed granite. 
Preliminary tests were conducted on the aggregates to ascertain their suitability for concrete 
production. Concrete with DS-crushed granite ratios of 0:100, 5:95, 10:90, 15:85, and 20:80 were 
prepared using a mix ratio of 1:2:4 and a water-cement ratio of 0.5. Slump loss was used to estimate 
the workability of the fresh concrete. The freshly prepared concrete was cast in 150 x 150 x 150 mm 
and the compressive strength was determined after curing by full immersion in water for 7, 14, 21 
and 28 days. Results showed that the slump of concrete increased with an increase in the content of 
date seed. The compressive strength was inversely proportional to the date seed content with a DS-
crushed granite ratio of 20:80 recording the lowest compressive strength (20N/mm2). Linear 
regression models for slump and compressive strength were developed and found to be sufficient in 
explaining the experimental data based on a Mean Square Error (MSE) of 0.37 and 0.029 and R2 of 
88% and 99% obtained for slump and compressive strength respectively. The study has concluded 
that DS can be used as a partial replacement for crushed granite in concrete and a linear model is 
sufficient in predicting the slump and strength of concrete containing date seeds. 
Keywords: Compressive strength, Concrete, Date seed, Model, Slump 

 
1. Introduction 

Infrastructural development is essential for 
developing countries such as Nigeria, which 
records a spontaneous increase in population 
annually. Consequently, engineers have made 
efforts to develop sustainable and cost-effective 
materials for the Nigerian construction industry.  
Concrete is the major construction material used 
for various types of infrastructure in Nigeria due to 
the availability and affordability of its constituent 
materials. Concrete is a composite material made 
up of aggregates (fine and coarse aggregate), 
cement, and water in the required proportion 
[1][2]. Coarse aggregate which is the least 
expensive material in concrete accounts for about 
55% of the total concrete volume and plays an 
active role in the workability, volume stability, 

strength and durability of concrete [3][4][5]. It is 
usually obtained from fragments of rocks (crushed 
granite) or gravels of different mineralogy. Due to 
the increasing population of Nigeria, construction 
materials are being overstretched. Intrinsically, 
efforts have been made to replace conventional 
crushed granite with sustainable and cost-effective 
materials obtained from agricultural, municipal, 
and construction wastes for the production of 
concrete [6][7][8] [9][10][11] [12][13]. 

Research has shown that Date Seed (DS) is a 
viable agricultural waste used to substitute crushed 
granite in concrete. DS is obtained as a waste 
product after date stoning when producing pitted 
dates or date paste. It is a hard-coated seed with a 
grooved oblong shape as depicted in Figure 1.  
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Figure 1: Date Seed 

 
DS has been used in the production of concrete 

by lots of researchers in the past. [14] studied the 
durability of lightweight concrete made from date 
palm seeds using a mix ratio of 1:2.2:1.5. 
Similarly, [15] examined the compressive strength 
of concrete containing DS using replacement 
levels of 25, 50, 75, and 100% and recommended 
using DS as lightweight aggregate material. [16] 
also studied the compressive strength of concrete 
using coarse aggregate-date seed ratios of 100:0, 
95:05, 90:10, 85:15, 80:20 and 75:25 for grades 
M20, M25 and M30 designated concrete. The 
study concluded that only 10% replacement of 
coarse aggregate with date seed showed acceptable 
compressive strength. Research into the modelling 
of compressive strength of concrete using DS as 
coarse aggregate is scarce in the literature. There 
seems therefore, to be a research gap in this regard. 

Hence, this research is focused on developing a 
statistical model for predicting the strength of 
concrete containing DS.  
  
2. Materials and Methods 
2.1 Materials 

The properties of all the materials used in work 
are given in Table 1. These properties were tested 
based on guidelines contained in [17] and [18]. 
Coarse Aggregate: Crushed granite with a 
maximum size of 20mm used in this study was 
sourced from Pyata quarry in Bosso Local 
Government, Minna, Nigeria. The result of sieve 
analysis for the crushed granite is shown in Table 
2. 

Date seeds: The date seeds were obtained from 
local retailers and dried in the open air to reduce 
their moisture content. The result of sieve analysis 
for the DS is also presented in table 2. 
River Sand: River sand not containing any particles 
of clay and silt obtained from Chanchaga river in 
Minna, Niger State, was used as fine aggregate in 
the study. The result of the sieve analysis is shown 
in Table 3. 

Ordinary Portland Cement (OPC) classified as 
grade 42.5 in [18] possessing specific gravity (SG) 
of 3.14 sourced from retailers was used in the 
study. 

Water: Potable water from the tap located at the 
laboratory of the Civil Engineering Department, 
Federal University of Technology, Minna, was 
used for mixing and curing. 

 
Table 1: Properties of materials used. 
Material  Specific 

Gravity 
Moisture Content 

(%) 
Bulk Density (kg/m3) 

Compacted       
Uncompacted 

Aggregate Impact 
Value (%) 

Cement 3.14 - - - - 
River Sand 2.60 3.8 1447 1310  
Crushed 
Granite 

2.54 2 757 703 14.3 

Date Seed 1.28 11.78 1470 1406 19.2 
 
2.2 Methods and Experimental Programme   

A mixed ratio of 1:2:4 with a water-cement 
ratio of 0.5 was adopted in the study. A DS 
replacement level of 5, 10, 15, and 20 percent by 
weight of crushed granite was added to the 
measured quantity of cement, sand and crushed 
granite in each case. The materials in the desired 

proportion were adequately mixed until a uniform 
blend was achieved. The required quantity of water 
was added to each blend and mixed thoroughly to 
achieve a consistent blend. A slump test was 
carried out on each of the freshly prepared concrete 
in accordance with [19] to determine the 
workability of each blend. Five representative cube 
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specimens of 150 x 150 x 150 mm size were cast 
for each replacement level. The cubes were 
demoulded after 24 hours and allowed to cure in a 
water curing tank for 7, 14, 21 and 28 days. In 
compliance with [20] guidelines, the compressive 
strength of the specimens was determined at the 
appropriate curing age using a 2000 kN 
compressive strength testing machine.  
 
2.3 Model Development  

Slump test results and 28 days compressive 
strength results were used as the response 
parameters, while the percentage of DS was used 
as the predictor in each case. The statistical models 
were developed and validated using the data 
analysis toolbox available in [21] following the 
procedure shown in Figure 2. Analysis of variance 
(ANOVA) was performed at a 95 % confidence 
interval and 0.05 significance level. 
 

 

 
 

Figure 2: Procedure of Model Development in Excel 
 
3. Results and Discussion 
3.1 Sieve Analysis 

Sieve analysis results of the DS and crushed 
granite used showed the distribution of the DS 
having the majority of the aggregate less than 
14mm, while the crushed granite, on the other 
hand, contained particles ranging between 10 mm 

and 20 mm. The aggregates do not conform to 
limits prescribed by [22] for aggregates in 
concrete, as presented in Table 2. 

The sieve analysis result of the river sand used 
is shown in Table 3. The fine sand satisfied grading 
limits prescribed by [22]. As such, the aggregate is 
suitable for concrete production. 

 
Table 2: Sieve Analysis for Date Seed and Crushed Granite 

Sieve 
Size 

(mm) 

Mass 
Retained 

(g) 

Percentage 
Mass Retained 

(%) 

Cumulative 
Percentage Mass 

Retained (%) 

Percentage 
Passing (%) 

Grading Limits 
Prescribed by BS 

882 (%) 
   Date Seed   

20 0 0 0 100 90 - 100 

14 0 0 0 100 40 - 80 

10 130 13 13 87 30 - 60 

6.3 840 84 97 3  
5 30 3 100 0 0 - 10 

Total 1000         

   Crushed granite   

20 400.5 40.05 40.05 59.95 90 - 100 

14 505.7 50.57 90.62 9.38 40 - 80 

10 93.8 9.38 100 0 30 - 60 

6.3 0 0 100 0  
5 0 0 100 0 0 - 10 

Total 1000         

 
 
 
 

 
 
 

Data Data Analysis Regression 
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Table 3: Sieve Analysis of River Sand 

Sieve 
size 

(mm) 

weight of sieve 
+ sample (g) 

Percentage 
retained (%) 

Cumulative 
percentage retained 

(%) 

Percentage 
passing (%) 

Grading Limits 
Prescribed by BS 

882 (%) 

5 5.4 1.08 1.08 98.92 98 - 100 

3.35 16.5 3.3 4.38 95.62  
2.36 32.1 6.42 10.8 89.2 60 - 100 

2 16.8 3.36 14.16 85.84  
1.18 71.3 14.26 28.42 71.58 30 - 100 

850 53.3 10.66 39.08 60.92  
600 70.4 14.08 53.16 46.84 15 - 100 

425 60.8 12.16 65.32 34.68  
300 32 6.4 71.72 28.28 5 to 70 

150 92.6 18.52 90.24 9.76 0 - 15 

75 38.6 7.72 97.96 2.04  
pan 304.7 1.42 99.9 0.1   

3.2 Slump and Compressive Strength 
The slump test result (to the nearest 5 mm) of 

the fresh concrete and compressive strength of 
concrete cubes for different percentages of DS is 
presented in Table 4. From the results, there exists 
an increase in a slump as the percentage of DS 
increased. This may be due to the smooth surface 
texture of the DS, as aggregates with smooth 
surfaces have been reported to possess higher 
workability than aggregates with rough surfaces 
[23]. The slump test results agree with the slump 
values reported by [15] and [16]. The compressive 

strength decreased with an increase in the 
percentage of date seed used. Smooth surface 
aggregates are detrimental to the bond between 
aggregates and cement paste according to [4][23]. 
This can be attributed to why the compressive 
strength decreased with an increase in the 
percentage of DS at all curing ages. The trend in 
the compressive strength result conforms with 
compressive strength reported by [14], [15] and 
[16] (19.6 - 23.44 N/mm2) using date seeds with 
similar properties.  
 

 
Table 4. Slump and Compressive Strength  

% Replacement 
of DS 

Slump  Compressive Strength (N/mm2) 

  7 days 14 days 21 days 28 days 
0 30 13.3 16.4 20.8       23.5 
5 30 12.9 15.4 20.3       22.9 

10 30 12.5 14.9 19.9       21.6 
15 30 11.9 14.1 19.2       20.9 
20 35 11.0 13.6 18.1       20.0 

 
3.3 Model Development 

Regression models for slump and 28 days 
compressive strength were developed using data 
analysis in Microsoft Excel (2010). The percentage 
replacement of DS was selected as the independent 
variable labeled x while slumping and compressive 
strength results labeled Y1 and Y2 were used as the 

dependent variable, respectively. The regression 
equations obtained for the slump and compressive 
strength model are given in Equations 1 and 2 
respectively while the regression statistics and 
Analysis of Variance (ANOVA) are presented in 
Tables 5 and 6. The coefficient of determination 
(R2) ranges from 0 – 100%, where a percentage 
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close to 100% suggests adequate goodness of fit 
[24][25][26]. The R2 obtained for the slump model 
was 88%. This affirms that 88% of the model 
parameters fit the model developed and 88% 
variance in the slump values in the neighborhood 
of the mean are described by the percentage 
increase in DS. Similarly, a very high R2 of 99% 
was obtained for the compressive strength model 
as shown in Table 5. This proves that the 
percentage increase in DS explains 99% variation 
of the compressive strength data within the mean. 

From the ANOVA result shown in Table 6, the 
slump model recorded a Mean Square Error (MSE) 
of 0.37 and a significance F of 0.02. MSE ranges 
from 0 to 1, with values closer to 0 suggesting a 
minimal error between the observed and predicted 
responses. Furthermore, the significance related to 
the p-value is less than the 0.05 significance level. 
An indication that the data has discrete means. In 
the same vein, the compressive strength model 

recorded MSE of 0.029 and significance F of 
0.0005 which is less than 0.05 significance level. 
A suggestion that means of the compressive 
strength data is distinct. 
 
𝑌1 = 0.18𝑥 + 27.18   (1) 
𝑌2 = 23.58 − 0.18𝑥   (2) 
Where, 
Y1 = slump 
Y2 = compressive strength and 
x = percentage increase in DS 

The residual, line and normal probability plots 
are presented in Figures 3, 4 and 5 for the slump 
model while Figures 6, 7 and 8 are for the 
compressive strength model. The residual plots 
show that the residuals are arbitrarily scattered 
over the negative and positive sides of zero. An 
indication that the residuals do not follow a regular 
path. 

 
Table 5: Regression Statistics for slump and compressive strength models                  

Slump Compressive Strength 

Multiple R 0.94 0.99 
R Square 0.88 0.99 
Adjusted R Square 0.84 0.99 
Standard Error 0.61 0.17 

Observations 5 5 
 
Table 6: ANOVA for slump and compressive strength models 

  df SS MS F Significance F 

Slump 
Regression 1 8.1 8.1 22.09 0.02 
Residual 3 1.1 0.37   

Total 4 9.2       

Compressive Strength 
 1 8.1 8.1 276.136 0.0005 
 3 0.09 0.029   

 4 8.19    
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Figure 3: Residual Plot for Slump Model 
 

The normal probability plot depicts that the 
residuals are not so far away from the straight line. 
This indicates that the residuals are normally 
distributed.  
 

 
Figure 4: Normal Probability Plot for Slump Model 
 

The experimental vs. model slump results are 
shown in Figure 5. The experimental slump data 
are not so close to the predicted slump results. This 
accounts for why it recorded an R2 of 88% and 
MSE of 0.37. The slump model is therefore 
adequate to a reasonable extent in predicting the 
slump of concrete containing DS.  
 

 
Figure 5: Experimental vs. Predicted Slump Result 
 

The residual plots for the compressive strength 
model illustrate that the residuals are haphazardly 
represented on the negative and positive sides of 
zero. Therefore, the residuals do not follow a 
regular path. 
 

