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Abstract 

Characterizations of Kaolin and metakaolin samples obtained by the thermal treatment of raw clay at 

650 ºC were carried out using Fourier Transform Infrared spectrophotometer. This enabled the 

investigation of the influence of curing conditions on the mechanical properties and microstructures 

of the geopolymers. Results of Kaolin samples gave characteristic peaks at 3682 cm-1as OH stretching 

vibration, 2783–2106 cm-1 as organic impurities, 1084 cm-1 as Si-O-Si or Al-O-Si asymmetric stretch 

and 769.9 cm-1 as Al-O-Si inner surface vibration. Characteristic peaks obtained for metakaolin are 

3592 cm-1 as OH stretch vibration, 2934–2206 cm-1 as organic impurities, 1845 cm-1 as H-O-H 

bending of water and 887cm-1 as Si-O and     Al-O asymmetric stretch vibration. The metakaolin was 

used to produce geopolymers at 28 days cure which gave characteristic peaks at 3625 cm-1 as OH 

stretch vibration, 1693 cm-1 as OH bending, 756 cm-1 as symmetric Si-O-Si or Si-O-Al and 1005 cm-1 

as Si-O and Al-O asymmetric stretch. These results were comparable with those of previous studies 

and showed excellent properties for geopolymers 

.Keywords: Infrared Spectroscopy, geopolymer, alkaline reagent, Metakaolin, microstructures 

1. Introduction 
Geopolymerization involves the reaction of 

naturally existing silica-aluminates with an 

alkaline solution of high concentration. This 

process results in the formation of a 

geopolymer which is classified as an inorganic 

polymer having combined properties of 

cement, ceramic and polymer (Alehyen et al., 

2017).  Geopolymers are network or chains of 

mineral molecules linked with covalent bonds. 

They are inorganic alumino-silicate polymers 

(high molecular, macromolecules) formed in 

an alkaline environment which can serve as a 

green substitute to the conventional Portland 

cement by reason of its low carbon footprint. 

 The structures of geopolymers consist of a 

polymeric Si-O-Al framework, similar to the 

zeolites only that zeolites are crystalline 

whereas geopolymers are amorphous 

(Aleksandar, Ivan & Henk, 2017). On a 

nanometer scale, the microstructure of 

geopolymers consist of small alumino-silicate 

clusters with minute pores spread within a 

highly permeable (porous) network with 

cluster sizes range from 5 to 10nm which can 

harden at a low temperature (~25 – 80 ºC) in a 

relatively short amount of time (Romisuhani, 

Mustafa Al Bakri, & Nur Ain, 2015 , Huang & 

Han, 2011).  

1
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In recent time, studies on geopolymers have 

become noteworthy because of their excellent 

mechanical strength, thermal and chemical 

stability, long-term durability and their ability 

to behave as adhesives (Valeria & Kenneth, 

2003; Bell, Gordon & Kriven, 2005).  These 

properties make them economically viable 

alternatives used for the production of cement 

for various applications such as protective 

coats, high-tech ceramics, insulating foams 

with thermal stability, fireproof buildings, 

refractory adhesives (Davidovits, 2015; 

Richard, Riessen & Vickers, 2015).  

Kaolin, a soft, chalk-like and lightweight 

sedimentary rock, has an earthy odour. It 

consists mainly of kaolinite, a hydrous 

aluminium silicate which is formed by the 

decomposition of potassium feldspars, 

aluminium silicates and granite (Varga, 2007). 

Kaolin contains quartz and mica, and less 

regularly, illite, montmorillonite, haematite, 

zircon, rutile, halloysite, kyanite and ilmenite. 

Clays that contain kaolin are the bedrock 

materials in the ceramic industry for pottery 

and also in the construction industry for a 

building. Kaolinite is used for the production 

of porcelain, electro-porcelain, tiles, chamotte, 

and bricks (Varga, 2007). Because of the wide 

applications of kaolinite, its structure and 

conversion (transformation) on heating has 

been studied intensely (Štubňa et al., 2006). 

Kaolinite which is the main constituent of 

kaolin has a general structure that consists of 

Silicate sheets (SiO4) bonded to aluminium 

hydroxide layer Al2 (OH)4 also referred to as 

gibbsite. The silicate and gibbsite layers are 

tightly bonded with weak bonds in the SS 

paired layer, that is, the interstitial layers are 

normal metals (Aroke, Abdulkarim, & 

Ogubunka, 2013). The chemical formula for 

kaolinite can be written as Al2Si2O5(OH)4 or 

Si2Al2O5(OH)4 which represents two-layer 

crystal (silicon-oxygen tetrahedral layer joined 

to alumina octahedral layer exist alternately). 

The first model of the structure designed by 

Brindley and Nakahira in 1959 is shown in 

Figure 1. 

  

 Figure 1: Crystallochemical structure of Kaolinite. 

Many states in Nigeria have kaolin clay in 

abundance and can be sourced as wastes from 

quarry sites. Important occurrences have been 

reported in south-western Nigeria at Ubulu-

Uku, Auchi, Ukwu-nzu, Ozanogogo, Sapele, 

and Ubiaja. Also, the Imo clay-shale and the 

Iyuku clay are important argillaceous bodies of 

interest in Southern Nigeria (Onyeobi et al., 

2013).  

Metakaolin is chemically composed of 

SiO2, Al2O3, Fe2O3, MgO, CaO, Na2O, K2O   

and TiO2. It is obtained by dihydroxylation 

and dehydrogenation of kaolinite crystals to a 

2
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partially disordered structure. This change is 

accompanied by a rise in the porosity, small 

shrinkage in the dimension of the sample, 

weight loss and change of mechanical and 

electrical properties (Varga, 2007). At a 

temperature range of 550-600 ºC endothermic 

dryness of kaolinite starts to produce chaotic 

metakaolin, but constant hydroxyl loss is 

perceived at          900 °C (Cadena,& Amigó-

Borrás, 2011). 

The Chemical equation for the 

dehydroxylation process is:  

2Al2Si2O5(OH) 4
550-650 

o
C

2Al2Si2O7 4H2O+

Metakaolin

Metakaolin (MK650) materials in 

geopolymerization differ distinctly in particle 

size, crystallinity and in purity compared with 

 

  Figure 2: Structure of Metakaolin 

Infrared (IR) spectroscopy has been a 

successful analytical technique and alternative 

method to XRD and other techniques for 

analyzing clay and other minerals (Janes & 

Peter, 2001).  Fourier Transform Infrared 

spectroscopy (FTIR) is used frequently to 

examine the structure, bonding and chemical 

properties of clay materials (Madejova, 2003). 

Clay deposits vary in nature, which means that 

two deposits cannot have same minerals. 

Hence, identifying the functional group and 

fingerprint using FTIR spectra analysis is 

required. FTIR can give specific identification 

of minerals, unknown materials existing in a 

specimen and applied to minute 

quantities/amount of materials whether solid, 

liquid or gas. When the FTIR spectra do not 

provide an acceptable match, individual peaks 

of FTIR plot yield partial information about 

specimens (Pittiglio & Doner, 2003). The 

spectra of clays are generally divided into two 

(2) regions for ease of interpretation; the 

fingerprint regions with frequency (wave 

number) range of 400 to 1300 cm-1 and 

functional group region with frequency (wave 

number) range of 1300 to 4000 cm-1 for 

middle infrared analysis. The conventional 

method of frequency assignment is used to 

discuss results (Aroke et al., 2013). 

3
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The objective of this study is to utilize Kaolin 

clay to produce a Metakaolin-based 

geopolymeric materials and to characterize the 

starting materials (Kaolin and Metakaolin) in 

order to have a better comprehension of the 

composition and structure of the produced 

geopolymer. Characterisation of Kaolin and 

Metakaolin will lead to the production of a 

new geopolymer and also ascertain the 

possibility of its utilization in the production 

of low- cost energy-saving geopolymer 

ceramics. 

2. Materials and Methods 

2.1 Sample collection and preparation 

Raw kaolin clay was obtained from 

Somak industries factory, Auchi, Edo State, 

Nigeria. The commercial grade Na2SiO3 was 

purchased from Redal Chemicals Nigeria, in 

Port Harcourt, Rivers State. 10g of raw clay in 

a crucible was placed in a pre-set muffle 

furnace at 650 ºC for one hour. The clay was 

removed, allowed to cool, labelled MK650 as 

the starting material (metakaolin) and stored 

for future usage. To 160g NaOH in a 500ml 

beaker was added 100ml water and stirred 

until the NaOH dissolved. The solution was 

transferred into a 500ml volumetric flask, 

made up to volume with distilled water and 

allowed to cool. 250ml Na2SiO3 was added to 

100ml of 8.0M NaOH solution in a 1L beaker. 

The mixture was stirred and transferred to a 

500ml volumetric flask, thoroughly mixed and 

left for 24hrs before use as the reaction solvent 

which also serves as binder or activator for the 

geopolymer production. 

2.1.1 Geopolymer Preparation 

Three grams (3g) of metakaolin (MK650) in a 

mixer was added to 1.2ml of the reaction 

solvent (activator) and thoroughly mixed to 

form a smooth paste. The paste was transferred 

to 140 x 40 x 40mm mould, vibrated for 10 

minutes and covered with transparent 

polyethylene sheet to set at room temperature. 

The sample was removed from the mould after 

3 days and allowed to cure in a sealed plastic 

bag for 28days. 

 

2.2    Fourier Transformed Infrared 

Analysis (FTIR)  

 0.4g finely ground KBr was added 0.001g 

sample, thoroughly mixed and moulded into a             

disc. The disc was inserted into the sample 

compartment of the instrument. The IR 

spectrum was generated in transmission mode 

using an M 530 Buck scientific FTIR 

spectrophotometer with a wave number region 

of 4000 to 650 cm-1. 

 

3 Results and Discussion 

3.1Results 

The chemical composition of the raw starting 

material and produced geopolymer are shown 

in Tables 1, and 2. FTIR analyses of the kaolin 

(raw clay) and starting material (RK and 

MK650) with the produced geopolymer are 

shown in Tables 3. The result range from 756 

– 3682 cm-1. 

 

 

4
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Table 1: Assignment of IR bands for Kaolin (raw clay)  

 

Wavenumber  RK    Assignment   

(cm-1) 

3682   +   Inner cage –OH stretch   

3546- 3285  +   Si-OH and Al-OH stretch   

2783-2106  +   Organic impurities      

1268   +    Si – O Normal to plane stretching 

1084        +   Si- O- Si & Al -O- Si Asymmetric stretch. 

 

856   +   Al-Fe-OHdeformations  

(Presence of illite)    

 

813    +   Al – O bending vibration. 

  769.9   +   Al-O-Si inner surface vibration. 

 

   RK = Raw kaolin 

 

Figure 3: FTIR spectra of raw kaolin clay (RK) 
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Table 2: Assignment of IR bands for Metakaolin (MK650)  

 

Wavenumber       MK650   Assignment   

(cm-1) 

 

3682         +    Al -OH stretch  

3592         +    Weak -OH stretch   

3425         +            OH stretch of absorbed water. 

2934-2206                      + C-H stretch and sharp peak for       

carbonates 

1845        +    H- O- H bending of water  

1151        +    Si –O stretch    

887        +   Main peak in the fingerprint region  

Indicating a strong peak of Si-O &Al-O  

Asymmetric stretch vibration          

 

 MK650 = Metakaolin (calcined clay). 

 

Figure 4: FTIR spectra of Metakaolin (MK650) 
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Table 3: Important IR bands of the produced geopolymer (B28) 

 

Wavenumber   Geopolymer   Assignment   

(cm-1)         B28   

      

1692            +             OH bending Vibrations 

1240            +   Asymmetric Si-O-Al stretch 

1089            +   Asymmetric stretch of Si-O 

 

1005                                                +                        Al-O, & Si-O Asymmetric                        

stretching vibration.  

 

756           +     Symmetric Si-O-Si or Si-O-Al 

                   stretch vibration. 

 

Where B28 = geopolymer product cured at 28 days. 

 

 

Figure 5: FTIR spectra of produced geopolymer (B28) 
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3.2    Discussion 

   FTIR study of Kaolin (raw clay), metakaolin 

(MK650), and the produced Geopolymer 

The IR study was done to give a detailed 

analysis of the structure of the raw, starting 

material and produced geopolymer. Table 1 

lists the assignment of bands in the range of                          

4000 – 650 cm-1 present in the spectra of 

Kaolin (RK). The band at 3682 cm-1 for Kaolin 

(raw Auchi clay) is the main peak and is 

assigned to inner OH stretch. This agrees 

closely with 3655cm-1 reported by Davarcioglu 

& Ciftci (2009). The peaks at 3546 -3285 cm-1 

in the raw Kaolin (RK) are indicative of Si – 

OH and Al-OH stretch (Aroke et al., 2013). 

Strong peaks at 2783 – 2106 cm-1 shows the 

presence of organic impurities in the raw 

Kaolin (RK) (Aroke et al., 2013). The band at 

1268 cm-1 infers Si – O normal to the plane 

stretching while peaks at 1084, 856 and 769.9 

cm-1 in Kaolin (raw Auchi clay) shows Si–O–

Si and Si-O–Al asymmetric stretch Al–Fe–OH 

deformation and Al – O – Si inner surface 

vibration (Aroke et al., 2013; Alehyen et al., 

2017). 

The FTIR spectrum for Metakaolin 

(MK650) is shown in Figure 4 while Table 2 

highlights the assignment of bands for the 

material. The bands at 3682 cm-1 observed in 

the raw Kaolin (RK) spectra is indicative of 

inner OH stretch but present as Al–OH 

stretching vibration and a weak OH vibration 

at 3592 cm-1 in MK650 (Aroke et al., 2013). 

This suggests a loss of some water from the 

Kaolin (raw clay) during calcination process at 

650 ºC, a C-H stretching vibration was 

observed at 2934.7 cm-1. OH, stretch of 

absorbed water was observed at 3425 and 

1845 cm-1, indicating the H–O–H bending of 

water. Si–O stretching vibrations of the 

metakaolin was observed at 1151 cm-1 while 

Al–OH deformation was observed at 1340 cm-

1. The main peak in the functional group 

region is observed at 2039 while 887 cm-1 is 

the peak observed at fingerprint region. This is 

attributed to Si O and Al O asymmetric 

stretching vibration (Morrison & Boyd, 2008; 

Aroke et al., 2013).  

The produced geopolymers showed 

new bands at 1692, 1089,1005 and 756 cm-1    

(Table 3). These bands signify that the 

alkalization process resulted to a decreased 

intensity of the bands in the reacted materials. 

The band at 756 cm-1 is the main band in the 

fingerprint region and it is attributed to stretch 

vibration of Si-O-Si or Si-O-Al bridges. This 

band (756 cm-1) is sharp because of the high 

degree of Al substitution in the Si-rich matrix 

ascribed to Na2O/SiO2 ratio (1:2.1) used 

(Trochez, Mejía de Gutiérrez, Rivera, & 

Bernal, 2015). Also, when the band of the 

produced geopolymer is compared to the main 

fingerprint values of the raw Kaolin (RK) and 

metakaolin (MK650), it is the lowest. This shift 

is suggestive of a change in the structure of the 

starting materials when dissolved in the 

alkaline medium which formed an 

aluminosilicate framework. An Alkali 

environment leads to separation of the MK650 

by fracture of Al–O bonds which have lower 

energy (60kcal/mol) than the Si-O bond of 

80kcal/mol (Provis, Duxson, Lukey, 

Separovic, Kriven, & Van Deventer, 2005). 

Thus, higher alkaline conditions related with 

the Na2O:SiO2 favours the aluminosilicate 

starting material (MK650) initial dissolution 

which then reacts to form a geopolymer as T-

O-T                                   (T may be Si or Al) 

bands shifts to lower wave numbers. 

The band at 1692 cm-1 infers bending 

vibrations of H-O-H. The result is similar to 

those previously reported by several authors 

such as Mitra, Mandal, Maitra, & 

Basumajumdar, 2001; Arioz, Arioz, & Mete 

2012 and Trochez et al., 2015. This band show 

the presence of water (H2O) in the 

geopolymer. The strong asymmetric stretching 

vibration peak of Si-O bond observed at 1089 

cm-1 shifts to a low wave number (1005 cm-1), 

infers -OH deformation which is suggestive of 

the solidification process, a chemical change 

generating a new substance (Trochez et al., 
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2015; Liang, Zaiqin, Yuanyi, & Jing, 2016). 