 
Figure 6: Residual Plot for Compressive Strength 
Model 
 

The normal probability plot for the compressive 
strength model shown in Figure 7 indicates that the 
residuals are very close to the straight line. A clear 
signal that the residuals are normally distributed. 
This gives an insight as to why it recorded a very 
low MSE (0.029) and a very high R2 (99%).  
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Figure 7: Normal Probability Plot for Compressive 
Strength Model 
 

The result of the compressive strength vs model 
is shown in Figure 8. The observed compressive 
strength is very close to that of the predicted 
compressive strength. This is an indicator that the 
error between the actual and predicted compressive 
strength results is negligible. It is, therefore, safe to 
oblige that the model is adequate in predicting the 
compressive strength data. 
 

 
Figure 8: Experimental vs. Predicted Compressive 
Strength Result 
 
4. Conclusion 
The conclusion arrived at based on findings in this 
research are; 

i. The higher the quantity of DS as partial 
replacement of coarse aggregate in 
concrete, the higher the slump of the 
resulting concrete. 

ii. The compressive strength of concrete 
reduces with an increase in the percentage 
of date seed in concrete. A percentage 
increase in date seed of 20% recorded the 
lowest compressive strength of 20N/mm2. 
Concrete with 5 - 20% replacement 
levels is thus suitable for structural 
applications. 

iii. A linear regression model is sufficient in 
predicting the slump and 28 days 
compressive strength of concrete 
containing date seeds with an R2 of 88% 
and 99% and MSE of 0.37 and 0.029 
respectively. 

iv. From the results of the compressive 
strength, DS is suitable for normal-
weight concrete. 
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Abstract: Being the third-largest emitter of greenhouse gases (GHG) globally, the 
cement industry has come under scrutiny by the international community lately. In 
a bid to remedy the situation, researchers worldwide are keen on finding alternative 
materials to partially or fully replace Portland cement in concrete production. 
Materials such as industrial waste, biological waste, agricultural and domestic 
waste have been used. In this study, a ternary blend of Ordinary Portland Cement, 
Cassava Peel Ash (CPA), and Rice Husk Ash (RHA) were introduced as the binder 
System in concrete production to reduce the use of Portland cement. The concrete 
mix was prepared to put CPA at 5% for all combinations while the RHA was varied 
from 0 to 25% of the total binder content. With a 0.65 water/binder ratio, an 
optimum strength was reached at 20% replacement of CPA (5%) and RHA (15%). 
The partial replacement of cement with CPA – RHA in concrete has also positively 
affected concrete's water absorption properties. From the use of these materials, 
GHG emissions are reduced, and the waste generated from the pile of cassava peel 
and rice husk is eliminated. 
Keywords: Concrete, Portland cement, Cassava Peel Ash, Rice Husk Ash, Ternary 
blend 

 
1. Introduction 

Food, clothing, and shelter. These, from the 
general point of view, are the three necessities 
of man. Shelter from the weather elements is 
not just leisure but a core necessity as well. 
Over the years, a great diversity of 
construction techniques and construction 
materials have been employed to meet this 
need. These structures have evolved with time 
from temporary and straightforward structures 
like huts, tents, and containers to more 
permanent and sophisticated structures such as 
skyscrapers, canals, and dams. Likewise, the 

early and perishable construction materials 
such as leaves, straws, tree branches, and 
animal skin were replaced with more durable 
materials like clay, stone, and timber. 
Synthetic materials such as brick, concrete, 
metal, and plastic have been developed for 
construction [1]. 

From the aforementioned, concrete is the 
single most widely used construction material 
in the world. With an annual production of 
over ten billion tons worldwide, it ranks 
second only to water in the list of human 
consumables [2]. Concrete is defined as a 
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composite material that comprises a mixture of 
Portland cement or any other hydraulic 
cement, fine aggregate, coarse aggregate, and 
water, with or without admixtures [3]. When 
fresh, it is highly workable and can be 
fashioned into a variety of shapes. On the other 
hand, it possesses a very high compressive 
strength when hardened. This strength is a 
function of age and can reach between 20 and 
40 Mpa in commercially produced concrete. 
These two properties make concrete the most 
desirable construction material. However, if 
loaded in tension, the material fails at a stress 
typically of the order of 10% of the 
compressive strength. Because of this low (and 
unreliable) tensile strength, concrete is usually 
reinforced with steel bars [4]. 

Nonetheless, concrete does have its 
downsides. One of these is the negative impact 
inflicted on the environment when mining its 
aggregates and manufacturing Portland 
cement. For example, world cement 
production now contributes about 5 percent of 
annual anthropogenic global CO2 output [5]. 
Also, cement production is costly, making it 
difficult for the masses in developing countries 
to afford modest housing. For example, in 
Nigeria, it was estimated by the United 
Nations Agency for Human Settlement UN-
HABITAT that the housing deficit was 17 
million as of 2006. The market value for this 
deficit was estimated at $363 billion [6].  

The pollution of the environment is not 
entirely the fault of the construction industry 
alone, other sectors like the agricultural and 
power sectors also contribute, and are equally 
deserving of urgent attention. For instance, 
pollution studies in the Sagamu and Ewekoro 
environs in Ogun state revealed that many are 
suffering from health challenges due to the 
pollution from the cement factory close by [7]. 
Also, Nigeria is among the top producers of 
cassava and rice globally is bedeviled by tons 
of agricultural wastes, which loiters most of 
her towns and villages. CPA – RHA in cement 
will reduce the environmental pollution from 
cement production (by reducing the amount of 
cement needed per concrete mix) and provide 
a sustainable and economical way of managing 
the agricultural wastes from such crops. 

This study investigates the strength of 
concrete containing Cassava peel ash and Rice 
husk ash as partial replacement of cement (5% 
CPA and varying percentage of RHA ranging 
from 5% - 25%) in the concrete of 1:2:4 mix 
ratio and 0.6 water binder ratio. Cassava peel 
ash (CPA) is produced after the combustion of 
cassava peel (CP), which is a byproduct from 
the processing of cassava, either for domestic 
consumption or industrial use  [8]. The plant 
thrives in the Nigerian climate and is mostly 
cultivated in the country's southern and middle 
belt [9]. This has placed the country in a good 
light as the highest cassava producer, 
producing about 38 million tones (MT) per 
annum. It is expected that this value will 
double by the year 2020 [10]. This makes it 
suitable that adequate attention is given to 
finding effective ways of disposing or 
recycling waste. Salau [8] wrote that the 
cassava plant's major waste is the peelings and 
ranges between 20 – 35% by weight of the 
tuber, especially if it is peeled using the hands. 
From the estimate, using 20% by weight of the 
tuber, about 6.8 million tonnes of cassava peels 
are generated annually, and 12 million tonnes 
are expected to be produced in the year 2020. 
Failure to deal with this waste will inevitably 
lead to a serious environmental hazard. The 
reality of this is already dawning on some 
communities in the country. In Ado Ekiti, for 
example, a previous field survey revealed that 
the volume of cassava peel heaps around some 
factories had more than doubled within just 
three years. The resultant effect of this is the 
production of noxious and offensive odour and 
the emission of heat and gases, which attract 
flies and other vectors [11]. 

Oryza sativa – the botanical rice name - 
ranks next to maize as the most popular cereal 
in the world [12]. With an estimated 3.8 
million tons production, Nigeria is the largest 
rice producer in West Africa and the second-
largest in Africa after Egypt [13]. However, 
this falls below the yearly consumption of 5 
million tons. About 365 billion nairas is spent 
yearly on rice importation. In essence, a higher 
production rate is expected, as the 
government's goal is to meet its local demand 
from local production. 
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There are two major wastes from rice: the 
husk, which constitutes about 20% of rice 
weight; the straw, which is almost the same 
weight as the rice grain. It is estimated that 
global rice production generates about 108 
tonnes of rice husk annually [14]. The husk is 
sometimes burnt as fuel for cooking, heating 
air in rice driers, or power milling plants. 
However, just a small fraction is used for such 
purposes as most of it is dumped and burnt in 
the open [15]. Many refuse heaps have been 
formed in different country locations where 
they are dumped and posing as an 
environmental nuisance [14]. 

Rice husk ash (RHA) is a pozzolan 
produced after the burning of rice husk [12]. 
For the best pozzolans, the husk should be 
burnt at a controlled temperature below 7000C 
and under the supply of adequate air to 
minimize carbon creation. This is because 
burning at temperatures above 7000C produces 
a less reactive crystalline silica compared to 
the much more reactive amorphous silica 
formed at lesser temperatures. As a pozzolan, 
RHA is considered to possess the greatest 
potential due to its widespread availability and 
the large proportion of ash (containing about 
90% silica) produced after burning. It is 
already being produced commercially in 
countries like Thailand, India, and Columbia 
for use as pozzolans [16]. 
 
2. Ternary Blending of Pozzolans 

Blended cement refers to the partial 
replacement of cement (usually ordinary 
Portland cement) with one or more pozzolans. 
When OPC is partially replaced with a 
particular type of pozzolan, it is called a binary 
blended cement. However, when partially 
replaced with two different pozzolans, it is 
referred to as a ternary blended cement [17]. 
As earlier discussed, the aim of using 
pozzolans is because of its advantages, which 
include economic benefits, ecological benefits, 
and the improvement of concrete properties 
[18]. And when these pozzolans are used in 
ternary blends, research has shown that they 
often produce better results than binary blends. 
It is observed that the addition of a second 
pozzolan helps in overcoming the 

shortcomings of the first. However, it must not 
be assumed that the improvement is due to 
their properties' superimposition as the 
pozzolans could react with each other. The 
properties found in their ternary blend could be 
different from those found in their binary 
blends [19]. 

Quite a several researchers have looked into 
the ternary blend of pozzolans. In 2018, Datok 
et al. [17] investigated the behavior of binary 
and ternary blends of binding material in 
concrete. To achieve this, they blended OPC 
with 20% Acha Husk Ash (AHA), 10% Corn 
Cob Ash (CCA), and then the range of 5-15% 
was used for the ternary blend of 
OPC/AHA/CCA. Results from their research 
revealed that after 28 days of curing, the 
ternary blend of 5% developed a strength of 
24.60 N/mm2. This is about 96% of the control 
and higher than the highest strength developed 
by OPC/AHA and OPC/CCA's binary blends. 
In 2007, Ghrici et al. [20] blended Portland 
cement, limestone, and natural pozzolana. 
They then proceeded to test their resultant 
effect in concrete and compared them with the 
test results gotten from control mixtures of 
ordinary Portland cement, Portland cement 
and limestone, and Portland cement and 
natural pozzolana. The test results showed that 
the ternary blend not only offered more 
resistance to sulfate and chloride ion ingress 
than the control mixtures they also showed 
better early age and long-term compressive 
strength [19]. 
 
3. Materials and Methods 
3.1 Materials  
The materials used for the experiment were 
Ordinary Portland Lime cement, clean and dry 
river sand (fine aggregate), and crushed granite 
(coarse aggregate) of maximum nominal 
particle size. The water used was clean 
portable water. Cassava peels used were 
collected from cassava peels dumpsite at Oju 
Local Government, Benue State, Nigeria. The 
Cassava Peels were initially burnt to ash 
through open-air burning before being 
subjected to control burning in a kiln at a 
temperature of 650oC for 90 minutes. It was 
ground into finer particles using local milling 
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machine and then sieved through 150µm sieve 
upon cooling down to room temperature. The 
analysis of its chemical composition was 
carried out using X-ray Fluorescence 
Analytical Method.  

Rice husk was collected from Sabon Gari 
Local Government and subjected to -air 
burning at temperature, reaching up to 1000oC 
for seven days. The ash was sieved through a 
450µm sieve to rid it of dirt and ground into 
finer particles using a local milling machine 
upon cooling down to room temperature.  
Next, the milled RHA was sieved through 
75µm, and analysis of its chemical 
composition was carried out using X-ray 
Fluorescence Analytical Method. 
 
3.2 Methods 

The tests employed in this research work 
are; oxide composition analysis using XRF, 
sieve analysis, specific gravity, crushing test, 
and impact value test. Others were 
consistency, setting time, soundness, Absolute 
Volume Method of concrete mix design, slump 
test, and compressive strength test All the tests 
were conducted in conformity with relevant 
standards. 
Table 1: Physical Properties of Materials 
for Concrete 

Materials Specific 
Gravity 

Moisture 
Content 

(%) 

Bulk 
Density 
(Kg/m3) 

Cement 3.14 0.53 - 
Fine 

Aggregate 
2.56 7.50 1465.00 

Coarse 
Aggregates 

2.70 0.20 1795.00 

Cassava 
Peel Ash 

0.98 - - 

Rice Husk 
Ash 

1.05 - - 

 
3.2.1 Tests on Concrete 

The slump test is conducted on fresh 
concrete to determine how workable the 
concrete is. It was carried out following BS EN 
12390 part 2 [21]. Compressive strength is a 
measure of the concrete's ability to resist the 
crushing load being applied directly. In 
essence, it reveals the maximum compressive 
load that the concrete can bear per unit area. 
This test was conducted following BS 1881, 
part 116 [22](1983). A total of one hundred 
and twenty cubes (120) were cast using 
100mm × 100mm × 100mm steel moulds and 
cured in water for 3, 7, 14, 28, and 56 days, 
respectively tests.  

Water absorption test, which is a test carried 
out to determine the level or rate at which 
concrete specimens absorb/retain water it, was 
done according to ASTM 140 [23]. The 
concrete cubes were surface dried after curing 
before being oven-dried at 100oC for 24 hours. 
After the samples were removed from the 
oven, they were cooled and weighed before 
they were immersed in water for 24 hours and 
weighed again after removing them from 
water. Increases in mass as a percentage of 
initial mass is expressed as its water absorption 
and can be mathematically expressed as shown 
in equation (1); 
 

  (1) 
Where; 
New weight = weight of saturated concrete 
cubes  
Air dry weight = weight of oven-dried concrete 
cubes  
 
3.2.2 Mixture Proportion    
     A Water-cement ratio of 0.60 was adopted 
for the mixes throughout the research work. 
The actual concrete mix proportions are 
presented in Table 2. 