The decrease in wavenumber observed during 

the geopolymerization process may be 

attributed to partial substitution of SiO4 

species by AlO4 which leads to an increased 

Si-O-Al bond. A large shift usually indicates 

higher -Al inclusions (Alehyen et al., 2017). 

Conclusion 

The product obtained from the reaction of 

Metakaolin with the reaction solvent has 

closed spherical pores formed on the surface, 

either as a result of the dissolution of 

metakaolin or by entrained air during 

preparation. The differences between the 

Kaolin (RK), metakaolin (MK650) and the 

product which is the geopolymer are revealed 

by FTIR spectra results. The main bands of the 

product which corresponds to a Si-O and Al-O 

vibration were shifted to a lower value. The 

geopolymer produced from of metakaolin by 

the calcinations of Kaolin (RK) is cost 

effective. The properties of metakaolin-based 

geopolymer can be productively utilized in the 

manufacture of fire resistant/fireproof 

materials, cement, refractories, ceramics, 

decorative pieces, and thermal insulators.  
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Abstract 
It is common knowledge that Polypropylene can be reinforcedby using fillers, e.g. glassfibre, 
jutefibre, wood pulp, kenafand Kevlarfibresfor applications in the defence, automobile and 
engineering industries. Kevlar fibre has high strength to weight ratio, isthermally stable and 
highly resistant. Kevlar fibrecan be used as reinforcementto prepare advanced polymer 
compositeswith superior properties. In this study,the composites were fabricated by first melting 
the polymer pellets into films of 1 mm thick in a 100 mm x 100 mm mold, before stacking the 
polymer films and the woven Kevlar fabric and the whole arrangement preheated for 8 min 
before being pressed under 500 psi pressure at 190 oC for 4 min using compression molding 
technique, followed by cooling for 4 min under pressure followed by removal from the mold. The 
effect of Kevlar fibre loading (12% - 23%) onthe mechanicalproperties (flexural, impact and 
tensile strength as well as modulus) and morphology (interfacial bond)of polypropylene 
laminates fabricated by compression molding technique is reported. The 
reinforcementfibreincreases the tensile, flexural and impact strength of the composite as well as 
the tensile and flexural moduli, as the percentage Kevlar fibre loading increases. More so, 
Kevlar fibreinclusion did not significantly affect the density of the composite. The percentage 
Kevlar fibre incorporated into the polypropylene composites resulted in different morphologies 
as evident from the microscopic examination.  
 
Keywords: Polypropylene, Kevlar, Composite, Mechanical properties, SEM. 
 
1.0 Introduction  
The need for light weight body armor has 
necessitated the need for high performance 
fibre reinforced composites. A lot of 
investigations have been carried out with 

regard to ballistic impact response of 
thermoset composite laminates. The use of 
thermoset matrix material is limited due to a 
few shortcomings, namely, the need for low 
temperature storage and long curing process 
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(Bandaruet al., 2016).Thermoplastic on the 
other hand, are suitable alternative to the 
thermoset- based composite. This is due to 
the following attributes, viz: their long shelf 
life, short processing time, sufficiently 
tough, chemical resistant, melt 
processablilty and an ability to be recycled 
(Bandaruet al., 2016). 
 
Thermoplastics have relatively low 
brittleness transition temperatures, which 
allow potential improvement in terms of 
greater ballistic resistance high mechanical 
toughness and faster processing time 
(Bandaruet al., 2016; Ghoshalet al., 2016).  
Humanity has used textiles and compliant 
laminates, not only for clothing and 
protection against the elements, but for 
bodily protection. From the use of leather 
on Grecian shields, layered silk in ancient 
Japan, to chain mail and suits of armor in the 
middle Ages, personnel protection has 
sought to protect its wearer from the 
advances of armaments (Cheeseman and 
Bogetti, 2003).  
 
However, the advent of firearms has 
relegated and rendered these forms of 
protection obsolete until the development of 
high – strength, high – modulus fibres in the 
1960s. These materials ushered in a new era 
of body armor that offered a protection 
against small arms munitions (Cheeseman 
and Bogetti, 2003; Gopinathet al., 2012). 
 
Kevlar 49 has a tensile strength comparable 
with that of carbon fibre and a modulus in 
between that of glass and carbon but a lower 
density than both (Isa et al., 2013; Yeung 
and Rao, 2012). 
 
Aramid/ Polypropylene structures have not 
been studied extensively, despite the 
relatively cheap cost of polypropylene and 
the poor fibre adhesion exhibited for good 
ballistic protection (Carrillo et al., 

2012).Debonding and delamination are 
energy absorbing phenomena that are 
facilitated by the matrix material(Naik and 
Shirao, 2004; Zee and Hseih, 1993). 
Thermoplastics (in particular, PP) have not 
been studied in details despite the low 
adhesion of polypropylene to aramids (Zee 
and Hseih, 1993). 
 
The safety and security of citizens are the 
primary responsibility of a responsible 
government. A national military security 
implies that the government should be able 
to defend itself in the face of any foreign 
aggression (Sadikuet al, 2019). The fibre 
type, nature of the fibre and type of matrix 
are said to determine the properties of a 
resulting composite material (Nuruzzamanet 
al., 2018). The specific gravity of 
polypropylene is low as such when 
Polypropylene is used as matrix; weight 
reduction can be achieved (Katogi and 
Takemura, 2014). 
 
Body armors made of woven fabric 
composites are widely used by military and 
law enforcement agencies to protect 
personnel (Uzayet al., 2016; Gopinathet al., 
2012). 
 
When aramid fibres break, they do not fail 
by brittle cracking, as do glass or carbon 
fibres. Instead, the aramid fibres fail by a 
series of small fibril failures, where the 
fibrils are molecular strands that make up 
each aramid fibre and are oriented in the 
same direction as the fibre itself. These 
many small failures absorb considerable 
amount of energy, and therefore, resulting in 
very high toughness (Reis et al., 2012). 
 
2.0 Experiment 
2.1 Materials 
Polypropylene homopolymer with a density 
of 0.905g/cm3, melt mass flow rate of 
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5.3g/10min, was sourced from SASOL, 
South Africa. 
 
Kevlar 49 woven fabric, 2/2 Twill weave, 
with a linear density of 42texand areal 
density of 110g.m-2 was sourced from AMT 
Composites, Kempton Park, Johannesburg, 
South Africa.The melting point of the 
polymer was determined as well as the 
degradation temperature of the polymer in 
order to ensure stability during processing. 
 
The work was carried out at National Centre 
for Nano – Structured and Advanced 
Materials, Council for Scientific and 
Industrial Research, Pretoria, South Africa.  
 
2.2 Fabrication of composite 
The composite was fabricated by first 
melting 9.1g of the polymer into thin films 
of 1mm thickness on a Carver Press Model 

using a mold measuring 100mm x 100mm. 
This was followed by stacking of the 
polymer and fabric and placed in a mold in 
between two Teflon sheets of 2mm 
thickness at the top and bottom of the mold 
in order to avoid sticking of the polymer to 
the mold, before being placed into the 
Carver Press. The arrangement was 
preheated for 8min in order to ensure 
adequate flow of the polymer to enable 
wetting of the fabric and to remove the 
moisture content present in the material 
at1̴90oC, before a pressure of 500psi was 
applied for 4min. This was followed by 
cooling for another 4min using the tap 
cooling system, beforethe removalof the 
sample from the mold. Table 1 shows the 
different compositions of the composites 
and the respective number of plies. 
(Danladiet al., 2020) 

 
Table 1: Fabrication compositions 
S/NO PP (%)   KF (%) NO OF PLIES 
0 100 0 0 
1 88 12 3 
2 82 18 5 
3 77 23 7 
 
2.3 Standards for Characterisations, 
including samples dimensions and 
conditions 
2.3.1 Powder X – ray diffraction (PXRD) 
determinations were executed on X –ray 
diffractometer (XPERT PRO PAnlytical , 
Netherland) for phase identification. The 
patterns were run with CuKα radiation with 
a secondary, monochromator (λ=0.1545 
nm) at 45 kV and 40 mA. The diffraction 
measurements were conducted at room 
temperature in a Bragg – Brenton geometry 
with a scan range of 2θ = 5 – 90 using 
continuous scanning rate of 0.02o/s 
(Danladiet al., 2020) 
 

2.3.2 Tensile properties were determine 
according to ASTM 638 – 14 types V by 
using the Instron 5966 model, computer 
equipped with Bluehill software, a crosshead 
speed of 5mm/min and applied load of 
10kN. 
 
2.3.3 Flexural strength was determined 
using a specimen of 80mm x 13mm x 
3.2mm according ASTM D790 – 03 using 
the Instron 5966 model, computer equipped 
with Blue hill software, a crosshead speed of 
1.4mm/min and applied load of 10kN. 
 
2.3.4 Impact strength of the composite was 
determined using a specimen dimension of 
85mm x 10mm x 3.2mm according to ISO 
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179 -01 using a speed of 3.681m/s and 
Hammer Potential Energy of 7.5J at room 
temperature. 
 
2.3.5 Dynamic mechanical analysis was 
determine using a specimen dimension of 
40mm x 10mm x 3.2mm according to 
ASTM 1640 – 04 at a single frequency and 
using double cantilever. 
 
2.3.6SEM (JEOL JSM -7500F, Japan) 
operated with an accelerating voltage of 2kV 
and an emission current of 10μA was used 
to determine the morphology of the 
composites.  
 
2.3.7 Water absorption of the composite was 
determined according to ASTM D570 – 98 
for 24hour immersion at room temperature 

using a specimen dimension of 30mm x 
30mm x 3.2mm 
 
2.3.8 Density was determined according to 
ASTM D792 – 08 using a specimen 
dimension of 40mm x 10mm x 3.2mm, at 
22oC using 99% ethanol. 
 
3.0 Results and Discussion 
3.1 XRD result 
Fig 1 shows the XRD diffraction pattern of 
the polymer, polypropylene and the 
composites. The Kevlar inclusion increased 
the crystallinity of the composites based on 
increased in intensity of the composites 
compare to the neat polymer, this complies 
with Weidinger - Hermann’s equation 
(Terinteet al. 2011). 
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Fig 1: XRD pattern of the polypropylene 
 
3.2 Tensile strength results 
Figure 2 shows the effect of fibre loading on 
tensile strength, as the fibre loading 
increases. There is a near linear increasing 
relationship between the tensile strength of 
the composites and the extent of loading. A 
maximum tensile strength of 180.8 MPa was 
obtained at a fibre loading of 23 %, this 

compared to the tensile strength of the 100 
% polymer matrix (41.1 MPa), had an 
increase on tensile strength of 336.7 %, this 
could be attributed to the excellent 
mechanical properties of the Kevlar fibre. 
Isa et al., 2013, reported a tensile strength of 
375 MPa at a fibre loading of 40.8 % using 
unsaturated polyester resin as matrix.
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Fig 2: Effect of fibre loading on t ensile strength of the composites 
 
The difference could be attributed to the 
matrix material, unsaturated polyester and 
the fibre loading. Rajesh et al., 2018 
reported a tensile strength of 163N/mm2 
using epoxy resin as matrix. Zhao et al., 

2012 reported a tensile strength of 37.56 
MPa at fibre loading of 5%.Valençaet al. 
2015 reported a tensile strength of 
291.1MPa at fibre loading of 38.98% using 
epoxy resin as the matrix.
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Fig 3: Effect of fibre loading on tensile  modulus of composite 
 
Fig 3 shows the effect of fibre  loading on 
the tensile modulus of the composite. There 
was a sharp increase in the tensile modulus 
as the fibre loading increased from 12% to 
23%. This also indicates that the toughness 
of the composite is quite high, 3030.8MPa at 
fibre loading of 23%.From Figure 3, the 

tensile modulus of the 100% polymer matrix 
was 555.2MPa. The inclusion of the Kevlar 
fibre had an increase on the tensile modulus 
of the composite of 445.9%. Isa et al., 2013 
reported a tensile modulus of 12GPa using 
fibre loading of 40.8%.Valençaet al., 2015 
reported a tensile modulus of 12.75GPa at 
fibre loading of 38.98%. 

 
 
 
 
 
 
 
 
 
 
 

18



NJPST Volume 15: 2020 ISSN: 1119-4111  Danladi et. al 

 
 

3.3 Flexural strength results 

Fig 4: Effect of fibre loading on flexural strength  
 
Figure 4 shows the effect of fibre  loading on 
the flexural strength of the composite. As 
the fibre loading increases, there is a linear 
increase in flexural strength. The maximum 
flexural strength of 75.9MPa was obtained 
at a fibre loading of 23%.The flexural 

strength of the 100% polymer matrix was 
43.55MPa. The results obtained showed an 
increase in flexural strength of 74.3%. Isa et 
al., 2013 reported a flexural strength of 200 
MPa. Zhao et al., 2012 reported a flexural 
strength of 36.11 MPa.Valençaet al., 2015 
reported a flexural strength of 61.59MPa.
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Fig 5: Effect of fibre loading on flexural modulus  
 
Figure 5 shows the effect of the fibre 
loading on the flexural modulus of the 
composite, as the fibre loading increases, 
there is a linear increase in the flexural 
modulus, which indicates increasing 
toughness of the composites with increasing 
fibre loading. The maximum flexural 

modulus recorded is 2360.07MPa at fibre 
loading of 23%.The flexural modulus of the 
polymer matrix was 1331.98MPa. The 
inclusion of Kevlar fibre had an increasing 
effect on the flexural modulus of the 
composite, 77.2%.Valençaet al., 2015, 
reported a flexural modulus of 5.68GPa. 
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3.4 Impact strength result 

Fig 6: Effect of fibre loading on impact strength  
 
The impact strength of the composites is 
shown in Fig 6. As the fibre loading 
increased, the impact strength of the 
composites increased. Maximum impact 
strength of 83.856KJ/m2 was obtained at a 
fibre loading of 23%.The impact strength of 
100% Polymer matrix was 5.93KJ/m2. The 

inclusion of Kevlar fibre led to an increase 
on impact strength of 1314.2%. Zhao et al., 
2012 reported impact strength of 17.03 
KJ/m2. Yahayaet al., 2016 reported a charpy 
impact strength of 175 KJ/m2 using epoxy as 
matrix, Valençaet al., reported an impact 
strength of 91.97KJ/m2. 
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3.5 Dynamic mechanical analysis result 

 
Fig 7: Effect of temperature on storage modulus 
 
Fig 7 shows the effect of temperature on 
storage modulus of the composite. The 
results show that there was an increase in the 
storage modulus as the temperature 
decreases and decreases as the temperature 
increase. It also showed that that as the 
temperature increase; fibre loading does not 
have significant effect on the storage 
modulus. The 18% and 23% Kevlar fibre-

loaded composites displayed virtually same 
storage modulus values throughout the 
temperature range of scan, while all 3 
composites displayed same values between 
40-125oC. This may be as a result of the 
available free molecular motion in the 
constituents of the composites 
(Jesuarockiamet al., 2019; Etaatiet al., 
2014).
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Fig 8: Effect of fibre loading on glass transition temperature  
 
Fig 8 shows the effect of fibre loading on  
the loss tangent(damping), representative of 
glass transition temperature. From the 
results, it shows that glass transition 
temperature was affected by the fibre 
loading of 23% more than the 12% and 
18%, this could be due to higher rigidity of 
the composite as a result of the Kevlar 

fibreloadingof 23%. Fig 8 shows the glass 
transition of 8.5oC for the polymer matrix, 
12% Kevlar fibre and 18% Kevlar fibre 
respectively. 23% Kevlar fibrehad a higher 
damping above 50oC, this could be 
attributed to the stiffness of the composite 
due to higher percentage of the filler(23%) 
and molecular motion (Etaatiet al., 2014). 
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3.6 Morphology of the composites after impact test. 