 
 

Table 2: material proportion used for producing concrete cubes (100× 𝟏𝟎𝟎 × 𝟏𝟎𝟎𝐦𝐦) 
S/no Description  Water 

(kg) 
Cement 
(kg) 

CPA     
(kg) 

RHA     
(kg) 

 Fine 
aggregate 
(kg) 

Coarse 
aggregate 
(kg) 
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1 C0%R0% 5.431 9.053 0.000 0.000  18.106 36.212     
2 C5%R0% 5.431 8.600 0.453 0.000  18.106 36.212     
3 C5%R5% 5.431 8.148 0.453 0.453  18.106 36.212     
4 C5%R10% 5.431 7.695 0.453 0.906  18.106 36.212     
5 C5%R15% 5.431 7.242 0.453 1.359  18.106 36.212     
6 C5%R20% 5.431 6.790 0.453 1.812  18.106 36.212     
7 C5%R25% 5.431 6.337 0.453 2.265  18.106 36.212     

 
4. Results and Discussion 
4.1 Oxide Composition of Cement, CPA, and RHA 

 
Table 3 Oxide Composition of Cement, CPA, and RHA 

Oxide 
(%) 

Na2O MgO Al2O3 SiO2 P2O5 SO3 Cl K2O CaO 

OPC 0.710 1.690 5.700 14.98 - 2.670 - 0.100 68.30 
CPA 0.421 4.726 11.323 51.755 4.890 2.173 O.660 6.434 6.890 
RHA 0.061 2.400 1.814 79.864 7.428 0.880 0.102 2.976 2.898 
Oxide 
(%) 

TiO2 Cr2O3 Mn2O3 Fe2O3 ZnO SrO    

OPC 0.220 0.010 - 4.100 - -    
CPA 2.419 0.020 0.308 7.863 0.082 0.034    
RHA 0.198 0.002 0.236 1.065 0.058 0.017    

 
The chemical composition analysis of 

Cassava peel Ash (CPA) and rice husk ash 
(RHA) using XRF is presented in Table 3. It 
can be observed that the combined SiO2, 
Al2O3, and FeO3 content for CPA and RHA are 
67.178% (class C pozzolana) and 82.743% 
(Class F pozzolana), respectively. This shows 
that the RHA is a very reactive pozzolan, 
having more than the 70% recommended in 
ASTMC618, [24] for good pozzolan. The 
CPA, however, is considered less reactive. The 
pozzolans' chemical composition also 
indicated that the K2O content for CPA was 
6.434% and 2.976% for RHA, higher than the 
1.2% limit recommended in cement [25]. The 
high K2O content may cause a delay in the 
setting time of concrete. It is also observed that 

the value of MgO for both pozzolans is lower 
than the 5% limit specified by ASTM C618-12 
[24]. This indicates the possibility of improved 
soundness and hardness when they are used in 
concrete. 
 
4.2 Sieve Analysis of a Coarse Aggregate 

Coarse aggregate is crushed granite of 
nominal size of 20mm with a specific gravity 
of 2.7. The particle size grading curve shown 
in Figure 1 indicates that the coarse aggregate's 
particle size is majorly medium size granite. 

The particle size distribution test for fine 
aggregates is shown in Figure 2. The test was 
carried out following BS EN 933-1 [26], and 
the fine aggregate was found to fall within 
zone 1 by BS 882 [27] classifications. 
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Figure 1: Particle Size Distribution Curve of coarse aggregate 

 

Figure 2: Particle Size Distribution Curve of Fine aggregate 
 
4.3 Slump Test on Fresh Concrete 

The slump values used to measure the 
fluidity, softness, or wetness of a batch of 
concrete as per ASTM C 143[28] are 
represented in Figure 3. As can be observed 
from the graph, the research results reveal that 

the slump decreased upon CPA - RHA 
inclusion as a partial replacement of ordinary 
Portland cement. It goes on to say that to attain 
the required workability, mixes containing 
CPA – RHA will require more water than the 
corresponding conventional mix. 

 

 
Figure 3: Slump Test of CPA - RHA Concrete 
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4.4 Compressive Strength of CSA-GSA 

Concrete 
The compressive strength results shown in 

Figure 4 indicate that compressive strength 
increased with curing age and decreased with 
increased blended CPA - RHA content. The 
results show that the 3 days compressive 
strength decreased from 13.5N/mm2 for OPC 
to 9.3N/mm2 for 30% replacement with CPA – 
RHA. Similarly, after 28 days of curing, the 

strength decreased from 28.7N/mm2 for OPC 
to 20.2N/mm2 for 30% replacement with CPA 
– RHA. The optimal 28 and 56 days strength 
for CPA - RHA concrete is recorded at 20% 
replacement, i.e., 24.12N/mm2 and 
25.2N/mm2, respectively. These results show 
that the ternary blend of OPC/CPA/RHA has a 
positive impact on concrete strength, 
especially at the later stages, and agrees with 
the previous works [17].  

 

 
Figure 4: Compressive Strength of CSA-GSA Concrete 

 
4.5 Water Absorption  

The graph shows that the percentage water 
absorption of concrete reduced progressively 
as the percentage with CPA – RHA increased. 
The control it is observed had the highest 
percentage water absorption of 5.59%, while 
5%CPA – 25%RHA had the least water 
absorption value of 3.25%. This is in line with 

the report by Malhotra and Mehta [29]. This 
decline in water absorption could be attributed 
to the fineness of CPA - RHA as reported by 
Pande and Makarande,[30]. Another 
explanation for this might also be due to the 
pore's extensive refinement in the matrix and 
the interface layer [31]. 

 

 
Figure. 5: Water Absorption of CPA - RHA Concrete (%) 
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5. Conclusions  
This study looked into the effects of 

cement's partial replacement with cassava peel 
ash and rice husk ash on concrete. CPA is a 
class C pozzolan having combined SiO2, 
Al2O3, and Fe2O3 content of 67.178 % (which 
is less than the recommended 70% for 
pozzolans). It is less reactive than RHA, a class 
F pozzolan having combined SiO2, Al2O3, and 
Fe2O3 content of 82.743%. However, the 
ternary combination of CPA with RHA is 
complementary, producing a CPA – RHA 
concrete with satisfactory compressive 
strength. An increase in percentage 
replacement of cement with CPA – RHA 
results in a decrease in the compressive 
strength. However, an increase in curing age 
increases the compressive strength, with CPA 
– RHA concrete gaining a compressive 
strength comparable to that of the control when 
cured for 28 days or more. Hence, CPA – RHA 
concrete will be suitable for construction 
projects where early strength gain is not a 
major concern. A slump test carried out on 
fresh blended CPA – RHA concrete reveals 
that the workability of concrete reduces as the 
CPA – RHA percentage in concrete increases. 
Hence, more water will be required to maintain 
the fluidity of fresh CPA – RHA concrete than 
ordinary Portland cement concrete. An 
increase in percentage replacement of cement 
with CPA- RHA results in a decrease in the 
resulting concrete percentage water 
absorption. 
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Abstract - The effect of sodium carbonate (Na2CO3) on biofuel yields from 
pyrolysis of Daniellia oliveri sawdust in a fixed bed reactor has been studied. The 
sawdust was procured from the New Sawmill, along Ilorin-Ibadan expressway, 
Ogbomoso, South-Western Nigeria. The sample was sundried for three days to 
reduce its moisture content. Catalytic pyrolysis of the sawdust was performed with 
different weight percentages of catalyst (10, 20, 30 and 40 wt.%) in the feed. Non-
catalytic pyrolysis was also performed for the same temperatures and biofuel yields 
from both sets of experiments were compared. Char yield increased with an 
increasing percentage of catalyst and were higher than those from non-catalytic 
pyrolysis in all but one case, the highest being 49.42% at 500 oC (biomass/catalyst 
ratio of 60/40) and the lowest, 15.41% at a non-catalytic temperature of 400 oC. 
Bio-oil yields at 400 and 600 oC followed the same trend up to biomass/catalyst 
ratio of 70/30 while the yields at 500 oC, though higher than those from non-
catalytic experiments in most cases, did not significantly change with an increasing 
percentage of catalyst. The highest yield of bio-oil (37.64%) was obtained at 600 
oC (biomass/catalyst ratio of 90/10) and the lowest (16.41%) at 400 oC 
(biomass/catalyst ratio of 80/20). Gas yields in most cases decreased with an 
increasing percentage of catalyst and were all lower than those from non-catalytic 
experiments, the highest yield (62.77%) obtained at a temperature of 400 oC (non-
catalytic) and the lowest (19.73%) at 500 oC (biomass/catalyst ratio of 60/40).  
Keywords:  Catalytic pyrolysis, biofuel, bio-oil, sodium carbonate, Daniellia 
oliveri, sawdust 

 
1. Introduction 

Fossil fuels remain the main sources of 
energy that are driving the global economy and 
industrialization. The awareness of the various 
havocs wrecked on earth by over-dependence 
on fossils has provoked a global campaign 
towards reducing their use. Although frantic 

efforts are being made to find alternatives to 
fossils, many works still have to be done in 
getting fuels from renewable sources, which 
are comparable in combustion characteristics 
to fossils.  For decades, findings have shown 
that liquid fuel (bio-oil) from biomass 
pyrolysis can be used as boiler fuel [1] or 
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upgraded to transportation fuels [2-6]. 
However, high oxygenated compounds in the 
bio-oil, its high-water content [7] and low H/C 
ratios [8] have limited its applications. 
Besides, the acidity, instability and high 
viscosity [7] associated with pyrolysis-derived 
bio-oil are also serious concerns. Sequel to 
this, various chemical processes have been 
developed for upgrading the bio-oil [9,10]. 
Amongst these processes, catalytic cracking 
has been identified as a promising method [8, 
11]. In order to understand the effects of 
catalysts on pyrolysis, several catalysts have 
been used on different biomass feedstock [12-
16]. Aside from upgrading bio-oil, the use of 
catalysts in pyrolysis has a strong influence on 
product distribution and can be an interesting 
approach to product selectivity [17]. Findings 
from zeolite cracking of pyrolysis oil [18-24] 
have shown that though zeolite catalysts were 
effective in oxygen removal, liquid yields were 
low. Owing to this, less acidic catalysts can be 
used for bio-oil upgrading while at the same 
time enhancing liquid yields. 

Furthermore, in most previous studies, 
woody biomass, typical of West African 
countries, was not used. This has made 
catalytic pyrolysis data on common West 
African woody biomass to be very scarce. 
Therefore, in this study, the effect of sodium 
carbonate on biofuel yields from pyrolysis of 
African copaiba balsam (Daniellia oliveri) 
sawdust was studied at different temperatures 
in a fixed bed reactor.   
 
2. Materials and Methods 
2.1 Materials 

Daniellia oliveri sawdust was procured 
from the New Sawmill, along Ilorin-Ibadan 
expressway, Ogbomoso, South-Western 
Nigeria. The sawdust procured was the residue 
from the milling operation of Daniellia oliveri 
trunk at the sawmill. The sample was sundried 
for three days to reduce its moisture content. 
After sun drying, it was weighed and bagged 
in a cellophane bag for it to maintain its 

moisture content and it was kept at room 
temperature until it was used for pyrolysis 
experiments. Sodium carbonate (Na2CO3) was 
procured from a chemical vendor in 
Ogbomoso, South-Western Nigeria. 
 
2.2 Experimental setup 

Figure 1 shows the exploded view of the 
pyrolysis unit used for the experiments. A 
detailed description of this setup has been 
given elsewhere [25]. 
 
2.3 Experimental procedure 

Experiments were carried out in two 
batches, the first with catalyst and the other 
without catalyst. The first batch of experiments 
was done to study the effect of catalyst on 
product distribution from Daniellia oliveri 
pyrolysis at different temperatures while the 
other was done to study product distribution 
without catalyst. In the first batch, Daniellia 
Oliveri/Na2CO3 weight ratios of 90/10, 80/20, 
70/30 and 60/40, thoroughly mixed together, 
were fed into the crucible, one at a time, and 
the crucible was covered and fastened with 
bolts and nuts in preparation for a run. The 
furnace was then plugged to the mains, pre-set 
and heated with the aid of an electric heating 
element to a temperature 50 oC higher than the 
desired pyrolysis temperature in order to 
compensate for the heat loss during the 
insertion of the crucible. When the furnace 
attained the pre-set temperature, it was opened 
and the crucible was inserted into it. The 
furnace was covered again and reset to the 
actual pyrolysis temperature. This procedure 
was followed for the pyrolysis temperatures of 
400, 500 and 600 oC with a residence time of 
15 min.  After each run, the bio-oil and char 
yields were weighed and expressed in 
percentages of the weight of the initial sample 
while gas yield was obtained by mass balance. 
In the second batch, 100 g of Daniellia oliveri 
(without catalyst) was measured and 
pyrolyzed at 400, 500 and 600 oC for 15 min. 
The bio-oil, char and gas yields were also 
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quantified following the same procedures as in 
catalytic pyrolysis.  