 
Fig 9: SEM micrographs of (a) Polypropylene (b) 12% Kevlar reinforced (c) 18% Kevlar 
reinforced (d) 23% Kevlar reinforced 
 
Fig 9 shows the morphology of the 
composites after impact. From the images, it 
can be observed that there was a poor 
interfacial bonding between the fibre and the 
polymer; this leads to delamination, hence 
good energy absorption on debonding. For 
ballistic applications, the weaker the 

bonding between the polymer and the fibre, 
the better the energy absorbing capacity of 
the composite (Carrillo et al., 2012).Weak 
fibre – matrix interaction is required for 
composites meant for light weight ballistic 
application to in order to  enable the  
maximum deformation of the fibres on 
impact (Cheeseman and Bogetti, 2003).
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3.7 Density results 

Fig 10: Effect of fibre loading on density  of composite 
 
Fig 10 shows the effect of fibre loading on 
the density of the composite. The density 
increased with increasing fibreloading. The 
maximum density observed was0.957gcm-3 
at a fibre loading of 23%. This is not quite 
significant when compared to the density of 
the matrix polymer, 0.905gcm-3 as reported 

by the manufacturer. The density of the 
polymer matrix was recorded to be 
0.916gcm-3, this when compare with that of 
the composite, shows that the inclusion of 
the Kevlar fibre had an increase on the 
density of 4.5%. Isa et al., 2013 reported a 
density of 1.146g/cm3.
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3.8 Water absorption results 

Fig 11: Effect of fibre  loading on water absorption of composite 
 
Fig 11 shows the effect of fibre content  on 
the water absorption capacities of the 
composites. The water absorption increase 
significantly from 1 from ~1.5% water 
absorption for the 12% Kevlar fibre-loaded 
composite to ~6.5% water absorption for the 
18% Kevlar fibre-loaded composite and 
attained maximum water absorption of 6.8%  
at a fibre loading of  23%. The water 
absorption of the polymer matrix was 
recorded as 0.001%. The inclusion of Kevlar 
matrix led to an increase in water absorption 
of 6,799.000%. Isa et al., 2013 reported 
water absorption of 2.0030%. Yahayaet al., 
2016 reported water absorption of 7.83%. 
 
 

 
Conclusions 
The fabrication of Kevlar fibre reinforced 
polypropylene was successfully carried out. 
From the results of the characterization, the 
following conclusions can be made; 

a. Fabrication of Kevlar fibre 
reinforced polypropylene composite 
was carried out successfully; 

b. The Kevlar fibre loading had a 
positive effect on the tensile, flexural 
and  impact strength on the resulting 
composites; 

c. The morphological analysis showed 
that there was weak polymer matrix 
– Kevlar fibre interaction, which is 
necessary for adequate ballistic 
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resistance due to delamination and 
debonding of the composites; 

d. The fibre loading of the polymer 
matrix (polypropylene) had little 
effect on the density of the resulting 
composites; and  

e. The water absorbing capacity of the 
composites were evaluated 
successfully and were seen not to be 
extremely high as to create concern 
during usage. 
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ABSTRACT 
This study is focused on the graft copolymerisation of mango seed starch with methacrylic acid 
and its characterisation. The starch was isolated from mango seed embryo and characterised in 
terms of its pH, moisture and ash contents, and gelatinisation temperature. Varying 
concentrations (i.e. 0.4; 0.6; 0.8 and 1.0 mol/dm3) of methacrylic acid was grafted onto the 
isolated starch using ceric ammonium nitrate (CAN) and N, N’ methylenebisacrylamide and the 
resulting grafted products were characterized to determine grafting parameters such  as graft 
yield and graft efficiency. Evidence of grafting was confirmed by Fourier Transform Infra-Red 
(FTIR) spectroscopy. Film samples were produced by casting the ungrafted and grafted starch 
products on a glass slide and the corresponding hardness , solubilty of the cast films were 
measured. The isolated starch has a pH of 5.06; moisture and ash contents of 6.5 % and 0.12 % 
respectively, and a gelatinization temperature range of 70 – 80 ˚ C. The graft yield of the grafted 
products increased slightly with increasing monomer concentration while the graft efficiency 
decreased with increasing monomer concentration. The FTIR spectra of the grafted and 
ungrafted mango seed starch film confirmed that grafting took place. The hardness of the 
produced films was found to decrease from 76.33 shore A value for the ungrafted starch to 46.33 
shore A value at monomer concentration of 1.0 mol/dm3. Starch based grafted products may 
serve as alternative material for production of single-use plastic articles for packaging and have 
been recommended for industrial applications such as in agricultural mulching, oilfield 
applications, etc. 
 
Keywords: Graft copolymerization; mango seed starch; methacrylic acid; plastic films. 
 
INTRODUCTION  
Starch is a naturally occurring, abundantly 
available, biodegradable polysaccharide 
polymer.  It can be found in the roots, stems, 
leaves, fruits and seeds of green leafed 

plants such as corn, potatoes, cassava, 
wheat, rice, etc. The two polymers of 
glucose present in native starch include 
amylase (15-30 %), and amylopectin (70-85 
%) while other constituents such as proteins, 
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and lipids, can also be present (Meimoun et 
al., 2018). Amylose is predominantly the 
linear form even though some studies have 
shown a branched structure, composed of 
100-10000 glucose units, with a molecular 
weight ranging between 105 and 106 g/mol 
(depending on its botanical source), while 
amylopectin is a highly branched form of 
starch with a molecular weight ranging from 
106 to 109 g/mol, depending on the botanical 
source. Both forms of the starch differ in the 
biodegradability, elongation and strength 
(Irshad et al., 2018; Meimoun et al., 2018).  
 
Althoughstudies on the isolation of starch 
from variety of food sources such as potato, 
maize, corn, and rice and their applications 
have been reported in some details, but very 
few literatures are available on isolation of 
starch from non-conventional sources like 
the seeds of fruits, for example, mango. 
Depending on their variety, the proximate 
composition of mango seed kernels, have 
been reported to be on the average 6.0 – 
10.00 % protein; 9.84 – 13.08 % fat; 1.78 – 
2.87% ash; 2.0 – 3.71% crude fibre; and 70 
– 77% carbohydrates contents on dry weight 
(Mutua et al., 2017; Fowomola, 2010; 
Abdallaet al., 2007).Native starch, however, 
suffer from high tendency to retrograde, 
thermal instability, high water sensitivity 
and low shear resistance irrespective of its 
source. To overcome these limitations, the 
native starch can be modified by altering its 
structure through physical, chemical, or 
enzymatic modifications including notably 
blending (Meimoun et al., 2018; Vargha and 
Truter, 2005; Yu and Dean  2006), chemical 
functionalisation (Meimoun et al., 2018; 
Fang et al., 2004), and graft 
copolymerization to obtain thermoplastic 
starch (Meimoun et al., 2018, Irshad et al., 
2018; Apopei et al., 2012). 
 
Among the various methods available for 
modification of starch, graft 

copolymerization is one of the approaches 
where monomers are covalently bonded 
onto a starch (Irshad et al., 2018; 
Bhattacharya and Misra, 2004), and most 
versatile way of functionalisation allowing 
access to materials with a combination of 
the properties of the polymers involved 
(Meimounet al., 2018; Jyothi, 2010). 
Grafting of methacrylic acid (MA) on starch 
gives the possibility to perform numerous 
further chemical reactions and to synthesize 
new materials having highly-added value for 
various applications such as sizing agents, 
waste water treatment for removal of dyes, 
and as hydrogels for drug delivery systems 
(Nikolic et al., 2013). 
Starch is gaining more relevance in recent 
years due to its abundance, low cost and 
biodegradability. Moreover, the increase in 
environmental pollution caused by wastes 
from synthetic polymers has motivated more 
research and renewed efforts in the 
development and synthesis of biodegradable 
plastics from naturally occurring polymers 
such as starch for end use materials (Clasen 
and Kulickeet, 2001).However, the 
hydrophilicity and brittleness of these 
materials is a major drawback to their use in 
most application (Athanasios and Georgios, 
2001; Maharana and Singh, 2006). In this 
study, attempts have been made to solve 
these problems through graft 
copolymerisation of methacrylic acid onto 
starch isolated from mango seed embryo. 
The success of this study will add value to 
huge volume of seeds from most fruits like 
mango that are considered as waste in 
Nigeria and several other African countries 
were they are grown in commercial 
quantities. Furthermore, global call for ban 
on single-use plastic items suggests that the 
time is now for suitable degradable plastics 
to emerge.  
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EXPERIMENTAL 
Materials 
Mango seed starch (MSS) was isolated from 
mango seed embryo obtained from mango 
fruit from local market in Samaru, Sabon 
Gari, Zaria, Nigeria. The mango variety 
selected is the DuricZubethinusmurr (peter) 
variety. Methacrylic acid (MAA), 97 % 
purity, manufactured by Central Drug 
House, India was used as received.Ceric 
ammonium nitrate (CAN), 98 %, and N,N’ 
methylenebisacrylamide (MBA), were both 
manufactured by Sigma-Aldrich while 
Sodium hydrogen sulphite, is reagent grade 
and was used as received.Glycerol used as a 
plasticizer with composition purity of 98% 
supplied by Orient Global Manufacturing 
Nigeria Ltd. 

Isolation of starch 
Mango seed obtained from mango fruits 
were sun dried for 72 hours, the outer hard 
shell of the seed was removed manually and 
the recovered embryo was washed, cut into 
smaller pieces of about 4-12mm size and 
then soaked in 0.16 % aqueous solution of 
sodium hydrogen sulphite for 24 hrs at 50 
˚C. The solution was decanted afterwards, 
and the sample was ground into slurry with a 
laboratory blender. The ground slurry was 
sievedusing a muslin cloth. After 1 hr the 
supernatant was decanted and the settled 
starch was re-suspended in distilled water. 
This was repeated until a white layer was 
obtained, collected and dried at a 
temperature of 50 ˚C for 8 hrs to obtain the 
brownish-white starch Figure 1(a)-(d).

 

 
 
Fig. 1: (a) Mango fruit (b) Dried mango seed (c) Dried mango seed embryo (d) Isolated mango 
seed starch 
 
Characterisation of the isolated starch 
Confirmation Test of Starch  
Starch test: A solution of iodine and 
potassium iodide in water known as lugol 
solution was used to confirm the presence of 
starch in the sample. Sample of the extracted 
mango seed starch was added to the 
solution, an intense blue-black colour 
indicating the presence of starch was 
observed. If no starch is present, the colour 
of the solution remains the same. 
 
 

Moisture content 
A sample of known weight was placed in the 
humidity chamber maintained at a definite 
humidity level for 2 hours. The sample was 
then taken out and final weight was noted 
immediately. Percent moisture absorbance 
was calculated as follows: 

  (1) 

Where, Wf and Wi are the final and initial 
weight of the sample respectively. 
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pH test 
The pH of the sample was determined 
according to a procedure reported by 
International Starch Institute, ISI 26-5e. 5g 
of the MSS was mixed with 25.0 ml distilled 
water and stirred thoroughly for 60s. The 
starch was allowed to settle for 15 min. with 
the aid of pH meter, average of three trials 
was takenand recorded. 
 
Ash content 
Ash content was carried out according to 
AOAC (1990) method Thiex et al., (2012). 
In apre-weighed empty crucible (W1), 5g of 
starch was taken and isagain weighed (W2). 
The crucible is then kept in a mufflefurnace 
for 5hours at 900˚C. The crucible was then 
allowed to cool and weighed (W3). The ash 
content was determined usingthe following 
equation 
 

 (2) 

 
Biodegradability Test  
The starch specimens both grafted and 
ungrafted were cut into pieces of 3.0 cm2by 
measuring square sides of approximately 
1.73 cm each using a vernier caliper and 
buried in 400 g of soil collected from farm 
land having slight moisture content and 
stored in a container. One sample was buried 
inside the soil at a depth of 4 cm and another 
buried at a depth of 6 cm for 42 days at 
room temperature. The weight of the 
specimen was measured before and after the 
testing. The biodegradability test was 
determined using Equation (3): 

, 

     
 (3) 

Where,Wo and W are the weights of samples 
before and after the test. 
 
Gelatinization temperature 
Gelatinization temperature was determined 
by heating 1g of the starch in 5 ml of water 
at different temperature ranges from 40 - 90 
˚C at 10 ˚C intervals, and the sample was 
viewed under microscope to observe 
swelling, bursting and gel formation. 
 
 
Grafting of methacrylic acid onto mango 
seed starch 
Grafted starch products were prepared 
according to method reported by Chayapa 
and Jutarat (2018). 5 g of dried starch with 
50 ml of distilled water at 75 ˚C were 
constantly stirred. The slurry was cooled to 
30 ˚C, treated with 30 mmol/L of ceric 
ammonium nitrate (CAN) solution for 10 
minutes. Afterwards, varying concentration 
(0.4, 0.6, 0.8, and 1.0 mol) of methacrylic 
acid was added and the volume of the 
reaction mixture was made up using distilled 
water. Five (5) ml of 0.01M of N, N’ 
methylenebisacrylamide (MBA) crosslinker 
was added. The polymerization was 
continued with constant stirring under 
nitrogen atmosphere.The reaction mixture 
was allowed to warm up to 60 ˚C and 
thereafter was neutralized by dropwise 
addition of 5 % NaOH with stirring until it 
assumed a reddish-brown colour. After 
cooling the slurry to room temperature, its 
pH was adjusted using glacial acetic acid 
and it was then precipitated in excess of 
acetone. The precipitate was washed with 
ethanol to neutrality and dried under vacuum 
at 70 ˚C. The dried product was ground to 
powder and stored. 
 
Film production 
Films of the samples were obtained by 
dispersing 4g of the samples in distilled 
water. The solution was heated with a 
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heating mantle at 85 ˚C for 90 minutes under 
constant stirring until a gel was formed. The 
heating was stopped and the blend of the gel 
and plasticizer was cooled to room 

temperature and then was cast on a 10 x 4 
cm glass slide cover with mould release 
agent. The cast film was allowed to dry at 
temperature of 30 ˚C fig. 2(a) and (b).  

   
 
Figure 2(a): Un-grafted MSS film   Figure 2(b): Grafted MSS film 
 
Characterization of the grafted Starch 
films 
Grafting parameters 
Grafting parameters such as graft yield, and 
graft efficiency of the grafted starch 
products were calculated as follows: 
 

 (4) 

Where Wg is the weight (g) of the grafted 
starch, Wo is the weight (g) of the ungrafted 
starch. 
  

(5)   
 
Density Measurement  
The density of bioplastic was investigated 
according to ASTM D 729 standard on50 
mm length, 20 mm width samples. The 
bioplastic mass was measured using 
analytical balanceand density was calculated 
as follows: 

  (6)  

Hardness 
Samples were cut to size 10 mm x 10 mm 
and 6mm thickness with the test standard 
following ASTM D 2240. For every sample, 
three test measurements were taken and 
average value recorded.  
 
Solubility in water 
Solubility in water was determined as 
reported by Gontard et al. (1992) for grafted 
and ungrafted MSS film. Initially, 2 cm 
diameter film samples were incubated in a 
drying and sterilization oven at 100 °C, for 
24 h. Then, the samples were weighed (w i) 
and incubated in 50.0 mL of distilled water 
at 175 rpm in a rotary shaker, at 25 °C, for 
24 h. The samples were removed from the 
water and then their dry mass (w f) was 
determined under the same described 
conditions to obtain the initial dry mass. The 
solubility in water was expressed as a 
percentage of dissolved material, calculated 
from Eq. (7). 
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   (7) 

Where, w i is initial mass and w f is final 
mass, all in grams 
 
Fourier Transform Infrared Spectroscopy 
analysis of the films 
 
The FTIR spectra of the film samples were 
examined using the FTIR thermo Nicolet 

Model No. Nexus 870. The wavelength was 
4000 – 650 cm-1 at 8 cm-1resolution. 
 
RESULTS AND DISCUSSION  
Result of confirmatory Test for  Starch 
The change in colour from white to blue-
black was as a result of the formation of 
linear triiodide ion complex of starch and 
iodide solution. The confirmation test of 
isolated starch is shown in Figure 3. 