 
Figure 1: The exploded view of the pyrolysis reactor 

 
3. Results and Discussion 
3.1 Effect of catalyst and temperature on 

char yield 
Figure 2 shows char yields at different 

biomass/catalyst ratios for different pyrolysis 
temperatures. As shown in Figure 2, the yield 
of char increased with increasing catalyst 
percentage for all the temperatures considered. 
For a biomass/catalyst ratio of 90/10, the 
highest (32.5%) and lowest (21.69%) yields of 

char were obtained at 600 and 400 oC, 
respectively; for 80/20 ratio, the highest 
(37.03%) and lowest (33.44%) were at 400 and 
600 oC; for 70/30 ratio, the highest (39.89%) 
and lowest (35.48%) were at 400 and 500 oC; 
and for 60/40 ratio, the highest (49.42%) and 
lowest (42.40%) were at 500 and 400 oC. These 
findings suggest that the effect of temperature 
on char yield in catalytic pyrolysis is dependent 
on biomass/catalyst ratio. 
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Figure 2: Char yields at different biomass/catalyst ratios and pyrolysis temperatures 
 
3.2 Effect of catalyst and temperature on 

bio-oil yield 
Figure 3 shows bio-oil yields at different 

biomass/catalyst ratios for different pyrolysis 
temperatures. As shown in Figure 3, bio-oil 
yields at 400 and 600 oC followed the same 
trend for different biomass/catalyst ratios. An 
increase from 10 to 20% of catalyst in the 
feed resulted in bio-oil yield reduction. A 
further increase in catalyst percentage to 30% 
in the feed increased bio-oil yield by 13.01% 
at 400 oC and by 1.55% at 600 oC. At a higher 
percentage of the catalyst (40%) in the feed, 
bio-oil yield decreased by 11.87% at 400 oC 
and by 1.91% at 600 oC.  Unlike at 400 and 

600 oC, different biomass/catalyst ratios at 
500 oC did not cause any significant changes 
in bio-oil yields, the variation in the yields 
being in range −0.38 to +3.45%. Figure 3 
also shows that the effect of temperature on 
bio-oil yields at different biomass/catalyst 
ratios did not follow any consistent trend. 
However, aside from biomass/catalyst ratio 
of 90/10, bio-oil yields were maximum at 500 
oC for all other ratios. This finding is very 
significant for catalytic pyrolysis of Daniellia 
oliveri where the yield of liquid bio-fuel is a 
priority.  

 

 
Figure 3: Bio-oil yields at different biomass/catalyst ratios and pyrolysis temperatures 

 
3.3 Effect of catalyst and temperature on 

gas yield 
Figure 4 shows gas yields at different 
biomass/catalyst ratios for different pyrolysis 
temperatures. As shown in Figure 4, gas yields 
at 400 and 500 oC followed the same trend up 
to biomass/catalyst ratio of 70/30. An increase 
in catalyst percentage in the feed from 10 to 
20% resulted in a reduction in gas yield by 
2.24% at 400 oC and by 8.85% at 500 oC. A 

further increase in catalyst percentage to 30% 
in the feed further reduced gas yield by 15.87% 
at 400 oC and by 1.44% at 500 oC. However, at 
a higher percentage (40%) of catalyst in the 
feed, gas yield increased by 9.36% at 400 oC 
while it decreased by 10.11% at 500 oC. It is 
necessary to point out, as shown in Figure 4, 
that gas yield decreased consistently with 
increase in catalyst percentage at 500 oC, with 
the lowest yield (19.73%) in all of the catalytic 
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experiments obtained at this temperature at 
biomass/catalyst ratio of 60/40. Unlike the 
trends observed at 400 and 500 oC, an initial 
increase in catalyst percentage from 10 to 20% 

in the feed increased gas yield by 14.59% at 
600 oC. Beyond this catalyst percentage, any 
increase in catalyst percentage resulted in a 
continuous decrease in gas yield at 600 oC. 

 

 
Figure 3: Gas yields at different biomass/catalyst ratios and pyrolysis temperatures 

 
3.4 Comparison of catalytic and non-

catalytic product distribution 
 

3.4.1 Char yield 
The comparison between char yields from 

non-catalytic and catalytic pyrolysis of 

Daniellia oliveri is shown in Figure 5. It is 
shown that char yield increased with the 
percentage of catalyst at all temperatures in the 
catalytic experiments. It can also be seen from 
Figure 5 that char yields from the   catalytic 
runs at all biomass/catalyst ratios at  

 

 
Figure 5: Comparison of char yields from non-catalytic (NC) and catalytic pyrolysis 

 
a particular temperature are higher than the 
yields from non-catalytic runs at the same 
temperature. Moreover, it is shown that char 

yields from all the cases but one (at 400 oC and 
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runs were higher than those from non-catalytic 

15

25

35

45

55

9 0 / 1 0 8 0 / 2 0 7 0 / 3 0 6 0 / 4 0

G
A

S 
YI

EL
D

 (
%

)

BIOMASS/CATALYST RATIO

400 ᵒC

500 ᵒC

600 ᵒC

0 10 20 30 40 50 60

90/10

80/20

70/30

60/40

NC

Char yield (%)

600 ᵒC
500 ᵒC
400 ᵒC



Okekunle et al.                                                                                                        CJET (2021) 5(1) 29-36 

URL: http://journals.covenantuniversity.edu.ng/index.php/cjet                                                                                         34 

 

runs. These results show that the use of sodium 
carbonate as catalyst increased the yield of char 
from pyrolysis of Daniellia oliveri.  
 
3.4.2 Bio-oil yield 

Figure 6 shows the comparison between 
bio-oil yields from non-catalytic and catalytic 
pyrolysis. It can be seen that in most cases, bio-
oil yields from catalytic pyrolysis at 500 oC 
were higher than all the yields from non-
catalytic runs. Figure 6 also shows that the 
highest yield of bio-oil in all the runs (catalytic 
and non-catalytic) was obtained at 600 oC and 
biomass/catalyst ratio of 90/10. These results, 

considered together with char yield trends, can 
inform the choice of the appropriate conditions 
for maximizing the yield of liquid fuel from 
catalytic pyrolysis of Daniellia oliveri.  
 
3.4.3 Gas yield 

Gas yields from non-catalytic and catalytic 
experiments are compared in Figure 7. It is 
shown that gas yields from non-catalytic 
experiments were higher than all the yields 
from catalytic pyrolysis. These results show 
that the use of sodium carbonate as catalyst 
reduced the yield of gas from pyrolysis of 
Daniellia oliveri.  

  

 
Figure 6: Comparison of bio-oil yields from non-catalytic (NC) and catalytic pyrolysis 
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Figure 6: Comparison of gas yields from non-catalytic (NC) and catalytic pyrolysis 

4. Conclusions 
In this study, the effect of sodium carbonate 
catalysts on biofuel yields from pyrolysis of 
Daniellia Oliveri sawdust has been studied. 
Char, bio-oil and gas yields from catalytic 
pyrolysis were compared with those from non-
catalytic experiments. Based on the findings 
from this work, the following conclusions were 
drawn: 

i. Char yield increased with an increasing 
Na2CO3 catalyst in the feed for all the 
pyrolysis temperatures considered. 

ii. Gas yield decreased with an increasing 
Na2CO3 catalyst in the feed for all the 
pyrolysis temperatures considered. 

iii. Bio-oil yields at 500oC were not 
significantly affected by increasing the 
percentage of Na2CO3 catalyst in the 
feed.  

iv. Bio-oil and char yields from Na2CO3 – 
assisted pyrolysis were generally higher 
than those from non-catalytic 
experiments. 

v. The presence of Na2CO3 in the feed 
reduced gas yield for all the temperatures 
considered. 
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Abstract: An optimal operation of compressors used onboard vessels for various 
purposes is very important. In this study, the drawbacks of conventional air 
compressors are addressed. Interruption of the operations by unpredictable 
electrical power blackout and corrosion are the key drawbacks. The corrosion 
occurs due to a manual drain, which depletes the life of the air tank, thereby causing 
damages to the compressors. To address this challenge, the need for modification 
of conventional air compressors is imperative. Hence, this study entails the design 
and fabrication of an air compressor system with rechargeable characteristics, well 
equipped with an automatic drain sensor and pressure switch, to obtain optimal 
system efficiency and reliability. From the obtained results of the test and 
performance of the compressor, it is obvious that it is efficient and reliable for 
onboard ship operations.  
Keywords: Air compressor, Design, Fabrication, Ship operations, Rechargeable 

                                          
1. Introduction 

Compression technology has made a 
significant impact in industries [1]. Air 
compressors are used in various marine vessels 
to provide compressed and pressurized air for 
many applications, such as starting the main 
engine, auxiliary engine, emergency generator, 
and emergency fire pump [2]. Various 
compressors design and experiments have 
been conducted in different publications [3-7]. 
Air compressors such as main air compressors, 
emergency air compressors, and topping up air 
compressors are used onboard vessels. The 
mechanism of the air compressor is used to 
force air into a storage tank, which causes a 
gradual pressure increase in the tank [8-9].  

The underlying engineering science 
supporting the design practices of compressors 
is demonstrated in various research [10-11]. 
Shuts off of air compressor occurs whenever 

the pressure of tank reaches its upper limit. The 
compressed air is stored in an air tank for 
utilization. Whenever the air is released from 
the tank, it releases kinetic energy that can be 
used for pneumatic device activation, transfer 
of air, and cleaning operations. The tank 
depressurizes when the air is released from 
them. Once tank pressure reaches its lower 
limit, the air compressor turns on again and re-
pressurizes it.  

Xu and Muller [1] studied the volute flow 
mechanisms in a compressor to provide 
comprehensive design guidance. They 
demonstrated how the viscous Navier-Stokes 
equations simulate the flow inside the vane-
less diffuser and volute of air compressor to 
improve efficiency and operating range. The 
numerical calculation obtained from the study 
is in line with the experimental data [1]. In 
Shin et al. [8], a rotary-type compressor with a 
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novel structure design is proposed to improve 
the cooling capacity and mechanical 
efficiency. The novel structure used the inner 
space of the roller as an additional working 
volume to compress more refrigerant under the 
same main dimensions of the compressor. 
Thus the cooling capacity is improved by 
31.28–37.99% compared to the conventional 
rolling piston-type rotary compressor [8].  In 
Langa et al. [12], the impact of Profiled End 
Wall (PEW) on the performance and working 
range of centrifugal compressors is 
demonstrated. PEW is an effective method 
used to reduce secondary flows and associated 
losses to improved efficiency. The numerical 
simulations conducted for different PEW 
treatments are recorded and benchmarked 
against experimental data from the exemplar 
open test case called 'Radiver.' The results 
produced from the research illustrated that the 
compressor operating range is significantly 
extended to 39%, with no significant decrease 
in efficiency or pressure ratio. Conventional 
air compressors tend not to meet today's 
demand for onboard services because of 
operational failure caused by unpredictable 
electrical power blackout and corrosion. One 
of the corrosion causes is the manual drain, 
which depletes the tank's life. To improve the 
efficiency and reliability of compressors 
onboard vessel, a compressor with unique 
characteristics such as the ability to recharge, 
possess automatic drain with less human 
intervention, more ease of operation and 
transportation, and operating silently with high 
thermal efficiency be developed. 

In view of this, the research aims to design 
and fabricate a rechargeable and automatic 
drain air compressor system. The design and 
fabrication exercise accommodated a hermetic 
compressor. The hermetic compressor will 
make it noiseless and reduce the condensate 
level accumulated in the air receiver tank to an 
acceptable level. An automatic condensate 
drain sensor or solenoid valve, an inverter, 
battery charger, pressure switch, pressure 

relief valve, pressure regulator, hermetic 
compressor, control panel, pressure gauge, air 
gun or quick connect, dampers, moisture 
absorber, and a mobile body frame will be used 
to design and fabricate the air compressor. The 
research structure is outlined as material and 
methods in Section 2, results and discussion in 
Section 2, and conclusion in Section 4. 
 
2. Material and Methods 

The various air compressor components 
such as air storage tank or air receiver, a 
hermetic compressor, a solenoid valve, a 
12volts DC battery, a pressure control unit, 
control panel, inverter, battery charger, air gun 
and hose, cooling fan, air filter, dryer, a non-
return valve or check valve, damper, body 
frame, battery terminals, tires, and foam or 
moisture absorber are used in the design and 
fabrication. The usability of various systems 
has been detailed in various literature [13-20]. 
The component specification and rating are 
described as follows: The air tank's capacity: 
The air tank's volume is 0.0160 m3, which is 
equivalent to 16litres. Material of the air tank 
or air receiver: The material used for 
producing the air tank is Alloy steel. The 
properties are of great permeability and 
durability, high tensile, and yield strength. The 
color is blue. The maximum pressure capacity 
of the tank is 250Psi (17.24bar). The maximum 
safe operating pressure is 145Psi (10bar). The 
length of the air tank is 380mm (0.38m), the 
diameter is 232mm (0.232m), and the radius is 
116mm (0.116m). 
 Compressor ratings: The compressor 

brand is Samsung. The type of material 
used is steel, and the motor type is RSIR 
with a frequency of 50Hz. The power is 
225watt with a voltage rating of 
220/240volts. 

 Battery ratings: The battery rating is 24 
volts and 18 amperes for voltage and 
current, respectively. The inverter has a 
similar rating as the battery. 
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Storage capacity of the air tank analysis 
The storage capacity of the air tank is 

calculated using Equation 1.  
                                     lrV 2                  (1) 
 

where the radius, m
d

r 116.0
2

232.0

2
  

 
Length, = 0.38𝑚; Therefore, 
                           V = 𝜋 × 0.1162 × 0.38(m3) 
                           V = 0.0160m3 ≈ 16litres  
 
2.1 Free Air Delivery Analysis 

The capacity of the Free Air Delivery 
(FAD) can be calculated using Equation (2).  

 min312 m
t

V

P

PP
QFAD

o




          (2)                                                                        

    Where 𝑃2 in the bar is the final pressure after 
filling.  
𝑃1 in the bar is the initial pressure after 
bleeding.  
𝑃0 is the atmospheric pressure which is equal 
to 1.0135bar.  
𝑉 is the storage volume in 𝑚3 which includes 
the receiver and delivery pipes.  
𝑡 is the time it takes to build up pressure to 𝑃2. 
Its unit is minutes.  
From the International Standard Organization 
(ISO), free air delivery can be calculated in 
standard cubic feet per minute (SCFM) at 
conditions between 1 to 7bars. Therefore, 
 
  P2 = 7bar, P1 = 1bar, P0 = 1.0135 bar 
 
Standard FAD = 

min0215.0
4.4

016.0

0135.1

17 3m


 

 
Also, SCFM = 0.0215×35.31=0.76 (CFM) 
Calculating the actual FAD from the 
experiment at values of the following: 
  
P2 = 10bar, P1 = 4bar, t = 4.30minutes 
 

Actual FAD =      10 – 4   × 0.0160 = 0.0220m3 
/ min. 
                             1.0135       4.30 
Therefore, ACFM = 0.0220 × 35.31 = 
0.78CFM. 
 