 

 
 
Fig 3: Starch Test (white) without lugol solution and Positive (Blue Black) for Starch with 
lugol solution 
 
Moisture content 
From table 1, it can be seen that the moisture 
content at dry weightof the isolated mango 
seed starch was 6.50 % at room temperature 
(25˚C).  The relatively low moisture content 
of the starch makes it easy to be stored at 
room temperature and less prone to 
colonization by organism degradation as it is 
in root, tuber and cereal starches (Nielsen, 
1998), making them suitable for use in 
making most single use plastic articles in 
packaging and alsoamiable for use in the 
pharmaceutical industry that requires low 
moisture content starch (Linus, 1995; 
Nuwamanya et al., 2011). This result is 
close to that reported for some commercially 

available biodegradable plastics like; Mater 
- Bi® with moisture content of 7.06 % at 
room temperature. It is a biodegradable 
thermoplastic material made of natural 
components (corn starch and vegetable oil 
derivatives) and of biodegradable synthetic 
polyesters. The material is certified as 
biodegradable and compostable in 
accordance with European Norm EN 13432 
and with the national regulations UNI 10785 
and DIN 54900 (Novamont, 2008). Other 
biodegradable material reported to have 
close moisture content is chitosan with 
moisture content of 6.25 % at room 
temperature and is currently used as a 
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commercial bioplastic material (Yadavand Bhise, 2004 and Radhakumaryet al., 2005). 
 
Table 1: Summary of some physical properties of MSS 

S/N Parameters Values 
1 Moisture content (%) 6.5 
2. pH 5.06 
3. Ash content (%) 0.12 
4. Gelatinization temperature range (˚C) 70 – 80 

 
pH of MSS solution 
The pH of the isolated starch solution was 
observed to be 5.06 (table 1). The pH of 
starch solution is very significant in its film 
forming ability (Valeria  et al, 2018). In this 
study, the pH was not adjusted because it 
was observed to be stable for the production 
of film.  
Ash content of MSS 
 
The value of the ash content was also low at 
0.12 %. The ash content is a measure of the 
total amount of minerals present within the 
starch, whereas the mineral content is a 
measure of the amount of specific inorganic 
components present within a satrch, such as 
Ca, Na, K and Cl. This is an indication of 
the good quality of the starch because high 
mineral content are sometimes used to retard 
the growth of certain microorganisms 
(Nielsen, 1998). Therefore, low ash content 
is an indication of low mineral contents and 
higher organic matter which in turn 
promotes biodegradation of the MSS film. 
 
Biodegradability test 
Biodegradability test conducted on the MSS 
shows a good biodegradability of the 
material after 14 days. The weight loss of 
the sample indicated the process of 
biodegradation of the specimen by the 
micro-organisms in the soil sample used. 
Both buried samples at the different depths 
showed the same degradation rate. The 
samples buried had the initial and final 
weights values of 

0.512g and 0.322g respectively, 
corresponding to 59% degradation. The 
result suggests that MSS can effectively 
replace non-biodegradable synthetic plastic 
materials for making single-use plastic 
articles. 
 
Gelatinisation temperature of MSS 
Starch gelatinization is a process of breaking 
down the intermolecular bonds of starch 
molecules in the presence of water and heat, 
allowing the hydrogen bonding sites (the 
hydroxyl hydrogen and oxygen) to engage 
more water. This irreversibly dissolves the 
starch granule in water. Water acts as a 
plasticizer. 
 
The gelatinisation temperature range was 
obtained at 70 – 80 ˚C, where the swelling, 
bursting and gel formation was observed on 
the starch. The gelatinisation temperature of 
the MSS is close to that of starch obtained 
from cassava (70˚C) (Bergo et al. 2008), but 
lower than starch from potato, maize and 
banana (98˚C) (Hernández et al. 2008). The 
gelatinization process is represented by 
transition temperatures and gelatinization 
enthalpies in the paste, and these measures 
are characteristic for each species of starch. 
High transition temperatures correspond to a 
high degree of crystallinity, high stability 
and resistance of the granule structure to 
gelatinisation (Tester et al., 2004). The 
lower gelatinisation temperature of the MSS 
compared to starch sourced from potato, 
maize and banana shows that the former will 
retrograde faster than the later.  
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Graft yield and graft efficiency of MSS 
The effect of monomer concentration on the 
graft yield and graft efficiency of the grafted 
starch is shown in table 2. It can be seen that 
the graft yield increases significantly from 
13.4 % at 0.4 mol/dm3 of the methacrylic 

acid to 22.2 % at 0.6 mol/dm3 and thereafter 
no significant increase was observed at 
higher monomer concentration. While the 
graft efficiency was observed to decrease as 
the concentration of the methacrylic acid 
monomer was increased. 

 
 
Table 2: Grafting parameters of grafted starch products 

S/N Monomer conc. (Mol/dm3) Graft yield (%) Graft efficiency (%)  
1. 0.4 13.4 90 
2. 0.6 22.2 48 
3. 0.8 22.4 27 
4. 1.0 22.8 9 

 
Density and Shore (A) hardness of the 
produced films 
The density is the ratio of weight to volume; 
density is a physical property of materials. 
Table 3 shows that addition of acrylic group 
into the MSS caused significant decrease in 
the density of the MSS films;1.321, 1.186, 
1.172, 1.161 and 1.154g/cm3, for ungrafted, 
grafted with 0.4, 0.6, 0.8 and 1.0 mol/dm3of 
methacrylic acid respectively. The observed 
trend could possiblybe due to improve 
orderliness and regularity in the arrangement 
of molecules, making the crystalline 
structure more compact. The extent of 
crystallinity and molecular rearrangement 
affects their volume with consequential 
effect on the density.  
Table 3 shows the effect of monomer 
concentration on the shore A hardness of the 
produced films. The hardness was observed 

to decrease continuously from maximum 
shore A value of 76.33 for ungrafted starch 
to minimum value of 46.33 at 1.0 mol/dm3 
monomer concentration. This could be 
attributed toconcentration of MMA available 
for grafting which led to disruption in 
crystalline phase of starch as a result of 
increase in acrylic group introduced to the 
polymer chain for copolymerization, which 
promotes mobility of the starch chains and 
caused the resulting polymer to be more 
flexible. Similar observation was reported 
by Chayapa and Jutarat (2018) in their study 
on characterization and properties of 
biodegradable thermoplastic grafted starch 
films by different contents of methacrylic 
acid. They concluded that higher degree of 
grafting participated in increasing mobility 
of the starch molecules and flexibility of 
side chain. 

 
Table 3: Densities and Shore (A) hardness of the produced films 

S/N Sample Density (g/cm3) Shore (A) Hardness 
1. Ungrafted starch 1.321 76.33 
2. Grafted (0.4 Mol/dm3) 1.186 63.33 
3. Grafted (0.6 Mol/dm3) 1.172 57.67 
4. Grafted (0.8 Mol/dm3 ) 1.161 56.67 
5. Grafted (1.0 Mol/dm3 ) 1.154 46.33 

 
Solubility Table 4 shows the result for solubility of the 

ungrafted and grafted films at 1.0 mol/dm3to 
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be33.26% and 15.62 %respectively. There 
was adecrease in solubility with the grafting 
of the MSS.With increasing concentration 
MMA from (0 to1.0 Mol/dm3), solubility 
was found to decrease. This was because 
high degree of grafting of MAA monomer 
not only reduced hydroxyl groups of starch 
backbone significantly but also generated 
hydrogen bonding between two methacrylic 
groups, which lead to the decrease in affinity 
for water absorption (Mostafa, 1995).The 
observation can beattributed to the high 

hydrophilic characteristics of MAA 
monomer (Chayapa and Jutarat, 2018). 
Furthermore, water absorption of bioplastic 
is one of important properties for evaluating 
their suitability for most packaging 
application. Starch contains hydroxyl (OH), 
carbonyl (CO), and ester (COOH), causing 
improved hydrophilicity, which can 
accelerate the decomposition process in the 
soil. However, grafting of MSS has shown a 
marked improvement in the water 
absorption resistance of MSS film.

 
Table 4: Solubility of the produced films at different monomer concentrat ions 
S/N Sample % Solubility 
1. Ungrafted starch 33.26 
2. Grafted (0.4 Mol/dm3) 30.61 
3. Grafted (0.6 Mol/dm3) 17.92 
4. Grafted (0.8 Mol/dm3) 16.03 
5. Grafted (1.0 Mol/dm3) 15.62 

Function group analysis 
 
Free radical – addition occurs between the 
methacrylic acid (MAA) and the starch 
macromolecules (St-O*) to form a new 
covalent bond, thereby, initiating a chain. 

More MAA molecules added to the initiated 
chain promotes grafting onto starch 
molecules to form poly (MAA)-starch 
radicals (PMAA-St) (Eq. 8) (Zahranet al., 
2016). 

  (8) 
 
Macromolecules of polymethacrylic acid 
(PMAA*) can also react with the starch 

macromolecule to form graft copolymer (Eq. 
9) (Zahran et al., 2016; Salisu et al., 2013). 

 
PMAA*  +  *O-St     PMAA-O-St     (9) 
 
The undesired reaction for grafting (i.e. 
homopolymerisation reaction) may also be 
initiated since the grafting reactions 
indicated above are conducted in an aqueous 
medium. 

The analysis of starch films with the help of 
Fourier-transform Infra-red spectroscopy 
shows that similar characteristic peaks 
appeared in both spectra for the grafted and 
ungrafted film Figure 4 and 5. A hump is 
present in between 3000-3500 cm-1 
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representing the stretching of O-H bond 
appeared in both film samples. Peak 
appearing at 2926 cm-1 represent the 
stretching of C-H bond. Peak at 1077 cm-1 in 
both film samples indicate the presence of 
glycosidic bond and a ring structure of 
glucose in the starch (Irshad et al., 2018). 
However, the only difference in the spectra 
of the grafted and ungrafted film is an 

absorption band at 1703 cm-1which appeared 
only on the grafted film spectra Figure 5. 
This could be attributed to the C=O stretch 
of methacrylic group in the copolymer 
(Chayapa and Jutarat, 2018) this peak is 
very significant because it confirm the  
success of the graft copolymerization with 
MAA monomer onto MSS chain structure.

 

Figure 4: FT-IR spectrum of ungrafted mango seed starch film 
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Figure 5: FTIR spectrum of grafted mango seed starch film at 1.0 monomer concentration 
CONCLUSION 
 
Graft copolymerisation of methacrylic acid 
onto mango seed starch has been studied. 
The isolated starch was found to have low 
moisture and ash contents and a pH of 5.06 
and gelatinisation temperature in the range 
70-80 ˚C. Graft parameters such as the graft 
yield and graft efficiency was found to vary 
with monomer concentration. Increase in the 
monomer concentration decreased the shore 
a hardness of the produced films. The results 
further showed that different MSS films 
grafted by MAA also demonstrated 
biodegradability by soil burial test. In 
addition,, MSS films grafted with 1.0 
Mol/dm3 of MAA exhibited improved 
flexibility, lighter and more soluble in water 
when compared with ungrafted MSS film 
and MSS films grafted with low 

concentration of MMA. From the above 
results, it can be concluded that the 
bioplastics can be used as packing materials 
and can be used as an alternative to synthetic 
non-biodegradable plastic bags. However, 
the use of the MSS in pharmaceuticals will 
require investigation of its purity and/or 
toxicity if any. 
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Abstract: 
In leather processing, fatliquor is one of the most important chemicals used by the Tanner ies. This 
research showed the potential use of locally available raw material Lophiralanceolata (Namijin-
kade) seed oil for fatliquor production and potentially substitute for the imported vegetable oil 
sulphatedfatliquor. The fatliquors were prepared by s ulphation reaction. The degree of sulphation 
were varied as, 2%, 4%, 6%, 8% and 10% concentrations of the sulphuric acid. Also, the leather 
treated with fatliquors were characterised for their mechanical properties and morphological 
arrangement and these properties were compared to a leather fatliquored with a commercially 
available fatliquor. Mechanical properties such as tensile strength, percentage elongation and ball -
burst of the fatliquored leathers increased with increase in the degree of sulphation. An optimum 
tensile strength of 23.20 MPa at 10% degree of sulphation (4% fatliquor offer), percentage of 
elongation of 97.04% at 4% fatliquor offer and 6% degree of sulphation and a distension of 12.13 
mm, respectively. The morphological properties of the fatliquored leather at 300x magnification 
indicated penetration of the fatliquor into the leather collagen fibres which caused the flexibility 
observed on the fatliquored leather compared to the non-fatliquored leather. The optimum tensile 
strength of 23.20 MPa at 10% degree of sulphation compared to the United Nation Development 
Programme (UNDP) (10.10MPa) standard for fatliquored leather, proved that the prepared fatliquor 
can substitute the imported fatliquor. Therefore, as a result of the high tensile strength of 20.45 MPa 
and 23.20 MPa at 8% and 10% degree of sulphation respectively (4% fatliquor offer). The fatliquored 
leather can be used as clothing leather, wallet and Automated Teller Machine (ATM) card packs. 
Also, the distension properties of the leather at 12.13 mm, indicated the use of the fatliquored leather 
for shoe upper leather.  
 
Keywords: Ball-burst, Fatliquor, Lophiralanceolata seeds oil, Namijinkade, UNDP. 

 

1.0 INTRODUCTION 
Special mechanical performance properties 
of leather depends on the fields of use 
(especially shoes) and specific 
performance characteristics of the leathers 
(Urbanijaet al., 2004). This is in relation to 
the body weight, comfort and health. In a 
process of choosing a quality leather 
product, people most are times pay close 
attention to its handle character, although 
its physical-mechanical properties 
contribute to capability of withstanding 
wear and tear (Xiao-Lei et al., 2006). It is 

also observed that, the shoe upper leathers 
are affected by foot movements and must 
protect foot from outer mechanical 
impacts. Leather production involves the 
conversion of hide and skin into leather 
which requires several chemical and 
mechanical processes to remove non-
collagenous matter in pre-tanning 
operation (Chen et al., 2012).  After the 
tanning operation, to produce a good 
leather of desirable quality, the tanned 
leather is lubricated in a fatliquoring 
processes (Cuqet al., 1998). The physical 
properties of leather change depending on 
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the animal type, apparent density, breed, 
sex and age. Furthermore these properties 
exhibit variations in different parts over 
the leather area (Mutluet al., 2014). 
Fatliquoris the largest amount of leather-
chemistry material in leather industry and 
has extremely important impact on the 
performance of leather (Senait, 2014). It 
can penetrate to the collagen fibres, 
making the leather plastic and lubricant. 
The fatliquor can make the molecular 
chain segment easily move by separating 
the leather fibres from each other, giving 

the leather flexibility, water proof, 
moisture and softness (Hassan et al., 
2017). In leather chemistry, there are 
different technologies for production of 
anionic fatliquor which are mostly used in 
chrome tanning, this includes: 
Saponification using strong alkali, 
sulphation using sulphuric acid, sulphur 
trioxide or chlorosulfonic acid and 
sulphitation using a strong solution of 
sodium bisulphite.  
 

Scheme 1: Reaction of Fatliquor with the Collagen Protein 
 
2.0 MATERIALS AND METHODS  
2.1 Material 
The modified Lophiralanceolataoil was 
sourced from the Department of 
Chemistry, Ahmadu Bello University, 
Zaria and the goat skins from Samaru 
Market, Sabon-Gari Local Government 
Area of Kaduna State. BAFS fatliquor, 
was the imported fatliquor used as the 
control in the experiment. 
 
2.2 Tensile Strength 
To determine the tensile strength of the 
leather, the test samples were cut 
according to a total length of 100 mm and 
gage length of 47 mm. The testing of the 
samples was done at Engineering 
Materials Development Institute, Akure, 
Ondo State, Nigeria in accordance with 
ASTM D638 (2014) standard. The 
samples were machined to dumb bell 
shape and then placed in Instron universal 

tensile testing machine 3369 model and 
the tensile strength and modulus were 
evaluated. 
 
2.3 Lastometer (Bursting Ball Test) 
To determine the grain crack distension 
and load when a circular leather test 
specimen is secured in between two 
circular rings of 25 mm diameter and 
stretched with the help of a spherical head. 
Unto grain crack appears on the grain 
surface of leather (IULTCS, 2002). 
 
2.4 Scanning Electron Microscopy of 
Leather 
Scanning electron microscopy (SEM): 
Scanning Electron Microscope Pro X: 
Phenonm World 800-073 in the 
Department of Physics, Umaru Musa 
Yaradua University, Katsina-Nigeria was 
used to study the surface morphology of 
the fatliquored and unfatliquored leather. 
Samples imaging was done at accelerating 
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voltage of 15kV at 350, 500, 1000, 1500 and 2000 magnifications respectively. 
 