Volumetric efficiency of the compressor 
The volumetric efficiency of the 

compressor is the ratio of actual capacity to 
piston or compressor displacement. 
Mathematically, it is expressed as:  
 

 %100
P

V D

FAD
                                (3)                                   

Piston displacement denoted as PD is the swept 
volume of the piston per unit time. It is 
expressed in cfm. 
 

Nn
d

DP  1
4

2
      (4) 

Where the 𝑏ore diameter, 𝑑=25m𝑚, stroke = 
24𝑚m, 𝑛umber of cylinders, 𝑛=1, and several 
𝑟evolution = 3000rpm. 
 

min0353.03000024.01
4

025.0 3
2

mDP 





 

Substitution of PD  in Equation (3) gives:  
                                      

%30.62%100
0353.0

022.0
V  

 
2.2 Battery Charging Time Analysis 

The calculation of the time it takes the 18 
amp battery to charge and drain is expressed 
below. The charging current is 10 Ampere. 
Then, the charging time for the 18 Amps 
battery is given as shown in Equation (5): 

hrs8.1
10

18
 (This is an Ideal case) 

It is practically noted that 40% of losses occur 
in the case of battery charging. Then, 
 

  amps2.7100
4018   
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Charging time of battery 

=  
Ah (Amp Hour)

Charging current
     (5) 

                                              

= hrs04.5
10

4.50
 (in real case) 

Therefore, an 18 Amp battery would take 5.04 
hours to be fully charged. 
 
2.3 Battery Draining Time Analysis 

The backup time of a battery depends 
essentially on power consumption, battery 
voltage, and battery capacity. Most batteries 
have a nominal voltage of 12volts and may 
require a back–up for effectiveness. 
Mathematically, it is given by the expression 
in Equation (6):  
 
Back up time 

=  
Power consumption (watt)  ×  Battery backup (hours)

Voltage   of   the   battery
    (6) 

 

In this research, the power consumption is 225 
W. The power of the battery = 18 Amp × 24 = 
432 W  
 

Therefore, Back-up time = hrs292.1
225

432
     

This means that the battery will take 2 hours to 
drain. 
 
2.4 Design and Assembly Drawing of the 
Automated Compressor 

The various design views of the automated 
compressor are shown in Figures 1-4 as model 
design overall dimensions, exploded view of 
the system showing more of the electrical 
parts, exploded view of the compressing unit 
of the system. And complete design model of 
the rechargeable compressor and automatic 
drain system, respectively. Figure 5 shows the 
prototype of the locally fabricated 
Rechargeable and automatic drain air 
compressor system

.                          

Figure 1: Model design overall dimensions 
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Figure 2: The exploded view of the system showing more of the electrical parts 
 

 
Figure 3: Exploded view of the compressing unit of the system.  
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Figure 4: The Complete design model of the rechargeable compressor and automatic drain 

system 
 

 
Figure 7: Picture of the Locally Fabricated Prototype 

  
3. Results and Discussion 

The volume of the air tank is 0.0160m3, 
which is equivalent to 16litres. In calculating 
the quantity of compressed air stored in the air 
tank, 28.33litres of free air at 7.58bar was 
reduced to 1/10 original volume. Therefore, 
for a 16 litres tank pressurized to 7.58bar, the 
tank would store about 4.623 × 10 = 42.3 
gallons (160litres) of air. For the Compressor, 
the value of the airflow rate at standard 

condition (SCFM) is 0.0215m3/min 
(0.76CFM), and that of the airflow rate at any 
reference point (ACFM) is 0.0220 m3/min 
(0.78CFM). These results imply that the actual 
quantity of compressed air delivered to the 
discharge system at rated speed and underrated 
conditions between 4 to 10bar. At 4.30 minutes 
is 0.78 cubic feet of air per minute (22litres of 
air per minute) of the work cycle. Various 
rated conditions for calculating the Actual 
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FAD at 𝑃0=1.035 bar, 𝑃1= 4𝑏ar, gave the 
results as shown in Table 1. From the 
illustration in Figures 6 and 7, it is clear that 
the FAD is dependent on the operating 
pressure. This can be seen as the FAD 
increases with an increase in operating 
pressure. The rating of FAD is usually 
associated with pressure. It is also a function 
of time. As the time increases with an increase 
in operating pressure, the FAD increases. In 
Figure 7, the actual FAD is 0.0220 m3/min at 
10.0 bar. According to the Compressed Air and 
Gas Institute (CAGI) ratings of air 
compressors, the rechargeable and automatic 
drain air compressor system is perfect for light 

pneumatic duties. The complete results of the 
calculations are expressed in Table 2.  
 
Table 1: Relationship between operating 
pressure and ACFM at various time intervals 

𝑷𝟐 
(bar
)  

Volume 
(𝒎𝟑)  

Time 
(minutes)  

FAD 
(m3/min)  

10.0 0.0160 4.30 0.0220 

9.0 0.0160 4.17 0.0189 
8.0 0.0160 4.13 0.0152 
7.0 0.0160 3.98 0.0118  
6.0 0.0160 3.80 0.0082 

 

 
Figure 6: The graph of air delivery against operating pressures airflow diagram 

 

 
Figure 7:  The graph of operating pressures against time 
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Table 2: The results of the calculations 
PARAMETERS VALUES 
The capacity of Tank 
(V) 

0.0160 m3 (16litres) 

Maximum Safe 
Operating Pressure 
(P2) 

145 Psi (10 Bar) 

 Power 225 Watt 

SCFM 0.76 CFM 

ACFM 0.78 CFM 

Standard FAD 0.0215 m3/min 

Actual FAD 0.0220 m3/min 

Volumetric 
Efficiency 

63.2% 

Piston Displacement 0.0353 m3/min 

Battery Charging 
time 

5.04 Hours 

Battery Drain time 2 Hours 

 
4. Conclusion 
The research aims to design and fabricate a 
rechargeable and automatic drain air 
compressor system for shipboard services. The 
16litres capacity system was designed to safely 
and reliably compress air at a maximum 
operating pressure of 10bar. The material 
selection, design considerations, calculations, 
drawings, and assembly were made before the 
project was fabricated. The materials used 
were selected to meet standard requirements. 
The air storage tank volume was determined 
using the basic parameters. Tank Length of 
0.38m and a diameter of 0.232m were used. 
The other parameters required were 
determined and are stated in Table 2. The 
fabrication was done using locally available 
materials. The test results show that the 
performance of the fabricated air compressor 
system was found to be satisfactory, and the 
output of the compressor is up to the expected 
level.  
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Abstract: This study analyses and compared the exhaust gas emission of two different air-
fuel mixture, Pure Gasoline and Bioethanol Fuel blend (E10 and E20), in a spark-ignition 
(S.I.) engine. Proximate and ultimate analyses of pure gasoline and bioethanol blend were 
carried out for their respective percentage (%) elemental composition for each fuel (i.e., 
carbon, hydrogen, oxygen, sulphur, nitrogen, metals, and water). The analysis reveals that 
pure gasoline has high carbon (C) content of 86%, and bioethanol has a carbon content of 
52.2%. Oxygen content stands at 33-35% and was carried out at varying load conditions. 
To ascertain their CO., CO2, HC., NO, lambda, and the calorific values of exhaust emission. 
The result clearly shows that bioethanol's calorific value is lower than that of gasoline, 
which gives a remarkable increase in mechanical efficiency, which was attributed to an 
increase in the oxygen content in bioethanol, ethanol blend during combustion gives an air-
fuel mixture lean in an unmodified engine. Hence the mixture strength (charge) burns more 
rapidly. Bioethanol blends in gasoline engines reduce CO. emissions, unlike gasoline, 
which gave higher CO emissions. The gas emission test was conducted on E10, and 
E20.and effective combustion was determined and completed much earlier in the 
expansion stroke, thereby decreasing the probability of CO emissions due to flame 
quenching. At the end of the investigation, it was found that bioethanol blend reduces CO 
and HC in exhaust stroke by 40% and gives a higher compression ratio (high speed) thus, 
causes a decrease in CO2 NOX. E20 for both idle and high speed recorded a remarkable 
reduction in comparison. Therefore, bioethanol fuel blends in gasoline engines are 
recommended as mitigation against the greenhouse gas effect. 
Keywords— Bioethanol fuel blend; the calorific value of blend; exhaust gases; emission; 
and petrol engine 
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1. Introduction 
Due to the growing industrialization and the 

expanding transportation sector worldwide, 
increasing demand for energy, specifically fossil-
oriented energy. The world energy consumption is 
expected to increase to 180,000 GWh/year by 2020 
[1]. Extensive use of fossil fuels over the years has 
resulted in increased prices of petroleum and 
electricity as well as a negative impact on the 
environment resulting from increases in 
greenhouse gas (GHG) emissions [2]. It is 
estimated that 81% of the world energy 
requirement utilization is obtained from fossil fuels 
[3]. 

Thus, the limit of fossil fuel reserves is quite 
clear. Global warming is growing. The increasing 
demand of crude oil (gasoline/diesel) is escalating 
by the day. The emission regulations are rhythm 
out from its utilization.  Gasoline is a refined 
product of petroleum consisting of a mixture of 
hydrocarbons, its composition widely varies 
depending on the crude oils, gasoline is the second 
product to be extracted from crude oil by heating 
to boiling point of 110oc. 

Flammable liquid, transparent liquid primarily 
used as a fuel in most spark ignition (SI) engines. 
EIA (2020), it remains the world most important 
source of energy today. Due to its chemical 
contents mainly BTEX it as many harmful effects 
(environmentally) [3]. Alternatively, biofuel 
(bioethanol and biodiesel) is being perpecturateted 
to reduce the gassy emissions regimen. Studies 
have been reported on the application of bioethanol 
on S.I. and CI engines, which is the focus of these 
studies, and it is based on three aspects [4-5]. The 
application methods of bioethanol on petrol 
engines, fuel properties of bioethanol-gasoline 
blends, and out-there on the combustion and its 
resulting emission characteristics. To minimize the 
over-reliability of oil and contribute to the raising 
efforts of decarburizing the transport sector. 
Bioethanol fuel (ethyl alcohol) is a clear burning 
alternative fuel made from feedstock (wood, corn, 
cassava, sugar cane, vegetable matters, animal fats, 
to mention but a few) it is oxygenated (high oxygen 
content) with high octane rating and naturally 
burns, it can be renewed again and again without 
depleting its original source 

Ethanol is a biodegradable and sustainable 
energy of organic chemical compound comprising 
of hydrogen, carbon and oxygen. It is a clean and 
clear liquid that looks like water (colourless), 
completely miscible with water [25]. Bioethanol 
has a somewhat sweet flavour when diluted with 
water which is part of its resource base, its pungent, 
and naturally denotes, with burning taste when 
concentrated, odourless, it is more volatile than 

water, flammable, burns with a light blue flame, 
and has excellent fuel properties for spark ignition 
internal combustion engines. Biofuels also have 
the budding/latent to minimize CO., HC., NOX, and 
chapped emissions resulting from combustion in 
comparison a liter of ethanol contains about two-
thirds as much energy as a liter of gasoline. [21] 
However, pure ethanol has high octane value, 
which improves the performance of gasoline when 
blended and reduces the likelihood of engine knock 
problems, which occurs when fuel combusts too 
soon in an engine cylinder when a vehicle is 
working hard to accelerate. Since ethanol 
molecules contain (oxygen) unlike gasoline 
molecules ethanol fuel is referred to as 
“oxygenated”. The oxygen in ethanol can improve 
the fuel combustion process thereby reducing 
emission such as carbon monoxide, ozone from 
unburned hydrocarbons, car inorganic particulates 
amongst other [21].     

However, for related reasons, ethanol 
combustion reacts more with atmospheric 
nitrogen, which can marginally increase emissions 
of ozone-forming nitrogen oxide (NO2) gases. It 
also contains a negligible amount of Sulphur 
compared to petroleum, blending ethanol with 
gasoline helps to reduce the sulphur content. 
However, even at high concentrations of ethanol, 
minimal amounts of water will draw the ethanol 
out of the blend away from the gasoline. Ethanol 
and gasoline are very similar in specific gravity. 
The two fuels mix readily with minimal agitation, 
since the biomass used to produce ethanol is 
created by photosynthesis and the carbon dioxide 
formed by the combustion of ethanol is recycled 
back to the air. The net reduction in greenhouse 
gases related to ethanol’s displacement of 

petroleum fuel can vary substantially depending 
upon the amount of fossil fuel used in the ethanol 
fuel production process. Therefore, bioethanol 
produced through fermentation or synthesis 
provides a way of shifting to low-carbon, non-
petroleum fuels, and chemical catalysts [6]. While 
improving vehicle efficiency is by far the essential 
low-cost way of reducing carbon dioxide (CO2) 
emissions in the transport sector. Biofuels also 
have the potential to reduce C.O., H.C., NOx, and 
particulates emissions [7]. There are many 
parameters available in automobile engine that 
determines performance and emission of an 
engine. First is to determine the yield process and 
desire combustion quality, (required standards) 
and secondly is to give maximum output power 
requirements. The investigation indicated a 
considerable reduction in smoke and NO level. 
This was accompanied by an increase in brake 
thermal efficiency at high output, ignition delay 
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and pressure rate went up. The rate of heat release 
in the premixed burn period was higher, when 
oxygen concentration in the intake was enhanced 
by 25% step up along with the use of water diesel 
emulsion the brake thermal efficiency improved 
and there was a further reduction in smoke level 
HC and CO levels also dropped alongside with NO 
emission went up due to temperature increase and 
oxygen availability. The variable compression 
ratio on a spark-ignition engine is designed to run 
on pure gasoline and ethanol-gasoline blend based 
on different ratios (EER) 10% and 20% by volume. 
In comparison with Manoel et al. [8], where a 
Binary search algorithm was used to determine the 
level of emission, and Ejilah et al. [9] reported a 
multicommuted flow analysis approach on TD110-
115 Petrol Engine to engulf with an SV-5Q motor 
vehicle silencer gas analyser was used to determine 
the influence of fuel blends samples and lambda on 
heat and emissions of a petrol engine base on 
different loadings on the effect of lambda, silencer 
gas temperature, heat loss in the engine, and 
silencer gas analysis. 
 
2. Materials and Methods 

2.1 Preparation of Gasoline Ethanol Blend  
The synthesis of catalysts and bioethanol 

production by the non-conventional method 
has earlier been reported [10]. A given volume 
(four litres) of unleaded gasoline sourced from 
Total Nigeria and AYM Shafa Plc were 
blended with half a litre. One litre of 
bioethanol produced from cassava using a non-
conventional method (the use of synthesized 
heterogeneous catalyst) in a beaker marked 
E10 and E20 (10 and 20 percent by a ratio of 
the bioethanol to 90 and 80 percent of petrol, 
respectively). The blend was stirred 
continuously for a quarter of an hour at room 
temperature to attend a homogenous state and 
ensure relative phase stability and consistency 
of the blend on short-term measure. The choice 
of EER blend (E10 and E20) adopted for this 
study is in line with the U.S (FFR) [11]. 
    

2.2 Proximate and Ultimate Analysis 
SV-5Q Automobile gas analyser was used to 
carry out the proximate and ultimate analysis. 
The equipment model, TD110-115, 45kg net 
weight with CR of (compression ratio) 20.5:1, 
temperature between 5 – 40 0C, humidity < 
95% atmosphere and pressure was set at 

between 60-106 KPa. Fuel moisture was first 
carried out by weighing a required quantity of 
the sample, which was subjected to heat 
at103°C in an oven, then allowed for cooling. 
It was then reweighed. This analysis was to 
guarantee complete drying of the sample, and 
the procedure was repeated until its weight 
remained constant. The variance in the weight 
between the dry and fresh sample gives the 
moisture content in the fuel, and subsequently, 
readings of other various elemental 
compositions in the bioethanol, gasoline, and 
its blend was recorded. This is in line with [12-
13]. 
 

2.3 Engine Exhaust Gas Emission 
Analysis 

Peugeot 406 Nigeria's four-stroke internal 
combustion engine (E10 model) was used to 
investigate gas emission analysis on ethanol 
energy ratio (EER) of E10, E20, and pure 
gasoline fuel additives to determine engine 
performance. Furthermore, the comparative 
analysis for air-fuel mixture exhaust gas 
emission based on technical specifications was 
carried out; which is in agreement with the 
standard of SAE practice SAE J1312 for the 
four-stroke engine. The process was carried 
out on each of the three EER blends for idle 
and high-speed loadings, respectively, as in 
Plate 1. 

The vehicle in which the analysis was 
carried out was placed (parked) on a 
computerized weighbridge. The emission 
analyser code was inserted in the exhaust. 
While the engine remained running (under all 
loads) the respective emission elements 
(calorific value (air/fuel ratio), lambda, H.C. 
(ppm), CO%, CO2%, O2% and NO in ppm) 
were displayed on the monitor of the computer 
for reading/recording. The results were 
recorded for each fuel sample for both idle and 
high-speed load (Tables 1 to 4). At the same 
time, a comparison was made manually based 
on the results obtained and the benchmark of 
the gasoline test, in agreement with the 
standard of SAE practice SAE J1312, in 
agreement with Abdulkarim et al. [14] and 
Artur et al. [15]. 
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Plate 1: Gas Emission Test device and the test

 
3. Results and Discussion 

In this section, the investigational results of 
emission and its comparison for fuel-air mixture 
combustion for pure gasoline and gasoline 
bioethanol blend on the pollutant emissions 
emitted from the engine are reported and 
discussed. It must be brought up here that Ethanol 
Energy Ratio (EER) represents the ratio of ethanol 
blend. 
 
2.1 Proximate and Ultimate Analysis of Raw 

Ethanol Produced 
Proximate and ultimate analysis carried out to 

determine various elemental compositions of the 
three fuels; (pure gasoline, pure ethanol, and 
gasoline-ethanol blend (E10 and E20) with 
particular reference to oxygen, carbon, and 
hydrogen content of their respective fuels 

combustion and emissions comparison. It was 
observed that pure gasoline contains 86% carbon 
and oxygen 0%, compared with bioethanol and its 
blend, which contains 50.10% – 52.20% of carbon 
and 33.35% - 34.80% oxygen (Figure 1). H.C. and 
C.O. are products of incomplete combustion or 
inappropriate catalytic converter from pure 
gasoline combustion, which results from flame 
quenching on the surface of the piston crown 
containing a high carbon percentage. 

Moreover, oxygen deficiency could result in 
incomplete combustion and subsequent power 
loss. Therefore, resulting in carbon monoxide 
formation compared with bioethanol blend. This 
gives better combustion developed from lean fuel 
mixture with high oxygen content, as shown in 
Figure 1. 
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Figure 1: Carbon Content in Pure Gasoline and 

the Fuel produced using synthesized catalyst and 
α-Amylase 

 

 
Figure 2: Oxygen Content in Pure Gasoline and 
the Fuel produced using synthesized catalyst and 

α-Amylase 
 

The carbon monoxide focus diminishes as 
the EER mix builds due to the expansion of 
bioethanol, which is exceptionally 
oxygenated. Making the combination 
slenderer and gave better ignition with less 
C.O. creation. Figure 2 portrays the rates of 
oxygen present in the various energizes by 
close and extreme examination. This is in 

concurrence with Haroun et al. [16] 
discoveries. The H.C. emanation diminishes 
with the expanding EER mix. Rapid outcomes 
in stable ignition measures and quicker fire, 
along these lines, discharges fewer outflows 
after burning on account of its higher octane 
rating, which has the chance of motor thump 
event. High oxygen content in bioethanol 
additionally lessens nitrogen oxide emanation 
from the ignition, higher warmth vaporization, 
and fire speed. It gives more oxygen to the 
ignition cycle prompting a "learning impact" 
in adaptation [17]. 

When contrasted with conventional 
unleaded gas, bioethanol gives clean-
consuming and without particulate fuel when 
combusted. The final result is carbon dioxide 
and water. The NOx focus relies on burning 
temperature, accessibility of oxygen (lambda), 
and better ignition time. The NOx increments 
as the EER mix increments close by with load 
increment. This is because of a superior 
burning cycle because of a higher ignition 
temperature, which favours NOx 
development. As motor speed was expanded, 
the NOx discharges for all mixing proportions 
were additionally slowly expanded. 
Unadulterated fuel during the burning cycle 
for a complete transformation of carbon and 
hydrogen, lacking oxygen was challenging to 
accomplish, prompting particulates and carbon 
monoxide exhaust discharge. Hence, oxygen-
enhanced ignition is essential and a critical 
factor for contamination control and improved 
motor burning; this is in confirmative [18]. 
 
2.2 Engine Exhaust Gas Emission     

Tables 1 to 4 showed the gas emission test, 
C.O., and CO2 emissions and were compared 
for all fuel mixtures as depicted in Figure 3 and 
4. It was seen that the bioethanol mix is 
reasonable at all heaps because lesser carbon 
monoxide outflow was recorded contrasted 
with unadulterated gas. Base on the 
examination in this investigation, bioethanol at 
10% and 20% by volume are better at all 
heaps, and high-pressure proportions were 
accomplished; this is in arrangement [19]. 
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Table 1: Gas Emission Test Result for Pure 
Gasoline: IDLE SPEED 

Gas 
Emission 
Test 

Max. Min. Average Status 

HC 
(ppm) 

201 443 332 X 

CO (%) 0.75 2.05 1 V 
Lambda 1.01 1.07 1 V 
CO2 (%) 11 13 12  
O2 (%) 0.9 0.99 0.94  
NO 
(ppm) 

171 788 479.5  

 
 "X" refers to incomplete combustion for idle 
speed loading for all cases of H.C. emission. At the 
same time, C.O. represents inappropriate 
combustion resulting from catalytic converter or 
oxygen deficiency. Also, "V" means complete 
combustion in all loading. 
 
Table 2: Gas Emission Test Result for Pure 
Gasoline: HIGH SPEED 

Gas 
Emission 
Test 

Max. Min. Average Status 

HC 
(ppm) 

201 391 269 X 

CO (%) 0.73 2.87 1.8 X 
Lambda 0.97 1.07 1.02 V 
CO2 (%) 11 13 12  
O2 (%) 1.65 1.72 1.68  
NO 
(ppm) 

84 341 212.5  

 
Table 3: Gas Emission Analysis Test for 
Bioethanol Blend (E20): IDLE SPEED 

Gas 
Emission 
Test 

Max. Min. Average Status 

HC 
(ppm) 

168 334 260 X 

CO (%) 0.51 1.69 1 V 
Lambda 0.96 1.01 1 V 
CO2 (%) 10 12 11  
O2 (%) 1.69 1.75 1.72  
NO 
(ppm) 

84 380 232  

 
The investigation carried out from the 
experimental analysis in this study shows that 
the engine performance increased. And 
pollutant emission was decreased using 

bioethanol–gasoline blend in an S.I. engine 
against pure gasoline (Figure 5). 
  

 
Figure 3: Gas Emission Test for Carbon 

monoxide at Idle and High Speed 
 
 There are many parameters available in 
automobile engine that determines 
performance and emission of an engine. First 
is to determine the yield process and desire 
combustion quality, (required standards) and 
secondly is to give maximum output power 
requirements. The investigation indicated a 
considerable reduction in smoke and NO level. 
This was accompanied by an increase in brake 
thermal efficiency at high output, ignition 
delay and pressure rate went up. The rate of 
heat release in the premixed burn period was 
higher, when oxygen concentration in the 
intake was enhanced by 25% step up along 
with the use of water diesel emulsion the brake 
thermal efficiency improved and there was a 
further reduction in smoke level HC and CO 
levels also dropped alongside with NO 
emission went up due to temperature increase 
and oxygen availability. 
 The results reveal that when bioethanol was 
blended, the heating value of the blended fuel 
decreased, this result is in line with [20-22]. At 
the same time, the octane rating increased. 
This implies that lambda (air-fuel ratio mixture 
for the combustion process is normal), 
confirmative with standard specification.  
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Figure 4: Gas Emission Test for Carbon dioxide 

at Idle and High Speed 
 

 
Figure 5: Compression Ratio for both fuels at 

both Idle and High speed 
 

And must not exceed "1" as recorded for 
ethanol blend as well as" 1.07" as recorded for 
pure gasoline (Figure 6). In contrast, CO2 

emission from ethanol blend recorded 10% as 
against 13% for pure gasoline and HC. for 
ethanol blend 168 ppm against 201 ppm for 
gasoline for idle speed loadings. Where "V" 
represents complete combustion in all cases, 
from Table 4, it could be observed the increase 
in EER has improved for all exhaust emission 
of the elements (HC., CO, and Lambda). 

Furthermore, as the motor forces increases and 
transparent fuel utilization diminishes, and 
CO. emanation from the motor reductions. 
Because of the inclining impact brought about 
by the expansion of bioethanol HC. discharge.  
The results also show that there were decreases in 
similar working conditions of the CO2 release from 
oxygen and water reduction on account of the 
improved burning [20], [23-25]. The life cycle of 
SI engine also depends on the ethanol blend for 
maximum performance all through the life span 
[27-30]. This analysis will assist the manufacturing 
industry to produce quality fuel blend that will 
reduce environmental pollution thereby improving 
the economical of the nation. 
 
Table 4: Gas Emission Analysis Test for 
Bioethanol Blend (E20): HIGH SPEED 
Gas 
Emission 
Test 

Max. Min. Average Status 

HC 
(ppm) 

189 329 259 V 

CO (%) 0.72 1.95 1.34 V 
Lambda 0.96 1.01 0.99 V 
CO2 (%) 10 13 11.5  
O2 (%) 0.85 0.91 0.88  
NO 
(ppm) 

158 760 459  

 

 
Figure 6: Lambda Value at both Idle and High 

speed 
 
4. Conclusions 

The investigation revealed from the 
proximate and ultimate analysis that pure 
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gasoline has high carbon (C) content of 86%, 
compared to bioethanol with a carbon content 
of 52.2%. In comparison, higher exhaust 
emission of carbon dioxide was recorded when 
pure gasoline was combusted, resulting in 
greenhouse gas and global warming. In 
contrast, a remarkable decrease in emission 
was recorded using a gasoline bioethanol 
blend for combustion, which will contribute to 
the transport sector's decarbonisation if 
implemented. The result reveals that 
bioethanol blends (E20) status indicate 
complete combustion, which is quite suitable 
in replacing pure gasoline in the transport 
sector  

It was also observed that the concentration 
of bioethanol increases alongside with 
reduction in lambda. In contrast, gasoline fuels 
were found to have the lowest silencer 
temperature output under the same conditions.  
The increase in EER blends concentration 
(E10 and E20) shows a remarkable higher 
trend. Due to their higher tendency from 
oxidation, lower C.O. emission was recorded 
in the blends than gasoline during the 
combustion process. 
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Abstract: Reinforcement bars, or REBAR for short, are mainly produced from 
metal scrap or iron ore, or a combination of both. Their manufacturing process 
has a significant effect on their properties, so also are the percentage 
concentration of various constituent elements and the cooling rate in the 
production process. This research work aims to study the physical and chemical 
properties of rebars manufactured in Nigeria vis-à-vis their suitability for 
construction purposes. The effect of chemical composition in rebar on steel 
stresses was studied. Rebar samples were collected at various points in Abuja and 
its environs and tested for their mechanical and chemical properties. The results 
show some tolerable and intolerable deviations from provisions of BS 4449 
B500B 2005 indicating that some of the rebars are satisfactory for use in 
reinforced concrete works while others are not. Tests conducted on the rebars 
include Tensile Strength, Relative Rib Area, Percentage Elongation, Bend and 
Rebend, and Spectrometer tests, among other physical examinations. In some 
rebars, results showed moderate to vast deviation from minimum acceptable 
standard values as specified in BS 4449 B500B 2005 for yield stress, elongation, 
bar diameter, mass per kilogram, carbon equivalent, while there is satisfactoriness 
for other tested samples. 
Keywords: Reinforcement bars, Ultimate Tensile Strength, Yield Strength, 
Elongation, Rib Geometry, Carbon Equivalent. 