3.0 RESULT AND DISCUSSION  
3.1 Result of Tensile Strength (4% Offer)  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 3.1: Tensile strength of leathers fatliquored with sulphatedLophira seed oil (4% 
Offer) 
A high tensile strength is required in all 
types of leather, it is a characteristic 
property of a good quality leather 
(Venkatachalam, 1962). The tensile 
strength of the manufactured leather with 
the synthesized fatliquor increases with 
increase in the degree of sulphation. Figure 
3.1 illustrated the variation of tensile 
strength with increase in degree of 
sulphation, due to the fact that more of the 
emulsifying group (SO3) is been added to 
the liquor. The result 4% fatliquor offer of 
2%, 4%, 6%, 8% and 10% degree of 
sulphation produced results that are higher 

than that of the control fatliquor 
(commercial fatliquor). The optimum 
tensile strength of the fatliquored leather 
was observed at 8 and 10% degree of 
sulphation with ultimate tensile strength 
values of 20.45 MPa and 23.20 MPa, 
respectively. This is in agreement with the 
biennial report of CLRI, (2015), stated 
that; fatliquored leather complying with 
the minimum tensile strength requirements 
of 15 N/mm2 for articles are to be use in 
the manufacturing of footwear and in the 
leather goods industry.  

 
3.2 Ball-burst Distension Properties of the Fatliquored Leather 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Distension of Leather fatliquored with sulphatedLophira oil (4% offer) 
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The reason for this test is to determine the 
grain crack force (load) and distension of 
leather when used for shoe upper. Shoe 
upper leather often shows little crack in the 
toe area at the time of lasting operation 
despite the fact that, the leather has good 
tensile strength. It could be observed from 
figure 3.2that the highest distension of the 
fatliquored leather at various degree of 
sulphationwas at 10% degree of 
sulphationwith a distension value of 12.13 

mm.At 6% degree of sulphation, the 
distension properties of the leather tend to 
decrease due to the variation in the 
toughness of the animal skin before 
processing and also the varieties of 
conditions such as the age and breed of the 
animal, the weave of the collagen fibre 
bundles, the apparent density of the skin 
and glycosaminoglycan contents of the 
skin (Wang and Attenburrow, 1993).

 
Table 3.1: Percentage Elongation in relation to Percentage Degree of Sulphation/Percentage 
Offer of the Fatliquor 

Degree of Sulphation (%)   Offer (%)   Elongation (%) 

2   4    64.20 
4   4    45.43 
6   4    97.04 
8   4    54.71 
10   4    40.58 
Control X   4    52.63 

 
The elongation at break of leathers is a 
useful index on the elastic properties of the 
leathers. The elongation is measured 
simultaneously with the measurement of 
tensile strength.  Table 3.1 is the result of 
percentage elongation at 4% offer for 2, 4, 
6, 8 and 10% degree of sulphation. In the 
study, leathers fatliquored with the 
produced fatliquor gave the highest value 
97.04% elongation at break at 4% offer 

and 6% Degree of sulphation, whereas, the 
leather obtained with commercial fatliquor 
gave highest value of 52.53%. Sharphouse, 
(1989), reported that, the minimum level 
of elongation required for the manufacture 
of footwear and other leather goods is 
40%, this being extensively completed by 
each of the fatliquored leathers and this is 
a prove that, the leather fatliquored with 
Lophirafatliquor has a high percentage 
elongation as compared to the standard.  

 
3.3 Result of the morphology of the leather fibre 
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Plate 3.3 (a): Un-fatliquored leather    Plate 3.3 (b): Fatliquored leather 
SEM looks deeply into the leather fibre 
structure and shows the effect of fatliquor 
on fibre and grain surface. SEM of the 
grain surface (x 350) of the fatliquored 
leather exhibits a soft grain as indicated in 
plate 3.3 (b) by the squeezing of the 
collagen fibre as compared to un-
fatliquored leather in plate 3.3 (a) with a 
smooth and well-arranged fibres. The 
pores on the fatliquored leather was also 
an indication that the fatliquor has 
penetrated the leather grain surface as 
compared to the un-fatliquored leather 
with the pores widely opened. The SEM 
Micrograph of the leather fatliquored with 
the manufactured fatliquor, agrees with the 
reports of El-shahat and Mohammed, 
(2010), stating that, the improvement in 
the mechanical properties of the treated 
leather is due to good lubrication of the 
fibres because of the interaction between 
the active centers in the collagen 
molecules of the leather fibre and the 
emulsifying group penetrating into the 
leather fibre.  
 
4.0CONCLUSION 
The outcome of the experiment conducted 
were analysedaccording to the application 
of the leather based on the physical, 
mechanical and morphological 
characterization of the fatliquored 
leather.Based on the analysis of 
experimental results, it can be stated that 
this study on the manufactured fatliquored 
leather proved that: 

i. The leather processed by the 
manufactured fatliquor and 

conventional fatliquor are closer in 
respective of their mechanical 
strength properties with a tensile 
strength of 20.66 MPa for the 
synthesisedfatliquor and 21.59 
MPa for the conventional fatliquor. 

ii. The optimum tensile strength was 
achieved at 8 and 10% degree of 
sulphation (4% fatliquor offer) 
with a tensile strength of 20.45 
MPa and 23.20 MPa as compared 
to 10.14 MPa of the conventional 
fatliquor. This indicated that the 
leather can be used as a clothing 
leather, wallet and Automated 
Teller Machine (ATM) card packs. 

 
Finally it can be concluded that 
Lophiralanceolataseed oil 
sulphatedfatliquor has a greatpotential to 
substitute the imported vegetable oil 
sulphatedfatliquor in Nigeria Leather 
ProcessingIndustry. 
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Abstract 
This paper discusses the study of sand / Palm Kernel Shell (PKS) particles for suitability in 
block production using cement and hardener as binder. The mix proportion of the blocks 
was based on 16g with filler ratios (20/80, 40/60, 60/40 and 80/20) % represented as 
samples A, B, C and D respectively, and then cured for 30 days before testing.  Tests 
conducted on the blocks were dry shrinkage, compressive strength, apparent porosity, bulk 
density, water absorption, hardness and SEM. Preliminary analysisof the results revealed 
that the physico-mechanical properties of the cement blocks were slightly better of than the 
hardener blocks across the various ratios. But sample D (80/20) amongst the other samples 
proved to be the best ofboth cement and hardener blocks. Clearly, the dry shrinkage of the 
hardener blocks was 0%,the compressive strength, apparent porosity, water absorption, 
hardness and also bulk density of the hardener blocks were in the range of 403 – 1050 
KN/M2, 25 – 40 %, 18 – 41%, 47.6 – 74.7 Hv, 0.84 – 1.48 g/cm3 respectively.  Thus, we can 
conclude that sand/PKS exhibit the better mechanical effect among other represented 
samples; as a result of its better tight network structure and stronger bond within the 
particles. This presents sand / PKS as a suitable substitute to cement in block making 
applications. 
 
Keywords:Agricultural waste, binder, block, cement, hardener, sand 
 
1.0  Introduction 
In any built environment, block remains 
the most versatile and commonest 
composite construction materials for 
infrastructural development of any nation. 
It is composed of cement, fine or coarse 
aggregate and water in a specified 
proportion. Though, sand and cement 
have been used in the construction of 
buildings as well as roads but the 
demands for these materials continue to 
grow [1]. Many sand mining sites have 
been closed because of the damage they 
cause to the environmental degradation 
such as the popular sand mining site 
within the campus of the Federal 
University of Technology, Owerri, Imo 

state of Nigeria. Problem of sand scarcity 
is of great concern that some equipment 
manufacturers have developed rock 
crushing equipment that produce 
‘‘manufactured sand’’ which resemble 
that of natural river sand [2]. Attempts 
have been made to either completely or 
partially replace sand with the use of 
alternative cheaper local materials which 
will greatly enhance the production of 
block with the desired properties at lower 
cost [3].  
 
In developing countries like Nigeria, 
proper utilization of agricultural waste 
such as rice husk, groundnut shell, Palm 
kernel Shell etc had not been given due 
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attention thereby constitutes an 
environmental nuisance as they form 
refuse heaps in the areas where they are 
disposed [4]. Palm kernel Shell (PKS) as 
an agricultural product has been regarded 
as waste from palm oil processing. They 
are obtained after extraction of the palm 
oil, the nuts are broken and the kernels 
are removed with the shells mostly left as 
waste. The PKS are hard stony endocarps 
that surround the kernel and the shells 
come in different shapes / sizes with good 
mechanical properties for light weight 
structures [5]. 
 
In Nigeria, cement is averagely the most 
expensive ingredient in the production of 
block.Due to the negative impact 
resulting to environmental pollution, 
degradation of natural resources such as 
limestone and high cost of Portland 
cement, there is, therefore, need for 
available substitute for cement in block 
production [6]. One of the practical 
solution is the use of an alternate binder 
such as ‘‘hardener’’. Hardener is a 
component of certain types of mixtures 
that can be used in a majority of bonding 
situations at lower temperatures, and to 
produce a rapid cure that develops its 
physical properties quickly at room 
temperature. Also, it can be a reactant in 
the chemical reaction during mixture once 
it set or used as a curing component [7]. 

Therefore, the purpose of the research is 
to explore the potential of using PKS as a 
combination with sand and hardener as 
binder for sustainable economic 
development in block production and also 
as a replacement for cement. 
 
2.0   Experimental 
2.1   Materials Preparation 
The PKS obtained from Umuodom 
village, Isiala Mbano, Imo – state, 
Nigeria, was agitated in 5 Litres of water 
and soaked for 72 Hrs to remove both live 
and dead organic matters that could have 
affected the physico – mechanical 
properties of the PKS after which the 
clarified water was sieved off. The shell 
(Fig. 1(a)) was sun dried for about 3 days, 
ground and sieved through 80µm sieve to 
obtain fine particles. These sieving 
processes were repeated for the Silica 
sand obtained from Badagry Beach 
Badagry, Lagos, South West, Nigeria at 
the sea shore. 88 Universal mold release 
wax (Meguiar’s Mirror Giaze)was used as 
a mould releasing agent while Ordinary 
Portland cement (OPC) manufactured by 
Dangote cement, Nigeria and hardener 
(West System 205) were used as 
binder.The chemical composition of OPC 
is listed in Table 1.  
 

 

 
 

 

a b c 

d e f g 
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Fig. 1: (a) Dried PKS (b) Ground PKS (c) Ordinary Portland cement (d) Silica sand (SS) (e) 
Hardener (f) 88 Universal mold release wax (g) Stainless steel mould with detachable base 
 
Table 1. Chemical analysis of OPC 
 
 
 
 
 
 
 
 
 
 
 
2.2    Preparation of BlocksSamples 
Caution was taken in the preparation of 
large number of samples at all production 
stages. The mixture of SS / PKS with 
cement and SS / PKS with hardener was 
based on 16 g. The mixture was done 
properly to obtain mouldable test samples 
in different filler r atios of (20/80, 40/60, 

60/40 and 80/20) represented as samples 
A, B, C and D respectively. They were 
sun-dried for 30 days preparatory to the 
various tests of linear shrinkge, bulk 
density, apparent porosity, compressive 
strenght, water absorption and scanning 
electro microscope.

 
 

  
 
Fig. 2: (a) Hardener samples at various ratios and (b) OPC samples at various ratios 
 
3.0   Test Procedures 
3.1   Dry Shrinkage  
The dry shrinkage (DS) was determined 
by measuring the length of the dried 

sample as (Ld) and later as (Lo) after oven 
drying at 1200 C for 60 minutes. The DS 
was then calculated using Equation (1) 
[8]. 

100% ���
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��
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�

d

od
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DS        

 
3.2    Compressive Strength  
The compressive strength (CS) of the 
samples was determined by placing the 
samples in a compressive testing machine 
andload applied axially by turning the 

hand wheel at a uniform rate till failure 
occurs using a well calibrated scale. The 
tensometer readings were recorded and 
compressive strength calculated using 
Equation (2).

 

Parameter OPC (%) 

SiO2 21.7 
Al2O2 5.61 
Fe2O2 3.83 
CaO 64.47 
MgO 2.01 
Na2O 0.13 
K2O 0.17 
SO3

2 1.69 

a b 
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3.3    Apparent Porosity and Bulk 
Density 
Apparent porosity (AP) and Bulk density 
(BD) of the samples were determined by 
drying freshly compacted samples in the 
oven at 1200 C for 2 Hrs to obtain specific 
constant weight (Wd). Thereafter, each of 

the samples was soaked in water for 
seven (7) hours and the wet weight of the 
samples taken as (Ww). The AP was 
calculated using Equation (3) while the 
BD was determined with Equation (4) 
where ρw is the density of water [9].                                            
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3.4     Water Absorption  
The water absorption (WA) was 
determined by totally immersing the dried 
weighed sample (Wd) in 250 ml beaker of 
water for 24 Hrs. After which they were 

taken out, wiped with a clean cloth, 
weighed (Ww) and recorded according to 
ASTM D 570 standard. The WA was 
calculated using Equation (5).
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3.5     Micro- Hardness 
The micro – hardness (MH)was 
determined by placing a sample in a Leitz 
Hardnes (OS-2H) tester. This tester had a 
diamond indenter, in the form of a right 
pyramid with a square base and an angle 
1360 between opposite faces under a load 
of 3 N in accordance with ASTM E384. 
 
3.6     Scanning Electron Microscope  
The scanning electron microscope (SEM) 
was determined by placing a small piece 
of the dried compacted samples in a 
PHENOM G2 Pro SEM machine to 

access the morphology of the sample on 
the monitor screen using 15.0 KV. 
 
4.0   Results and Discussion 
4.1   Dry Shrinkage 
Fig. 3 revealed the dry shrinkage of 
hardener and cement blocks at various 
filler ratios. Cement blocks presents the 
maximum shrinkage value of 2.6 % 
across every filler ratios maybe this was 
due to the presence of impurity within the 
particles while that of the hardener blocks 
showed no shrinkage effect. This may 
also be as a result of no contraction 
within the individual particle [10].
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Fig. 3: Dry shrinkage of hardener blocks and cement blocks at various filler ratios 
 
4.2     Compressive Strength 
The CS for both the hardener blocks and 
cement blocks at different filler ratios is 
shown in Fig. 4. Though the figure shows 
that the compressive strength increases 
across the various samples but sample D 
presents a greater strength with 1050 

KN/M2 and 1200 KN/M2 for both 
hardener and cement blocks respectively 
compared to other samples. This could be 
attributed to increase in cohesive bond / 
interfacial bonding between individual 
grains [11][12]. 

 

 
 
Fig. 4: Compressive strength of hardener blocks and cement blocks at various filler ratios 
 
4.2    Bulk Density 
In Fig. 5, there was gradual increase in 
BD across the various ratios. With the 
increase in BD of the samples, where the 
hardener blocks ranges between 0.84 
g/cm3 – 1.47 g/cm3 and the cement blocks 
was between 0.9 g/cm3 – 1.64 g/cm3, 

sample D still exhibits the maximum BD 
of 1.47 g/cm3 for hardener blocks and 
1.84 g/cm3 for cement blocks. This was 
due to increase in closure of internal 
pores while other samples possess lesser 
closure of internal pores between the 
binder and the particles [11][12]. 
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Fig. 5: Bulk density of hardener blocks and cement blocks at various filler ratios 
 
4.3   Water Absorption and Apparent 
porosity 
Fig. 6 presents the WA of hardener and 
cement blocks at different ratios. Across 
the various ratios, sample D reveals the 
least absorption rate of 19 % for hardener 
blocks and 13 % for cement blocks. This 
was as a result of strong interfacial 
bonding as well as high closure of 
internal pores between the binder and 
particles compared to other ratios with 

poor bonding and increase in macro-
cracks were WA rate is based on fluid 
penetration resistance. This WA trend can 
be related to AP rate as shown in Fig. 7 
were sample D shows the least porosity 
rate of 25 % and 21 % for hardener and 
cement blocks respectively. This was due 
to better cohesive bonding between the 
binder and the particles which can also 
lead to improve in strength higher than 
that of other ratios [13]. 

 
 

 
 
Fig. 6: Water absorption of hardener blocks and cement blocks at various filler ratios 
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Fig. 7: Apparent porosity of hardener blocks and cement blocks at various filler ratios 
 
4.4   Micro-Hardness 
Fig. 8 showed that the MH increase began 
from the initial filler ratios (Sample A). 
The maximum MH value was shown at 
sample D with 74.7 Hv and 80 Hv for 
hardener and cement blocks respectively. 

This was due to increase in compactness 
and better interlocking within the 
individual particles than other filler ratios 
which ranges between 47.6 Hv - 67.8 Hv 
for  hardener blocks and 58.2 Hv – 75.1 
Hv  for cement blocks [14].

 
 

 
 
Fig. 8: Micro hardness of hardener blocks and cement blocks at various filler ratios 
 
 
4.5   Scanning Electron Microscope 
Analysis (SEM) 
The morphological texture of samples A 
presented in Fig. 9 (a) and (b) for 
hardener and cement samples show 
increased disaggregation in the texture; 
and this accounts for the increase in 
porosity due to the opening up of internal 

pores in the block samples as well as poor 
bonding of the binder with the individual 
particles. Fig. 9 (c) and (d) for samples C 
show the existence of aggregated 
individual particles which indicates fairly 
tight bond and present increased closed 
network of structures; which could 
combat dispersive behaviour [10].
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(a)                                                                       (b) 

 

 
(c)                                                                         (d) 
Fig. 9: Morphological texture of the block samples at different filler loadings: (a) Hardener 
samplefor A (b) Cement sample for A  (c) Hardener sample for C  (d) Cement sample for C  
 
 
5.0    Conclusions 
In general, the 80/20 ratio represented by 
sample D for both hardener and cement 
samples exhibit the better mechanical 
effect among other represented samples; 
as a result of its better tight network 
structure and stronger bond within the 
particles. Also, the hardener blocks 
present comparable values to that of the 
cement samples at same ratio and its 
combination with sand / PKS could be 
explored as binder for block production. 
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Abstract 
Natural rubber was reinforced with particles of cashew nut shell powder (CNSP) as filler. The 
filler was loaded in the compound from 0-50pphr of natural rubber. The cashew nut shell 
powder was carbonized and characterized for pH, moisture content, particle size, bulk density 
and ash content. The characterization results revealed 8.13 pH value, 0.58% moisture content, 
276.4 d.nm at 69.2% and 404 d. nm at 30.8% particle size, 0.4032g/ml bulk density and 15.99% 
ash content. The mechanical analyses carried out were tensile strength, compression strength,  
hardness and abrasion resistance. The obtained results showed that as filler loading was 
increased from 0-50pphr, the tensile strength also increased from 0.30Mpa to 5.60Mpa which is 
agood indication of reinforcement of the filler. The compound filled wit h 10pphr gave the best 
percentage compression strength of 11.1% while that of 50pphr revealed 22.2%. The hardness 
values were not left out in the trend as the filler also increased, the hardness resistance also 
increased from 25-44 IRHD. The abrasion resistance increased as the filler loading was 
increased from 0-40pphr with abrasion values of 6.78, 0.84, 0.57, 0.35 and 0.21% respectively 
before it increased at 50pphr to 1.73%. 
 
Key words: Ash content, Fillers, Moisture content, Natural rubber and Tensile strength 
 
1.0 Introduction 
The need to develop industrial products 
from renewable, environmental friendly and 
sustainable raw materials and processes is 
attracting global attention. Natural rubber is 
a gummy substance isolated from the white 
fluid of certain tree species called 
HeveaBrasiliensis with major chemical 
constituent of natural hydrocarbon polymer 
(polyisoprene) of 2-methyl-1,3 butadiene. It 
is the major feed stock to the rubber 
industries, however, in its raw state, natural 
rubber is not suitable for use in any given 
application because of their viscoelasticity 

(tendency of both plastic and elastic 
behaviour)(Egwakhide et al; 2013). 
 
Nanotechnology, technologies at nanoscale, 
is a new science that involves enhancing and 
engineering the material properties and 
technologies at the nanoscale. In comparison 
with the microtechnology, nanotechnology 
leads to extremely different phenomena and 
performances. The nanocomposite products 
contain reinforcing or fillers in nanoscale 
(less than 100 nm).Most of the mechanical 
properties can be improved using nanoscale 
fillers. Researchers have studied the current 
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and future prospective products within the 
nanoscience(Islam et al; 2013). 
 
In natural rubber compounding, fillers are 
majoradditives. Incorporation of fillers into 
natural rubber matrix enhances properties 
such as tensile strength, modulus, tear 
strength, abrasion resistance, stiffness and 
processibility. Also significantly reduced by 
the addition of additives is the cost of the 
manufactured rubber products (oboh et al; 
2008). 
 
The mechanism of elastomeric 
reinforcement by fillers has been reviewed 
by several workers. One of the mechanisms 
by which particulate fillers reinforces 
elastomers is that reported by Bueche and 
Flemimert. They considered that the effect 
of filler is to increase the number of chains, 
which shared the load of a broken polymer 
chain. Fillers used in rubber industries may 
be classified on the basis of sources, 
properties and colour(Egwakhide et al; 
2013). 
 
Composites are multifunctional materials of 
two or more distinct components. 
Macroscopically, they have identifiable 
distinct interface that separate them. 
Polymer composites basically have 
discontinuous phase (fillers) embedded in a 
continuous phase (polymer). They are 
termed hybrid composites when two or more 
discontinuous phases are incorporated into a 
continuous phase. Hybrid fillers reinforced 
composites have been reported to enhance 
the mechanical, thermal, damping properties 
compared to single filler reinforced 
composites(Oboh et al; 2018b). Extensive 
works have been going on in the search for 
possible substitutes for some grades of 
carbon black as filler for rubber products. 
For instance, by-products from agricultural 
sources have been used – maize cobs, rubber 
seed shell, ground nut husk, cassava peeling, 

plantain peel, coconut fibre, rubber seed 
shell carbon (Aguele and Madufor, 2012) 
 
2.0 Materials, Equipment and 
Methodology 
Cashew nut shell was locally sourced from 
AuchiCommunity of Edo State. Natural 
rubber was obtained from Rubber Research 
Institute of Nigeria, Iyanomo, Benin city, 
Edo State. All other compounding additives 
used (zinc oxides, stearic acid, 
trimethylquinoline, Sulphur and 
mercaptobenzolthiazoledisulphide) are of 
analytical grades and products of British 
Drug House (BDH), England. 
 
2.1 Equipment 
The equipment used are Endocott test sieve 
shaker, by Endocott test sieve ltd., London, 
Ball Miller by Pascal Engineering Co. Ltd. 
Sussex, England, Furnace, soxhlet 
apparatus, beakers, stop watch and Two roll 
mill, Reliable Rubber and Plastics 
Machinery, model 5189, Advanced Material 
Testing Machine, Zwick/Roell, Hardness 
tester MuverFranscisco, Munoz Irles, 
Abrader, Santra test equipment, and Wallace 
compression set machine.  
 
2.2 Methodology 
2.2.1 Preparation and Characterization 
of Filler   
Cashew nut shell powder was winnowed to 
remove sand particles and other adhering 
foreign bodies and then washed. The washed 
Cashew nut shell powderwas placed in the 
planetary mill with a spherical grinding 
media which consists of planetary balls (< 
0.1mm diameter) made of hardened steel 
(0.24 to 0.95cm diameter). The Cashew nut 
shell powderand the grinding media were 
placed in a stationary tank followed by an 
agitation with an armed shaft rotating at 
250rpm. The forces of shear and impact 
exerted by the grinding media on the 
Cashew nut shell powderreduced it to a 
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dispersion of fine powder. The resultant 
slurry formed was discharged, air-dried and 
further oven-dried. The cake was further 
extracted with N-hexane to discard off the 
oil in the Cashew nut shell powderand was 
carbonized at the temperature of 200oC, the 
residue was ball milled using the top-down 
technique (i.e. critical speed grinding under 
a continuous process ofapproximately 48hrs) 
to a fine particle size. Standard tests method 
was used to characterize the powder for 
moisture content (ASTM 1509) at 105oC, 
pH (ASTM 1512) and particle size [Ojinmah 
et al; 2017]. 
 
2.2.2 Compounding of the composites  
The compounding of the rubber with other 
additives were done using a laboratory two 
roll mill in accordance with ASTM D3184-
80 method at temperature of 70 ± 5oC, 
followed by in-situ moulding and curing at 
130oC with a hydraulic press machine. 
 
2.2.3 Tensile Strength  
These tests were conducted in accordance to 
ASTM D412. Tensile tests were carried out 
at room temperature using an Advance 
Material Testing machine model 3366 with a 

load cell 1kN. Pre-moulded dumbbell 
shaped specimens with dimensions of 50 X 
8 X 4 mm3 were used to perform the 
experiment ata loading speed of 200 
mm/min (Islam et al; 2013) 
 
2.2.4 Hardness test  
The hardness test of a rubber is the relative 
resistance of the surface to indentation by an 
indentor of specified dimension under a 
specified load. Hardness of the vulcanisates 
was determined by standard dead load 
method (BS903 part A 26) [Egwakhide et al ; 
2007].  
 
2.2.5 Abrasion resistance  
Wallace Akron tester was used in 
accordance with BS method Abrasive 
resistance index = (S) 1000/ T  
………………. (1) [Egwakhide et al; 2007].  
 
2.2.6 Compression set  
Wallace compression set machine 
(Mode/Ref No (2, H250) was used to 
determine the compression set of the 
vulcanizates. Compression set % = t0- tr/t0 
X 100     …………… (2) [Egwakhide et al; 
2007]. 

 
Table 1: Formulation table 

S/NO Ingredients PPhr 
1 Natural rubber 100 
2 Zinc oxide 5 
3 Stearic acid 2 
4 Trimethylquinoline (TMQ) 1.5 
5 Mercaptobenzolthiazole 3 
6 Cashew shell powder 0,10,20,30,40,50 
7 Processing oil 2 
8 Sulphur 3 

 
3.1 Results and Discussions 

 
Table 2: Characterisation Results 

S/NO Characterisation Results 
1 Moisture content (%) 0.58 
2 Bulk density (g/ml) 0.4032 
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3 Ph 8.13 
4 Ash content (%) 15.99 
5 Oil absorption number (ml/100g) 64,7 
6 Iodine absorption number (cm3/100g) 109.94 
7 Refractive index 1.586 
8 % Loss on ignition at (950oC) 11 

 
also influenced by the presence of volatile 
substances, the porosity of the surface and 
the presence of extractable (ASTM-D1510). 
 
The result Cashew nut shell powder (CNSP) 
was characterized in terms of moisture 
content, pH, bulk density, particle size, ash 
content; oil absorption number, refractive 
index and iodine absorption number see 
Table 2. The above parameters were 
necessary because they play an important 
role in determining the distribution and 
dispersion of the fillers in natural rubber 
(Egwakhideet al., 2017). 
 
The pH of the filler slurry shows that the 
filler is alkaline in nature with alkaline value 
of 8.13 which in turns accelerates 
vulcanisation, moisture content of 0.58%, 
bulk density of 0.4032 g/ml, ash content of 
15.99%.  
 
The bulk density result which reveals 0.4032 
g/ml is an indication of the material being 
light weight filler and its alkaline nature will 
help to accelerate vulcanization. 
 
The low moisture content of 0.58% was as a 
result of the filler being carbonized at 
200oC. 
 
The iodine absorption number is the amount 
of iodine taken up by 100 g of the material. 
It is also a direct proportion to the surface 
area. The absorption number isinTable 2 
shows that cashew nut shell powder has an 
iodine absorption number of 
109.94cm3/100g, this implies that the higher 
the iodine absorption number the higher the 

surface area and the better reinforcement the 
filler will be. 
 
The oil absorption which is the amount of 
linseed oil required to exactly wet 100g of 
the pigment, depending on the surface, 
particle shape, surface type (morphology) of 
the pigment/extender will determine the 
quantity of oil to be absorbed (ASTM D281-
95, 2007). The higher the oil absorption 
numbers of the pigment/extenders, the 
higher the materials surface area and the 
more binder it will require to bind it. The 
results obtained in Table 4.2 shows that 
CNSP has the lowest oil absorption number 
of 64.7ml, per 100g of the material. This in 
turn categorised CNSP as a medium oil 
absorption material materials. 
 
The loss on ignition (LOI) is the mass loss 
from solid combustion residues upon 
heating in an air or oxygen atmosphere to a 
prescribed temperature. The mass loss can 
be due to loss of moisture, carbon, sulphur, 
and so forth from the decomposition or 
combustion of the residue (ASTM D7348-
08). 
 
The results obtain shows thatCNSP has a 
loss on ignition of 11% at 950oC which 
signifies that the CNSP has higher volatile 
matters such as moisture, carbon and 
sulphur contents in it. The weight loss on 
ignition is a measure of carbon content lost 
during burning. The larger the non carbon 
element of the agricultural by-product, the 
lower reinforcing the fillers will be for 
elastomers (Ojinmah et al; 2017). 
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Refractive index is mostly used to identify a 
particular substance, confirm its purity or 
measures its concentration. It is used to 
measure the concentration of solutes in an 
aqueous solution. 
 
The results obtained from Table 2 showed 
that the refractive indices of CNSP, JSSP 

and CB are 1.586 per 0.1g of the material 
dissolved in 50ml of methanol;these results 
were not far from that of Aguele et al; 
(2012) which reported R.I of carbonized coir 
to be 1.5191. 
 

 

 
 
Figure 1: Dynamic light scattering of Cashew nut shell powder (CNSP) 
 
The dynamic light scattering was use to 
analyse the particle size of the filler, the 
results obtained revealed that 100% of the 
particle size of the carbonized cashew nut 
shell powder falls in 316.7 d.nm, which falls 

above the 0 to 100 nm range to be classified 
as nano filler, rather can be categorized as 
semi-nano filler 
 
 

 
 
 
Figure 2: Effect of filler loading on Hardness  
 
The mechanical properties of the compound 
showed that hardness values increased as the 
filler content increased from 0-50pphr. See 

Figure 2. With the blank compound 
showinghardness value of 25 IRHD and that 
of 10pphr of CNSP showed a hardness value 
of 32 IRHD. The result further increased to 
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that reinforced with 50pphr with a hardness 
value of 44 IRHD. 
 

 
 

 
    Filler Loading (g) 
 
Figure 3: Effect of filler loading on Abrasion resistance  
Figure 3 shows the results for percentage 
abrasion resistance which reveals 
reinforcement of filler with respect to the 
utilization was particulate nature. The 
compound without filler showed the poorest 
abrasion resistance percentage with value of 
6.78% wear and the result became better as 
the filler loading increased from 10-40pphr 
with abrasion values of 0.84, 0.57, 0.35 and 
0.21% respectively. And it later increased to 

1.73% at 50pphr. This could be as a result of 
too much filler dosage and the NR matrix 
was no longer sufficient to wet the filler 
which can as well give rise to 
inhomogeneous compound mix. 
 
 
 
 

 
 
 
Figure 4: Effect of filler loading on Compression set  
Figure 4 shows that the percentage 
compression set was not left out as it 
increased with increase in filler loading from 
0-10pphr as 11.1% compression which 
revealed the best percentage compression set 

compound amongst all and there was a 
slight increased from 20-40pphr with 
percentage compression as 16.7% across 
board and further decreased to 22.2% at 
50pphr. 
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Figure 5: Effect of filler loading on Tensile strength  
Figure 5 shows the result for tensile strength 
and it is an indication of filler reinforcement. 
The result of natural rubber filler cashew nut 
shell powder show a considerably increase 
in the tensile strength as the filler content 
was increased from 0-50pphr with the 
unreinforced compound having the least 
tensile strength result of 0.30 Mpa, and then 
a continual increase from 10-50 pphr with 
tensile strength values of 1.7, 2.6, 3.4, 3.5 
and 5.60 Mpa respectively. 
 
Conclusion 
The utilization of cashew nut shell powder 
as filler was characterized for bulk density, 
moisture content, pH, ash content and 
particle size distribution. Also analised were 
the mechanical tests such as hardness, 
abrasion resistance, tensile strength and 
compression strength. The preliminary 
characterization revealed that the filler is a 
light weight material and it is alkaline in 
nature, hence can promote vulcanization. 
 