 
1. Introduction 

A reinforcement bar is described as a steel 
product with a circular or practically circular 
cross-section suitable for the reinforcement of 
concrete. Steel is at the heart of the economic 
and sustainable development of any nation. It 
is one of the materials most widely used by all 
sectors of the economy, from building 
structures to transport and infrastructural 
development. The world's most advanced 
economies produce and consume large 
quantities of steel [1-3]. Steel is indeed a 
versatile material. About twenty-six different 
elements are used in various proportions and 
combinations to manufacture both carbon and 

low alloy structural steels. [4]. In reinforced 
concrete structures, reinforcement bars play a 
role as a construction material whose 
properties must be known to the users before 
application in either design or construction 
purposes. Codes such as BS4449: 1967, 1969, 
1997, 2005, +A2:2009, and many others have 
specified limits on the properties of 
reinforcement bars and their testing 
procedures amongst others [5]. A 
reinforcement bar is found in virtually every 
concrete and masonry structure. It refers to the 
steel rods installed inside the concrete to help 
them keep their shape and ensure safe, durable 
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structures that will be reliable for years. 
Without them, the natural expansion and 
contraction of concrete will cause weak areas 
to develop, which will ultimately collapse in 
the long run. The tensile strength of concrete 
is only about 10% of its compressive strength. 
Owing to this fact, nearly all reinforced 
concrete structures are designed on the 
assumption that concrete does not resist any 
tensile stress, and this is where the steel come 
to play a major role in tensile stress resistance 
[6].  

The manufacturing process of 
reinforcement bars have a significant effect on 
their properties even though BS 4449 [7] 
contains no specific requirements for rebar 
manufacturing process [8]. It is important that 
quality norms are exercised in the case of 
reinforcement bars which should invariably 
have been rolled from tested billets [9]. 
In Nigeria, investigation showed that steel of 
recognizable origin satisfies both local and 
International Standard Organization (ISO) 
requirements for strength and ductility. On the 
other hand, steel of non-recognizable origin 
failed to satisfy the above requirements for 
high-yield ribbed bars but satisfies the local 
specifications if used as mild steel [10]. A lot 
of behavioral and durability issues affect the 
performance of this composite material. The 
in-depth understanding of these issues 
depends partly on environmental factors, and 
in this case, Nigeria is peculiar [11]. 
Reinforcement bars testing in most 
construction sites have been restricted to 
tensile tests with little or no information about 
other mechanical properties such as rebend, 
elongation, rib geometry and the chemical 
properties. [5].  

The role reinforcement bars play in the 
construction industry is very important as a 

result, many researches have been done on 
reinforcement bars used in Nigeria in the past, 
but there is still need to constantly revisit it 
and carry out studies on it as the properties and 
qualities are always changing, so study should 
be carried out at regular intervals [12]. 
Another reason for this is the worrisome trend 
of building collapse in Nigeria. [13-17].  Some 
previous studies have shown the suitability of 
locally produced reinforcement bars in 
structural works, especially where strength 
and ductility are of great importance [10, 12]. 
In a comparative study of four locally-
produced steel bars and foreign steel imported 
to Nigeria, it was discovered that both the 
local steels and the foreign product met the 
standard for use in the construction industry 
[18]. Some researchers reported different 
results from others, a review by Balogun et.al., 
[19] showed that some locally manufactured 
steel in Nigeria and some West African 
countries fall short of the international 
standard according to the world average 
specification for high yield steel bar report 
[20]. 
 
2. Material and Methods 
2.1. Material 
Reinforcement Bars: The sample materials 
used in this study are 25mm, 20mm, 16mm, 
12mm, and 10mm bars, collected from some 
Steel Mills across Abuja and its environs (but 
their product samples are tagged to conceal 
their identities in the course of the testing), 
open markets, and construction sites. 
Physical Requirements: The finished steel 
bars for reinforced work were rolled and made 
ready for construction works, irrespective of 
their actual weight, dimensions, and defects 
but free of rust and dust. 

 
Table 1. BS4449:2005 A3 2005 – Nominal Cross -Sectional Area and Mass per Metre 

Nominal Diameter (mm) Cross-Sectional Area (mm) Mass per Metre (Kg) 
6a 28 0.222 
7a 38.5 0.302 
8 50.3 0.395 
9 63.6 0.499 
10 78.5 0.617 
12 113 0.888 
16 201 1.58 
20 314 2.47 
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25 491 3.85 
32 804 6.31 
40 1257 9.86 
50 1963 15.4 
a Preferred diameters for the manufacture of welded fabric to BS 4483 only 
Tolerance: Permissible deviation from normal mass/m shall not be more than+/-4.5 
on nominal diameters greate than 8mm, and +/-6mm on nominal diameters less than 
or equal to 8mm. 

2.2 Methods: Steel Testing for 
Mechanical Properties 
(a) Ultimate Tensile Strength 

This test helps in determining the 
maximum stress that the tested material can 
withstand while being stretched or pulled 
before necking, that is, when the specimen’s 

cross section starts to contract significantly. 
Test equipment: Universal Testing Machine 
 
(b) Yield Strength 

It is the lowest stress that produces a 
permanent deformation in the tested material. 
(c) Elongation 
This is the increase in length of the gauge 
length, expressed as a percentage of the 
original length.  
(c) Rib Geometry 
The following are determined under rib 
geometry for the reinforcement samples 
tested: 

i. Rib inclination angle (α) 
ii. Relative rib area (fR) 

iii. Rib height (h)  
iv. Rib spacing (c)  

 
Test Specimen  

The length of the test specimen was 400mm to 
allow for gripping by the RRA machine and to 
allow automatic measurements of the 
geometrical characteristics of the test sample 
for calculating the relative rib area.  

  
Test equipment: Automatic Relative Rib 

Area Machine (RRA machine)  
The relative rib area fR is calculated using 
Equation (1) in accordance with BS4449 
B500B 2005 by using the results of 
measurements of the geometrical 
characteristics discussed: 

 
It is derived mathematically using the 
formula: 

 
fR = (πd - ∑e) x 2am /3πdc    

(1) 
 
Where; 
fR = Relative rib area 
am = Centre height of the rib 
e = Ribless spacing between two rib rows 
d = Nominal diameter 
c = Centre to centre spacing of two ribs 

 
Table 2: BS4449 – Standard Rib Geometry (mm) 

Transverse Rib  Longitudina
l Rib 

Relative 
Rib 
Area 
(RRA) 

 
Ba
r 
Di
a 
(d) 

Rib Height 
(h) 

Rib Spacing 
(C) 

Rib 
Inclinatio
n (β) 

Row 
Distanc
e 

Flank 
Inclinatio
n(α) 

Rib Height 

Min Max Min Max Mi
n 

Ma
x 

Min Max Max 

0.03
d 

0.15
d 

0.4d 1.2d 350 750 (∑i) 450 0.10d Min 

8 0.24 1.20 3.20 9.60 350 750 6.28 450 0.80 0.040 

10 0.30 1.50 4.00 12.0
0 

350 750 7.85 450 100 0.040 

12 0.36 1.80 4.80 14.4
0 

350 750 9.42 450 1.20 0.040 
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The characteristic relative rib area is expected 
to meet the requirement of Table 3. 
 
Table 3: BS4449:2005 – Characteristic 
Relative Rib Area 

Nominal Bar Size, d 
(mm) 

Relative Rib Area 

d ≤ 6 0.035 
6 < d ≤ 12 0.040 
 d > 12 0.056 

 
(d) Rebend Test 

This test determines the susceptibility of 
samples to fracture or irregular bending 
deformation. 
Test equipment: Steel Bending Machine 
 
(e) Verification of Mechanical 
Properties 

Test samples were selected from different 
bars of a batch and they are required to pass 
the tests to be considered to have conformed 
to International Standard (BS4449 B500B 
2005) 
 
2.3 Chemical Concentration 

All the elements in the test samples would 
be identified, and their concentration in 
percentage by weight determined. 
Test equipment: Spectrometer 
Determination of Carbon Equivalent 
This property is required to set the cooling 
parameters in TMT (Thermo mechanically 
treated) process, and a slight variation in 
carbon equivalent may alter the physical 
properties. 

The Carbon Equivalent is calculated using 
the following formula: 
Ceq = C + (Mn/6) + (Cr+Mo+V)/5 + (Ni + 
Cu)/15   (2) 
Where: Mn is the percentage Manganese 
content 

Cr is the percentage Chromiun content 
 V is the percentage Vanadium content 
 Mo is the percentage Molybdenum 
content 
 Cu is the percentage Copper content 
 Ni is the percentage Nickel content 
 

3. Results and Discussions 
3.1 Mechanical Properties 
(a) Physical Properties of Rebar 
Samples 

From the result of the mass per metre of 
tested rebar samples, 57.7% of rebars tested 
fell below -4.5% lower limit nominal mass per 
metre, while the remaining 42.3% fell within 
the lower limit range. Figure 1 showed that 
40% of tested samples conformed to 
BS4449:2005 [7], even though their mass per 
metre fell below code standard, they remain 
within the lower limit of -4.5%. 

Out of the fourteen rebar samples tested in 
the relative rib area machine, twelve samples 
have precise cross-sectional area while two 
samples (samples G and M) fell below their 
factory specified diameter of 16mm by (2mm 
in each). The RRA machine precisely 
measured them as 14mm rebars. 

From the results presented in Figure 2, the 
percentage elongation at fracture of the tested 
samples falls within 16% - 21% while the 
average percentage elongation within gauge 
length falls within 6.0% - 8.5%. As per BS 
4449:2005 B500B; the total elongation at 
maximum force, AGT is given as 5.0. 

16 0.48 2.40 6.40 19.2
0 

350 750 12.57 450 1.60 0.056 

20 0.60 3.00 8.00 24.0
0 

350 750 15.71 450 2.00 0.056 

25 0.75 3.75 10.0
0 

30.0
0 

350 750 19.64 450 2.50 0.056 

32 0.96 4.80 12.8
0 

38.4
0 

350 750 25.13 450 3.20 0.056 

59

6 



Hassan et al.                                                                                                           CJET (2021) 5(1) 56-68                                                                                                                                                                         

URL: http://journals.covenantuniversity.edu.ng/index.php/cjet                                                                                                        
 

 
Figure 1: Bar Chart Showing Mean Permissible Deviation from Nominal Mass Per Metre 

 
(c) Elongation 
 

Figure 2: Percentage Elongation at Fracture 
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Figure 3: Percentage Elongation at Average Gauge Length 

 
 

(c) Yield Stress. 
Table 4 Mean and Maximum Yield Stress 

 Yield stress (n/mm2)  Ultimate stress (n/mm2) 

Sample 1 2 3 Mean Standard 
Deviation 

 1 2 3 Mean Standard 
Deviation 

C 503 401 458 454 51.12  565 494 541 533 36.12 

D 561 568 571 567 5.13  640 643 637 640 3.00 

E 343 329 304 325 19.76  434 418 422 425 8.33 

O 434 445 444 441 6.08  615 628 630 624 8.14 

B 564 564 567 565 1.73  661 658 659 659 1.53 

G 341 355 458 385 63.89  493 541 500 511 25.93 

H 458 513 488 486 27.54  576 627 611 605 26.08 

M 500 502 503 502 1.53  622 625 621 623 2.08 

N 475 468 474 472 3.79  570 565 565 567 2.89 

F 327 328 329 328 1.00  501 483 503 496 11.02 

J 535 522 530 529 6.56  607 599 605 604 4.16 

L 492 498 497 496 3.21  663 654 653 657 5.51 

A 567 579 573 573 6.00  684 688 688 687 2.31 

K 608 577 594 593 15.52  682 683 683 683 0.58 

I 625 525 623 591 57.17  761 702 766 743 35.59 
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Figure 4: Mean Yield Stress of Tested Rebar Samples 

 

 
Figure 5: Mean Ultimate Stress of Tested Rebar Samples 

 

From Figure 4, of the fifteen samples 
tested, only seven have their mean yield stress 
exceeding 500N/mm2 as per BS4449:2005 
[7], two others fell within the minimum 
tolerance limit of 485N/mm2 (BS4449:2005 
[7] – Absolute minimum and maximum 
values of tensile properties), while the 
remaining six samples fell below the 
minimum value. These findings are in 
accordance with the report from Alabi et.al.  