The tensile strength and hardness resistance 
were increasing as the filler loading were 
increased from 0-50pphr. This has proved 
that carbonized cashew nut shell powder is a 
potential reinforcing agro waste filler to be 
utilized in rubber compounding in order to 
reduce the cost of production or rubber 

articles as increase in filler loadings tends to 
increase the mechanical properties of the 
rubber compounds. 
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Abstract 
The effects of de-oiled cashew nutshell powder (CNSP) and eggshell powder (ESP) on the 
physical,mechanical, water absorption and biodegradation properties of linear low density polyethylene 
(LLDPE) composites were studied. The LLDPE composites were prepared with 150μm particle sizes of 
30%wt. ESP and varying amount of CNSP (10, 20, 30 wt.%) using injection molding machine at a hopper 
and nozzle temperatures of 200oC and 220oC respectively and at rotor speed of 60rpm. Results showed 
that the tensile, flexural and impact properties decreased with increasing CNSP filler. Whilst the 
mechanical properties of ESP-filled composites were lower than those of the non-ESP composites, there 
was a drastic drop in the composite with 20%wt. CNSP. The water absorption rates of the composites 
increased with duration and increasing CNSP amount for both the ESP and non-ESP composites. 
Similarly, the rates of biodegradation of the composites increased with duration and increasing CNSP for 
the composites. 
  
Keywords: Biodegradation, Cashew Nutshell, Composites, Eggshell, Mechanical. 
 
1.0 INTRODUCTION 
Compositing in the plastic industry has stemmed 
from three main reasons,  viz strength 
improvement, enhancement of biodegradability 
and reduction in production 
cost(Carraher,2014.1-232).Polymercomposites 
are composed of thermoplastics or thermosets 
which act as the matrix, with fillers (natural or 
synthetic fibers) as the reinforcement medium. 
These fillers can either enhance or decrease the 
properties of the composites depending on the 
even or uneven interaction between the polymer 
resin and the fillers during compounding and 
formulation processes. Many literatures have 
studied the effects of different materials on some 
polymer composites such as, low density 
polyethylene, high density polyethylene, 
polypropylene and linear low density 
polyethylene. These materials include 
sawdust(Najafi,Hamidinia& Tajvidi,2006,3641-
3645), microcrystalline cellulose 
(Boran,2016.1741-1752),walnut shell flour 
(Nitin&Singh,2012.233-238),eggshell powder 
(Nwanonenyi&Chike-Onyegbula,2013,352-

358;Shuhadah and  Supri,2009,87-
98;Farahana,Supri&Teh,2015,1-9),fish bone 
powder (Igwe and Onuegbu,2012,56-61),and 
cashew nutshell powder (Ilavbare,et al,2018,56-
61 and Abubakar,2016). 
 
Presently, composites are made for benefits 
beyond just improved strength and enhancement 
of other mechanical properties, they are also 
tailored towards enhancing other properties, 
such as, heat conductivity and insulation, 
electrical conductivity and insulation, 
biodegradability, water absorption, aesthetics, 
anti-corrosive, anti-static etc. The non-
biodegradability of polyethylene (PE) has 
constituted environmental pollution due to little 
or non-existent methods of proper disposal. The 
need for an alternative which has both enhanced 
mechanical and biodegradable properties more 
than PE is pertinent to expand and not constrict 
its applications.Recent studies have been geared 
towards development of composite materials 
made from waste products, such as agricultural 
wastes (Elhaijar, LASaponara and 
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Mullana,2017,1-430 and Fazeli, Keley and 
Biazar,2018,272-280).This study is therefore 
aimed at developing and exploring new 
applications for de-oiled CNSPin the polymer 
field. 
 
Cashew nut shell is a byproduct of cashew tree 
(Anacardiumoccidentale, L), which is grown in 
the tropical region of the world, notably the 
Ivory Coast, Vietnam, Indian, North and 
Southern America including the Caribbean 
Islands.They are also grown in Indonesia, 
Tanzania, Kenya, Mozambique, Benin, Guinea-
Bissau, Nigeria and other countries with smaller 
production volumes.Cashew is made up of the 
cashew seed (commonly referred to as cashew 
nut) and the cashew shell (commonly referred to 
as cashew nutshell).The cashew nutshell is the 
residue or waste obtained after the extraction of 
the cashew nutshell liquid which consists of 
phenolic lipids, anacardio acid and cardanol 
(Ferri,2011,29-31).Recently de-oiled cashew nut 
shells are used as reinforcement in cement 
making due to their fibrous nature. They are also 
used as fillers in certain special proposed 
polymer composites.According to the study 
reported by Ilavbareet al,2018,49-54,titled 
“Hybridisation of Carbon Black: Cashew 
Nutshell Powder as Fillers on the Mechanical 
Properties of Natural Rubber 
Composites”.Results of the study showed an 
increase in the tensile strength, micro-hardness, 
impact strength and abrasive resistance of the 
produced natural rubber 
composites.Abubakar,2016,also reported an 
increase in the micro-hardness and a decrease in 
the tensile strength, impact strength and abrasive 
resistance properties of the polypropylene 
composites. 
 
Eggshell is also a waste generated in the 
processing of agricultural produce. It is mainly 
composed of calcium carbonate (CaCO3) 
crystals usually stabilized by a protein matrix. It 
is estimated that about 80,000 tons of eggshell is 
generated in Nigeria annually, of which 26% is 
used in fertilizer production, 20% is used in 
animal feed production, 5% is used for other 
uses, leaving us with 49% (39,200 tons) which 
are thrown away annually (Daengprok, 
Garnjanagoochorn and Mine,2002,199-204; 

Matson and Hecht,1999,2487-2508).These 
eggshells are excess in the environment and thus 
pose challenges with disposal.  Recent 
innovations in the eggshell industry have 
devised ways to separate the calcium rich 
eggshell from the protein rich inner membrane, 
thus expanding the applications of eggshell. 
Some applications of eggshell include: its use as 
abrasive agents, stabilizing agents to improve 
soil properties, coating pigment for ink-jet 
printing paper additive, calcium source for both 
human and animal nutrition. Many studies have 
reported some properties of eggshell filled 
polyethylene composites, but there is norecorded 
or existing literature on the combination of 
eggshell and de-oiled cashew nutshell in the 
production of LLDPE composites. The study is 
therefore aimed at determining the effects of 
eggshell and de-oiled cashew nut shell on the 
mechanical properties, water absorption and 
biodegradation behavior of LLDPE composites. 
 
2.0 Experimental 
Materials 
The Linear low density polyethylene (LLDPE) 
of density range 0.915-0.925 g/cm3 was supplied 
by Indorama Eleme Petrochemicals Limited, 
Port Harcourt, Rivers State, Nigeria. De-oiled 
Cashew nut shell (CNSP) was obtained after the 
extraction of its liquid with acetone and then 
carefully processed to obtain powdered cashew 
nut shell of mesh size 150µm. The cashew 
nutshell was sourced from Auchi, in Edo State, 
Nigeria.Eggshells were also sourced from 
Okpunor pastries, Rivers State, Nigeria and 
thenprocessed to obtain same mesh size as 
CNSP which was used for the study. 
 
Method 
Preparation of Cashew nut shell and eggshell 
filled composites 
 
The filler materials were initially oven-dried in 
its powdered form and the moisture contents 
were determined. Compounding and production 
of the composites were done at Ceeplast 
Industry, Ltd., Aba, Nigeria. The ESP (30 
wt.%),  CNSP (10, 20, 30 wt%) and LLDPE 
were mixed in different ratios to produce the 
final composites as shown in Table 1. They were 
introduced into the injection moulding machine 
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(4.6KW, 10 H, Taiwan) through the hopper at 
200oC. The mixing was done at a hopper and 
nozzle temperatures of 200oCand 220oC 

respectively and at a rotor speed of 60rpm, while 
the average thickness of the composites 
produced was 3.5-4mm. 

 
Table 1: Composition of CNSP and ESP filled polymer composites 
Samples Percentage weight Composition 
 LLDPE CNSP ESP 
NEAT LLDPE 200 - - 
LLDPE/CNSP-10 190 10 - 
LLDPE/CNSP-20 180 20 - 
LLDPE/CNSP-30 170 30 - 
LLDPE/CNSP-0/ESP-30 170 - 30 
LLDPE/CNSP-10/ESP-30 160 10 30 
LLDPE/CNSP-20/ESP-30 150 20 30 
LLDPE/CNSP-30/ESP-30 140 30 30 
LLDPE: Linear low density polyethylene; CNSP: Cashew nut shell powder; ESP: Eggshell powder 
 
Mechanical properties 
Tensile properties: The tensile strength and its 
complementing properties were tested using 
universal instron tester according to ASTM 
D638 procedure, which is the method used for 
testing materials of between 1-14mm 
thicknesses. The composite samples were 
preparedat 250C and a fixed crosshead speed of 
1mm/min to obtain tensile strength, tensile 
modulus and elongation at break. The results 
presented are the meanvalue of three different 
runs for each of the samples. 
 
Flexural properties: The flexural strength and 
its complementing properties were also 
determined using same universal instron tester 
in accordance with ASTM D790, at a cross 
head rate of 0.01 mm/min by using three-point 
bending geometry to evaluate the flexural 
strength and modulus. The test was carried out 
atroom temperature and the mean value 
obtained for three runs for each of the samples 
was recorded. 
 
Impact test: The Impact strength of the 
composites was determined using NotchedIzod 
impact tester in accordance with ASTM D256 
procedure. Different values arising from the 
three runs were obtained for each of the 
composites and the average value was 
computed. 
 
Water absorption test:Each sample 
formulation was cut into 6 pieces of dimensions 

(25mm x 2.5mm), cleaned and then their initial 
thicknesses (Li) were determined separately 
using the micrometer screw gauge. Theweight 
(Wi) of each sample was determined and then 
the samples were immersed in 150ml of water 
for 42days. After intervals of 7days, one sample 
for each formulation was removed, cleaned, and 
then weighed immediately as (Wf), with the final 
thickness (Lf) determined and recorded.The 
percent water absorption was computed using 
the equation below: 
 
   Weight gain wg (g) = wf - wi

                                       wi

Where Wf = final wet weight  
 Wi = initial dry weight  

 
Biodegradation test: Each sample formulation 
was cut into 4pieces of dimensions (25mm x 
2.5mm), cleaned and then their initial 
thicknesses (Li) weredetermined separately 
using the micrometer screw gauge. The weight 
(Wi) of each sample wasdetermined and then the 
samples were buried at a depth of 25cm below 
ground surface for 100days.After intervals of 
25days, one sample for eachformulation was 
exhumed, thoroughly washed with water to 
remove sand particles, cleaned, sundried for 12 
hrs to remove any absorbed moisture and 
weighed as (Wf) with the final thickness(L f) 
determined and recorded.The percent rate of 
biodegradation was calculated using the 
equation below: 

68

x 100%



NJPST Volume 15: 2020 ISSN: 1119-4111  Oriji et al. 
 

 

 

翿�翿�耀耀耀耀 翿�耀翿�翿� % =  
翿�耀−翿�耀

翿�耀
× 100 

 Where Wi = initial weight of the 
samples 

       Wf = final weight of the 
samples after degradation period 

 
3.0 RESULTS AND DISCUSSION 
Tensile strength and modulus 
The effect of filler loading on the tensile  
strength and modulus of the CNSP and CNSP-
ESP filled compositesareillustrated in figures(1) 
and (2). It was observed that the tensile strength 
and modulus reduced as theamount of CNSP 
filler in the composite increased. This trend was 
noticed in both the ESP andnon-ESP filled 
composites and the results were similar to the 
studies reported previously by (Nwanonenyi& 
Chike-Onyegbula,2013,352-358; Ardhyananta, 
Ismail & Takeichi,2007, 789 and Lumlong,et 
al,2007,789).This decrease in tensilestrength 
may be due to the poor adhesion of the filler-
matrix and the agglomeration of the 
fillerparticles. The decreasing modulus with 
increasing filler, despite exhibiting high stiffness 
may be due to the incompatibility of the fillers 
with the LLDPE. This decreases its ability to 
withstand greater loads thus the composites 
break apart more easily under tension. Another 

reason may be due to interfacial voids created 
when composites are subjected to tension. The 
voids acted as stress concentrators and thus 
propagated more rapidly, leading to deformation 
at a reduced tensile stress. The tensile strength 
and modulus of non ESP composites were 
higher than those of the ESPcomposites; this 
may probably be due to better compatibility and 
interfacial adhesion of CNSP filler and LLDPE 
whencompared to CNSP-ESP fillers and 
LLDPE. Previous studies have shown that the 
decrease in tensile strength ofcomposites is due 
to poor interfacial adhesion of the filler-matrix 
of the polymeric material while that of tensile 
modulus is due to creation of interfacial voids 
which act as stress concentrators 
(Salmah,Ismail& Bakar,2018,12-15).The 
increased tensile strength and modulus of (17:3) 
ESP composite when compared to same ratio of 
CNSP composite may be because ESP had better 
interfacial adhesion to LLDPE (i.e the force of 
adhesion) was greater when compared to CNSP. 
There was also drastic drop in the tensile 
strength and modulus of the 20g-
CNSPcomposite when compared to that of other 
formulations. This may be attributed to poor 
mixing or unevendispersion of the filler in the 
polymermatrix. 
 

 
 
Figure 1: The tensile strength of CNSP and CNSP-ESP filled composites at different filler 
loadings(P-value for both the CNSP and ESP were less than 0.05) 
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Figure 2: The tensile modulus of CNSP and CNSP-ESP filled composites at different filler loadings 
(P-value for both the CNSP and ESP were less than 0.05) 
 
Elongation at -break 
The effect of filler loadings on the elongation at 
break of the CNSP and CNSP-ESP filled 
composites is shown in figure 3; it expresses the 
capability of a material to resist changes without 
crack formation. It was observed that the 
elongation at break decreased as the amount of 
CNSP filler in the composite increased for both 
the ESP and non-ESP composites. This behavior 
is also similar to the trend reported 
byNwanonenyi&Chike-Onyegbula,2013,352-
358 and Lumlong,etal, (2007,789). This is 
probably because increased filler loading in the 
LLDPE matrix resulted in the stiffening and 
hardening of the composite which reduced its 

resilience and toughness and led to 
lowerelongation at break. Thus, the decreasing 
elongation at break indicates the incapability of 
thefiller to support the stress transfer from filler 
to polymer matrix. The elongation at break of 
theCNSP composites were higher than those of 
the CNSP-ESP composites, this is probably due 
to the fact that CNSP filler had better interfacial 
adhesion to LLDPE than CNSP-ESP filler to 
LLDPE. Previous studies have reportedsimilar 
trend to be attributed to the incapability of the 
filler to support the stress transfer from polymer 
filler to the matrix (Lumlong, et al,2007,789 and 
Jacob, Thomas &Varughese, 2004, 955-965). 

 

 
Figure 3: The elongation at break of CNSP and CNSP-ESP filled composites at different filler 
loadings (P-value for both the CNSP and ESP were less than 0.05) 
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Flexural strength and modulus 
The flexural strength and modulus of the CNSP 
and CNSP-ESP filled composites at different 
filler loadings are represented in figures(4) and 
(5). Flexural strength is the maximum bending 
stress that can be applied to a material before it 
yields while flexural modulus is the tendency for 
the material to resist bending. It was observed 
that the flexural strength and modulus reduced 
as the amount of CNSP filler in the composites 
increased for both the ESP and non-ESP 
composites. These results were similar to the 
trend reported by 
Ardhyananta,Ismail&Takeichi,(2007,789) which 
is probably due to the fact that as the amount of 
filler in the composite increases, the composite 
becomes highly non-homogenous which leads to 
defects. Therefore, when the composite material 
is subjected to bending force, these defective 
sites tend to localize the stress potentially 
creating localized weakness, the material 
therefore fractures (snaps) at these sites. This 

shows that as the filler content in the composite 
increases, the ability of the composites to resist 
bending reduces.The flexural strength and 
modulus of the CNSP composites were higher 
than those of the CNSP-ESP composites; this is 
attributed to increased non-homogeneity of 
CNSP and ESP used together as fillers in 
compositing. According to Salmah,Ismail& 
Bakar,2018,12-15, this is due to the non-
homogeneity of the polymer/filler matrix can 
affect the flexural strength and modulus of 
composites. The results of the (17:3) ESP 
composite was higher than that of the (17:3) 
CNSP composite and this may probably be due 
to better adhesion between the ESP and LLDPE 
when compared to CNSP and LLDPE. The 
drastic drop in the flexural modulus and strength 
of the 20g-CNSP composite whencompared to 
that of other formulations could be attributed to 
random orientation or uneven dispersion of the 
fillerin the polymer matrix. 