[21], and other works on yield strength and 
ultimate tensile strength [18, 22]. Table 4 also 
indicates the standard deviation (SD) of yield 
stress results, higher value of SD indicates 
disparity in individual values of a group of 
samples which is a pointer to incoherence in 
properties of the rebar in that group
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(d) Relative Rib Area. 
Table 5 Computation of Relative Rib Area (Rra) of Tested Samples 

S/
N

o 

R
O

W
 N

O
 

D
IA

M
E

T
E

R
 

(m
m

) 
 
 
RIB HEIGHT (mm) 

 R
IB

 D
IS

T
. C

 
(m

m
) 

 
 
INCLINATION 

 
 
ROW DIST. 
E (mm) 

H
E

A
D

 
W

ID
T

H
 

(m
m

) 

R
IB

 
L

E
N

G
T

H
 

(m
m

) 

 
 
LONG RIB 

R
E

L
A

T
IV

E
 

R
IB

 A
R

E
A

 
fR

 

R
R

A
 

R
em

ar
k 

   centre  1/4 pnts  3/4 pnts  Alpha Beta    height (mm) width(mm)   
B 1 16 0.93 0.95 1 10.4 50 56 4.08 1.7 23.7 0.53 2.78 0.051* 

 
-8.9% 

Failed 
 2  1.1 1.04 1.13 10.2 55 56 6.89 1.6 23.7 0.28 3.18 
 Mean  1.02 1 1.07 10.3 53 56 ∑: 10.97 1.65 23.7 0.41 2.98 
K 1 25 1.52 1.21 1.44 14.7 53 63 4.9 2.7 36.9 0.85 2.89 0.062 

 
+10.7% 

Passed 
 2  1.8 1.37 1.35 15 51 62 7.93 1.9 37.2 0.86 3.17 
 Mean  1.66 1.29 1.4 14.9 52 63 ∑: 12.83 2.3 37 0.86 3.03 
C 1 10 0.87 0.66 0.72 10.2 38 39 1.8 2.7 19 0.16 1.93 0.043 

 
+7.5% 

Passed 
 2  0.87 0.64 0.76 10.2 39 40 5.65 2.6 18.6 0.17 1.99 
 Mean  0.87 0.65 0.74 10.2 39 40 ∑: 7.45 2.65 18.8 0.17 1.96 
F 1 20 1.76 1.24 1.1 21 32 39 4.64 3.2 41.2 1.29 3.23 0.043* 

 
-23.2% 

Failed 
 2  1.69 1.34 0.99 22.7 34 39 6.35 4.1 41.2 0.99 3.33 
 Mean  1.73 1.29 1.05 21.9 33 39 ∑: 10.99 3.65 41.2 1.14 3.28 
D 1 10 0.61 0.45 0.29 6.9 48 55 2.17 0.7 16.5 0.15 1.28 0.06 

 
+50.0% 

Passed 
 2  0.83 0.51 0.27 6.9 53 55 2.29 0.8 16.5   
 Mean  0.72 0.48 0.28 6.9 51 55 ∑: 4.46 0.75 16.5 0.08 0.64 
E 1 10 0.83 0.83 0.55 7.7 48 49 3.88 1.1 16.5 0.7 2.13 0.054 

 
+35.0% 

Passed 

 2  0.75 0.66 0.57 7.8 48 48 2.63 1.1 16.8 0.81 2.3 
 Mean  0.79 0.75 0.56 7.8 48 49 ∑: 6.51 1.1 16.6 0.76 2.22 

G 1 14* 1.32 1.21 0.69 13.2 40 41 5.83 2.5 25.6 1.2 2.96 0.044* 
 
-21.4% 

Failed 

 2  0.98 0.95 0.59 13.5 33 41 4.62 2.5 25.6 1.52 3.08 
 Mean  1.15 1.08 0.64 13.4 37 41 ∑: 10.45 2.5 25.6 1.36 3.02 
O 1 12 1.28 0.5 1.48 14.3 48 44 6.44 2.3 17.4 -5.34 3.83 0.037* 

 
-7.5% 

Failed 
 2  1.14 0.81 0.97 13.7 47 46 7.13 1.9 16.8 1.04 4.27 
 Mean  1.21 0.66 1.23 14 48 45 ∑: 13.57 2.1 17.1 -2.15 4.05 
M 1 14* 1.45 1.24 1.33 12 56 57 2.87 2 21.9 0.52 2.5 0.064 

 
+14.3% 

Passed 
 2  1.28 1.2 0.89 11.9 60 58 4.3 1.7 21.7 0.27 1.95 
 Mean  1.37 1.22 1.11 12 58 58 ∑: 7.17 1.85 21.8 0.4 2.23 
H 1 16 0.72 0.62 0.6 10 51 52 5.87 1 24.7 0.5 3.43 0.042* 

 
-25.0% 

Failed 
 2  0.9 0.56 0.58 10 56 52 5.54 0.9 24.7 0.55 3.5 
 Mean  0.81 0.59 0.59 10 54 52 ∑: 11.41 0.95 24.7 0.53 3.47 
N 1 16 1.12 0.57 0.8 16.9 51 46 6.21 2.1 26.6 0.88 3.15 0.036* 

 
-37.5% 

Failed 
 2  1.31 0.45 1.01 17 51 46 5.8 2.1 26.6 0.27 3.05 
 Mean  1.22 0.51 0.94 17 51 46 ∑: 12.01 2.1 26.6 0.58 3.1 
J 1 20 1.06 1.07 0.81 14.1 47 56 3.38 1.4 33.5 0.33 2.97 0.042* 

 
-0.25% 

Failed 
 2  0.97 0.9 0.51 14.1 46 57 3.86 1.5 33.1 1 3.14 
 Mean  1.02 0.99 0.66 14.1 47 57 ∑: 7.24 1.45 33.3 0.67 3.06 
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L 1 20 1.61 1.12 1.35 21.3 31 41 7.14 3.5 35.8 0.95 3.9 0.041* 
 
-26.8% 

Failed 
 2  1.51 0.25 0.99 16.6 33 40 8.69 3.8 36.6 0.34 1.98 
 Mean  1.56 0.69 1.17 19 32 41 ∑: 15.83 3.65 36.2 0.65 2.94 

A 1 25 2.18 1.11 1.48 14.5 51 56 5.62 2.1 40 1.72 2.89 0.084 
 
+50.0% 

Passed 

 2  2.18 1.82 1.5 14.6 55 63 6.58 2.3 37.2 1.78 2.56 
 Mean  2.18 1.47 1.5 14.6 53 60 ∑: 12.20 2.2 38.6 1.75 2.73 

 
* Characteristic RRA limit not satisfied. 

3.2 Chemical Composition 
Table 6 Percentage Chemical Composition 
 

ELEMENTS 
Sample I.D and % composition of the elements 

K F I M B C D E G H I N O Z A 

Carbon © 0.16 0.25 0.21 0.2 0.14 0.12 0.12 0.12 0.26 0.17 0.26 0.12 0.25 0.13 0.22 

Manganese(Mn) 0.68 0.64 1.44 0.51 0.72 0.55 0.75 0.38 0.42 0.62 0.7 0.53 0.69 0.52 0.94 

Silicon (Si) 0.25 0.27 0.3 0.19 0.21 0.19 0.21 0.13 0.16 0.16 0.23 0.26 0.34 0.23 0.2 

Copper (Cu) 0.21 0.13 0.25 0.17 0.17 0.22 0.22 0.3 0.17 0.25 0.12 0.25 0.28 0.26 0.033 

Phosphorus (P) 0.051 0.029 0.038 0.033 0.038 0.047 0.042 0.045 0.029 0.034 0.054 0.036 0.055 0.039 0.021 

Sulphur (S) 0.047 0.037 0.05 0.038 0.038 0.047 0.047 0.062 0.029 0.053 0.058 0.046 0.059 0.055 0.038 

Chromium (Cr) 0.31 0.17 0.14 0.13 0.25 0.22 0.16 0.23 0.19 0.33 0.13 0.28 0.26 0.28 0.035 

Molybdenum (Mo) 0.02 0.012 0.023 0.012 0.017 0.013 0.015 0.027 0.011 0.016 0.008 0.024 0.03 0.025 0.001 

Nickel (Ni) 0.097 0.065 0.11 0.078 0.092 0.1 0.095 0.11 0.088 0.2 0.064 0.096 0.11 0.099 0.018 

Vanadium (V) 0.003 0.003 0.04 0.001 0.003 0.003 0.002 0.003 0.003 0.003 0.002 0.004 0.005 0.004 0.001 

Nitrogen (N) 0.0066 0.0194 0.0128 0.014 0.0073 0.0066 >0.0381 0.018 0.0045 0.0062 0.0143 0.007 0.002 0.0063 0.0132 

Boron (Bo) 0.0011 0.0003 <-0.0004 <-0.0002 0.001 0.0013 <0.0000 0.0009 <0.0001 
<-
0.0004 

<-
0.0001 

0.0003 
<-
0.0005 

<-
0.0007 

<-
0.0003 

Aluminum (AI) 0.003 0.006 0.003 0.002 0.002 0.004 0.002 0.003 0.005 0.002 0.004 0.008 0.002 0.006 0.006 

Calcium (Ca) 0.002 0.002 0.0006 0.0002 0.0003 0.0001 0.001 0.0003 0.0002 0.0006 0.006 0.01 0.0006 0.004 0.002 

Cobalt (Co) 0.009 0.005 0.015 0.007 0.008 0.008 0.007 0.009 0.009 0.008 0.006 0.007 0.006 0.006 <0.0003 

Zinc (Zn) <-0.0002 0.001 <0.0004 0.001 
<-
0.0003 

<-0.0002 <0.0001 
<-
0.0003 

0.005 
<-
0.0004 

0.003 
<-
0.0002 

<-
0.0004 

<-
0.0003 

<0.0001 

Arsenic (As) 0.004 0.003 0.007 0.003 0.002 0.003 0.002 0.001 0.002 0.002 0.004 0.002 0.002 0.002 0.003 

Antimony (Sb) 0.012 0.008 0.011 0.008 0.009 0.011 0.009 0.008 0.008 0.009 0.006 0.007 0.009 0.011 0.005 

Tin (Sn) 0.029 0.01 0.016 0.013 0.024 0.021 0.034 0.025 0.023 0.037 0.014 0.019 0.019 0.021 0.002 

Titanium (Ti) <0.0001 0.0007 <-0.0001 <-0.0003 
<-
0.0003 

0.0003 
<-
0.0008 

<-
0.0006 

0.0007 <0.0001 0.0006 0.0009 
<-
0.0002 

0.0003 0.0002 
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Carbon Equivalent Results 
Table 7 Chemical Composition and Computation of Carbon Equivalent of Samples 

SAMPLE 
LABEL 

%N % C % Mn % Cr 
 

% Mo % V % Ni % Cu %P %S Ceqv 

A2 0.0132 0.22 0.94 0.035  0.001 0.001 0.018 0.033 0.021 0.038 0.3875 

B1 0.0073 0.14 0.72 0.25  0.017 0.003 0.092 0.17 0.038 0.038 0.3315 

C1 0.0066 0.12 0.55 0.22  0.013 0.003 0.1 0.22 0.047 0.047 0.2802 

D1 0.0381 0.12 0.75 0.16  0.015 0.002 0.095 0.22 0.042 0.047 0.3014 

E1 0.0180 0.12 0.38 0.23  0.027 0.003 0.11 0.3 0.045 *0.062 0.2627 

F1 0.0194 *0.25 0.64 0.17  0.012 0.003 0.065 0.13 0.029 0.037 0.4067 

G1 0.0045 *0.26 0.42 0.19  0.011 0.003 0.0045 0.17 0.029 0.029 0.382 

H1 0.0062 0.17 0.62 0.33  0.016 0.003 0.2 0.25 0.034 0.053 0.3731 

I1 0.0128 0.21 1.44 0.14  0.023 0.04 0.11 0.25 0.038 0.05 0.5146 

K1 0.0066 0.16 0.68 0.31  0.02 0.003 0.097 0.21 0.051 0.047 0.3604 

L1 *0.0143 *0.26 0.7 0.13  0.008 0.002 0.064 0.12 0.054 *0.058 0.4169 

M1 0.0002 0.2 0.51 0.13  0.012 0.001 0.078 0.17 0.033 0.038 0.3301 

N1 0.0070 0.12 0.53 0.28  0.024 0.004 0.096 0.25 0.036 0.046 0.293 

O1 0.0020 *0.25 0.669 0.26  0.03 0.005 0.11 0.28 0.055 *0.059 0.4465 

  
 

* % by mass exceeded. 
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Fourteen samples were tested and diameter 
of rebars range from 10mm – 25mm. of the 
fourteen samples, six crossed the minimum 
threshold specified in Table 9 of BS4449:2005 
[7]. The remaining nine samples failed, 
indicating that their rib geometry did not 
conform to standard. 

This is an indication that the bonding of the 
rebars which failed the RRA test when used in 
reinforced concrete works will be unreliable. 
 
 (e) Bend and Rebend 

After the bend and rebend tests, all fifteen 
(15) tested rebar samples were checked. They 
showed no sign of fracture or cracks visible to 
a person of normal or corrected vision. 
Therefore, the requirements of BS4449:2005 
[7] Clause 7.2.5 were satisfied by the rebar 
samples 

The twenty elements discovered in this test 
are Aluminium (Al), Boron (Bo), Calcium 
(Ca), Carbon (C), Chlorine(Cl), 
Chromium(Cr), Copper (Cu) antimony (Sb) 
Arsenic (As), Iron(Fe), Manganese (Mn), 
Molybdenum(Mo), Nickel (Ni), Nitrogen (N), 
Phosphorus (P), Silicon(Si), Sulphur, Titanium 
(Ti), Vanadium (V), Zinc (Zn).  

The asterisked data under the columns: 
%carbon %Sulphur and % Nitrogen in Table 7 
indicate that Carbon, Sulphur, and Nitrogen 
contents by mass for the samples were 
exceeded, however, for Carbon for instance. 
The values are permitted to exceed the 
maximum values 0.03% by mass, provided that 
the carbon equivalent value is decreased by 
0.02% by mass. 

The carbon equivalent, Ceqv, for all the 
tested samples fell below the maximum of 
0.52% by mass in accordance with 
BS4449:2005 [7]. 
 
4. Conclusion  

The following conclusions were drawn 
based on the results presented and practical 
observations made on the mechanical and 

chemical properties of reinforcement bars 
manufactured in Nigeria: 

i. About 15% of the tested rebar 
samples have their measured 
diameter smaller than their nominal 
diameter, which may indicate the 
level of quality control of the local 
bar manufacture.  

ii. It was observed that 57% of the 
tested rebar samples failed the RRA 
test, which indicates that the 
surface geometry of the tested 
rebars did not conform to the 
standard. 

iii. It was found that only 40% of tested 
rebars fall within permissible 
deviation from nominal mass per 
meter, while the remaining 60% 
weigh less than the tolerant limit of 
the permissible mass per meter.  

iv. About 47% of the tested rebars 
have yield stresses above the 
BS4449:2005 stipulated minimum 
standard, 13% fall within allowable 
minimum while 40% others failed. 
This is an indication that there is a 
40% chance of procuring rebars 
from local manufactures which 
would not pass the yield stress test 

v. It was found that the chemical 
composition of tested rebars 
conformed very largely to 
standards, and where values 
marginally exceeded (in the case of 
carbon %) the corresponding values 
carbon equivalent fall below the 
maximum specified in the code. 
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