 
 

.  
 
Figure 4: The flexural strength of CNSP and CNSP-ESP composites at different filler loadings (P-
value for both the CNSP and ESP were less than 0.05) 
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Figure 5: The flexural modulus of CNSP and CNSP-ESP composites at different filler loadings (P-
value for both the CNSP and ESP were less than 0.05) 
 
Impact strength 
The effect of filler loadings on the impact 
strength of the CNSP and CNSP-ESP filled 
compositesis shown in figure 6. It is the amount 
of energy a material can absorb before it 
fractures. Results showed that the impact 
strength reduced as the amount of CNSP filler in 
the composite increased for both the ESP and 
non-ESP composites, this trend was similar to 
the study byLumlonget al, (2007, 789). This is 
attributed to the poor interfacial adhesion 

between the polymer/filler matrix, thus reducing 
the ability of the composites to withstand shock 
with increasing filler content. The result of the 
30g-ESP composite was higher than same ratio 
of CNSP composite, and this may be because 
ESP had better interfacial adhesion to LLDPE 
when compared to CNSP. Futhermore, the 
drastic drop in the impact strength of the 20g-
CNSP composite when compared to that of other 
formulations may be attributed to uneven 
dispersion in the compound mix. 

 

 
 
Figure 6: The impact strength of CNSP and CNSP-ESP composites at different filler loadings (P-
value for both the CNSP and ESP were less than 0.05) 
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Water absorption 
The effect of filler loadings on the water 
absorption properties of the CNSP and CNSP-
ESP filledcomposites is represented in figure 7. 
It was observed that the water absorption 
increased as the amount of CNSP filler in the 
composite increased for both the ESP and non-
ESP composites. According to Farahana,Supri& 
Teh,2015,1-9, it may be attributed to the fact 
that biomaterial which are used as fillers are 
hydrophilic in nature. The water absorption of 
the CNSP-ESP filled composites was higher 
than those of the CNSP filled composites.This 
may be due to the presence of high level of 
CaCO3 in the eggshell powder which is able to 
absorb more water, thus increasing the water 
absorption. Another reason is the incorporation 

of different fillers stemming from theincreased 
amount of filler which lead to the agglomeration 
of the fillers thus increasing the water absorption 
of the composites.According to Abdullahet al., 
2011,36-42, as the filler contentincreases, the 
formation of agglomerations increases due to the 
difficulties of achieving a homogeneous 
dispersion of filler at high filler content. The 
30g-ESP composite has a higher rate of water 
absorption when compared to the 30g-CNSP 
composite; this is most likely because ESP has a 
greater propensity to absorb more water when 
compared to CNSP, thus apparently aiding in 
more water absorption properties of CNSP-ESP 
filled composites when compared to neat 
LLDPE and CNSP composites. 

 

 
 
Figure 7: Effect of exposure time on the percent weight gain of water absorption of the 
composites(P-value for both the CNSP and ESP were less than 0.05) 
 
Biodegradation 
The effect of filler loadings on the 
biodegradation of the CNSP and CNSP-ESP 
filled composites is represented in figure 8. It 
was observed that the rate of biodegradation 
increased as the amount of CNSP filler in the 
composite increased for both the ESP and non-
ESP composites. Similar trend was reported by 
Farahana,Supri& Teh,2015,1-9, and can be 
attributed to the fact that ESP sand CNSP are 
non-plastic materials and thus are readily 

biodegradable, hence its composites would show 
increased biodegradability with increased filler 
loadings. Generally, unlike the neat LLDPE, all 
the composites underwent a certain degree of 
biodegradation within the 100days period, with 
the rate of biodegradation increasing with 
increasing amount of CNSP filler and duration. 
The biodegradation was further increased with 
the incorporation of ESP filler. According to 
Muller,2015,366-388,certain fillers are more 
water absorbent and thus experience swelling 
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(due to water intake)when there are still in the 
intricate pores of the parent polymer. At the 
point when these fillers have achieved maximum 
water retention, they burst, thereby creating 
greater number of sites for biodegradability to 
occur. From the water absorption results in 
figure 6, the ESP filled composites absorbed 
more water when compared to non-ESP filled 
composites and neat LLDPE, thus the former 
composites have great propensity to create more 

sites for biodegradation which inadvertently 
aided its high rate of biodegradation. Similarly, 
30g-ESP composite has a higher rate of 
biodegradation when compared to the 30g-
CNSP composite. This is most likely because 
the ESP filler has high tendency to absorb more 
water than the CNSP filler, thus helps in creating 
more sites for biodegradation to take place. 
 

 
 
Figure 7: Effect of exposure time on the rate of biodegradation of the composites (P-value for both 
the CNSP and ESP were less than 0.05) 
 
CONCLUSION 
The study has shown that the mechanical 
properties generally showed a negative trend for 
both the ESP composites and non-ESP 
composites. However, the non-ESP composites 
have better mechanicalproperties when 
compared to ESP filled composites while the 
ESP-filled composites have better water 
absorption and biodegradation properties when 
compared to neat LLDPE and non-ESP filled 
composites. Futhermore, the mechanical 
properties of the (17:3)ESP-filled composite 
having similar ratio with the CNSP was higher 

than its CNSP-counterpart. All the composites 
had a better rate of biodegradation and water 
absorption when compared to the neat LLDPE, 
with the propensity of biodegradation and water 
absorption increasing with increasing filler 
content and duration. A two-way ANOVA with 
replication showed that P-value for both the 
CNSP and ESP were less than 0.05 (margin for 
error) which indicated the significant increase in 
their rates of biodegradation and water 
absorption.ESP and CNSP wastes have now 
proved to be a valuable contribution to the 
plastic industry. 
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Abstract 

Orange Peel fibers were treated by acetylationto increase its compatibility with the polymer 
matrix, and its reinforcement with polypropylene was developed via compression mouldingtechnique 
which waslater subjected to thermal characterization. Results obtained from the dynamic mechanical 
analysis showed an increase in the storage and loss modulus of the composites with weight fraction of 
orange peel fibers, with the chemically treated (acetylated) composites having higher storage and loss 
moduluscompared to the untreated composites.Lower damping peaks (Tan ∂) values were generally found 
at higher filler loadings implying an improvement in thermal stability and load bearing capacity of the 
composites. Results for the creep behaviour of the composites revealeda decrease in the creep strain of 
the composites with filler loading of the orange peel fibers and an increase in th e creep strain as the time 
was varied. The treated composites had lower creep strain than the untreated composites which 
confirmed the presence of the acetylation in improving the interfacial bonding between the fibers and the 
matrix. 
 
Keywords: Acetylation, Composites, Creep, Dynamic mechanical analysis, Orange peel, Polypropylene 
 
1. Introduction 

Agricultural wastes residues during 
harvest seasons in most African countries are 
enormous and often constitute environmental 
menace (Adeosun, et al., 2015). And as far as 
environment is concerned, researchers are 
focused on biodegradable and renewable natural 
fibers as the most promising material for 
economic growth (Bambach, 2017; Petrone and 
Meraune, 2017). Natural fibers have many 
advantages over synthetic fibers such as high 
biodegradability, non-abrasive nature, low 
energy consumption, low densities/cost and high 
specific mechanical properties(Rojoet al., 2015; 
Cordeiroet al., 2017).Hence, researchers have 
viewed that natural fibers can effectively be used 
as filler/reinforced material in varieties of 
thermoplastic and thermoset polymer 
composites for construction and automotive 

applications (Sabaet al., 2015;Asimet al., 2018; 
Supianet al., 2018).Several factors are likely to 
influence the properties of cellulosefiber-
reinforced composites, with the effect of the 
filler–matrix adhesion on the composite 
performance particularly significant. Variety of 
fiber modifications have been reviewedin 
literature for improvement on such 
adhesion(Kabiret al., 2012; Rojoet al., 2015), 
andmodification of the fibers by acetylation 
have been selected in this work as a result of 
having proven efficacy for treating cellulose 
fibers (Loong and Cree, 2018; 
Kusumaningrumet al., 2018; Latifet al., 2019).  

 
Dynamic mechanical analysis is an 

indispensable and effectivetool for determining 
the viscoelastic propertiesof polymer and 
composite materials related to 
primaryrelaxations (Saba et al., 2016). It is a 
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sensitive technique that characterizes the 
mechanical responses of materials by monitoring 
property changes with respect to the temperature 
and/or frequency of oscillation (Palanivelet al., 
2017). The technique separates the dynamic 
response of materials into two distinct parts: an 
elastic part (E’) and a viscous or damping 
component (E”). The elastic process describes 
the energy stored in the system while the viscous 
component describes the energy dissipated 
during the process (Shedbale and Muley, 2017). 
Creep behaviour is the permanent deformation 
that occurs when a material is under constant 
stress and is a function of time, temperature and 
material properties (Yanjun, 2009).  It is a 
critical factor in the long-term performance and 
reliability of materials such as polymer 
composites which are often exposed to various 
types of stress applications (Daveret al., 2016). 
A proper understanding, measurement and long-
term prediction of the creep resistance of natural 
fiber reinforced polymer composites are required 
in order to design a component for an adequate 
long term performance. 

 
Polypropylene (PP) is a thermoplastic 

polymer widely used as an engineering because 
it possesses several vital and useful properties 
such as transparency, dimensional stability, 
flame resistance, high heat distortion 
temperature and high impact strength (Khan et 
al., 2010). It is also very suitable for filling, 
reinforcing and blending. PP with fibrous natural 
polymers of biomass origin is one of the most 
promising routes to create natural–synthetic 
polymer composites (Motalebet al., 
2018).Orange remains one of the most 
economically important fruits in Nigeria and a 
preferred choice compared to other fruits due to 
its sweet taste and relatively cheap price. Its peel 
could be used for composite fabrication and 
hence potentially reducing the environmental 
hazard it causes to communities. Since the “eco-
green” initiative of environmental agencies 
worldwide has encouraged the use of wastes for 
wealth-convertible materials, orange peels are 
therefore a good option to utilize for composite 
fabrication (Ajibadeet al., 2015). 

 
Orange peels have been explored by a 

number of researchers in the fiber reinforced 

composites;therefore the aim of this study is to 
study the effect of acetylation on the viscoelastic 
and creep properties of the orange peel / 
polypropylene composite and also to vary its 
filler loading withthese properties. 
 
2.  Materials and Methods 
2.1.  Material Collection and Preparation 

Orange peel fibers were obtained from 
fruit sellers located within Zaria metropolis in 
SabonGari local government area of Kaduna 
state, Nigeria.The samples were thoroughly 
washed with distilled water to remove foreign 
materials and water-soluble components. The 
washed samples were initially air dried for 
12 hours and then oven-dried to a constant 
weight at 65 °C for 36 hours. After drying, the 
samples were cut, ground then sieved with 
laboratory sieves to obtain homogenous particle 
sizes using a mechanical sieve shaker which was 
used to separate the fibers into the desired 
particle size of 300 µm.To reduce the influence 
of the fiber extract on acetylation, the sieved 
materials were extracted with a mixture of 
acetone and n-hexane (4:1, v/v) as solvents for 5 
hours. The extraction was carried out to remove 
extractible components from the fibers. After 
extraction, the samples were dried in a 
laboratory oven for 16 hours (Nwadiogbuet al., 
2016). 
 
2.2. Treatment of the fibers by Acetylation  

The fibers were placed in a 250 mL 
conical flask containing 120 mL of acetic 
anhydride and 6 g (1% of the solvent) N-
bromosuccinimide (NBS). The flask was placed 
in a temperature-controlled water bath set at 70 
°C for 90 minutes, under atmospheric pressure 
after which it was removed from the water bath 
and the hot reagent decanted. The fibers were 
thoroughly washedwith ethanol and acetone to 
remove unreacted acetic anhydride and acetic 
acid by-product. The products were allowed to 
dry in an oven set at 60 °C for 16 hours, later 
cooled in a desiccator and stored in a plastic 
container prior to analysis (Onwuka et al., 
2016). 
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2.3. Preparation of the treated and 
untreated orange peel composites 

The polypropylene composites were 
prepared by melt mixing and compression 
moulding on a two roll mill and compression 
moulding machine respectively. The composite 
samples were produced by the addition of the 
polypropylene pellets while the rolls were in 
counter clockwise motion for a period of 10 
minutes at a temperature of 170℃. Upon 
achieving a paste like matrix; the filler material 
(raw / treated orange peel powder) was 
introduced by gently applying manually as the 
rolls rotated at a rate of 500 rpm (Chikeet al., 
2014). The percentage filler loading was varied 
at 0, 5, 15, 25 and 30 wt%for the DMA and 
Creep analysis.The compounded samples were 
cured on a hydraulic machine 12000 model with 
electrically heated platens. The temperature of 
the platens was set at 150℃ and when the 
temperature was attained, the moulds were 
preheated to attain the platen temperature. The 
material was then cut to take the shape of the 
mould and was placed in between the platens 
with a pressure of 4 MPa for 10 minutes, and 
finally the cured samples were removed from the 
mould after cooling (Jacob et al., 2018). 
 
2.4. Dynamic Mechanical Analysis  

DMA was carried out using DMA 242E 
machine according to ASTM (2015). Instrument 
set up included the sample holder (3-point 
bending), furnace temperature range of 26 - 120 
°C, dynamic load of 4 N, frequency of 10 Hz 
and heating rate of 6 K/min were configured. 
Sample dimension of 60 x 12 x 3 mm were 
produced for each test. The test specimens were 
loaded into the machine using a three-point 
bending and locked into the furnace. 
 
2.5. Creep Test 

Creep Test was also done on a DMA-
242 analyzer. Sample dimension of 75 x 13 x 3 
mm were produced for this test.The test 
specimens were loaded into the machine using a 
three- point bending and locked into the furnace. 
The samples were run for the displacement 
portions of the experiment with the strains being 
individual to each sample. The test was 
conducted for 60 minutes at a loading force of 2 
N at 80oC. 

3.  RESULTS AND DISCUSSION 
3.1. Storage modulus 

Results shown in Figure 3.1 below 
depicts the variation of the storage modulus (E') 
with temperature for the control (PP), untreated 
and treated composites. Storage modulus (E') 
represents the elastic portion of materials and is 
defined as the maximum amount of energy 
stored by a material during one cycle of 
oscillation (Gupta, 2017; Ranaet al., 2017). It 
also gives an estimate of temperature-dependent 
stiffness behaviour and load-bearing capacity of 
the polymer composites (Kehreret al., 2018).It 
was observed that the E' of the composites 
increased with higher filler loading of 
reinforcement, this is as a result of enhanced 
stiffness which could be attributed to the fact 
that when the fillers were incorporated as a rigid 
reinforcement, it was embedded in the holes of 
the PP making them more closely connected and 
thus improving the deformation resistance of the 
composites (Zhang et al., 2017; Jacob et al., 
2018).Highest values of storage modulus were 
obtained at 30% wt meaning the composite at 
that filler loading had better interfacial bonding 
compared to other composites while lower 
storage modulus at 5% wt and 15% wt may be 
attributed to the low stiffness which tends to 
reduce the viscoelasticity of the polypropylene 
matrix (Gupta, 2018). A decrease in the storage 
modulus was observed at elevated temperatures 
for all the composites, this could be attributed to 
the increase in the molecular mobility of the 
polymer chains leading to its loss in stiffness 
(Palanivelet al., 2017). 

 
The storage modulus ofthe treated fiber 

composites was higher than the untreated fiber 
composites. In case of the untreated fiber 
composites, the hydrophilic nature of orangepeel 
fibers showed poor wettability causing the 
formation of voids at the fiber/ polypropylene 
interfacewhich produced composites of lower 
stiffness and strength. Acetylation treatment 
improved the compatibility of the fillers with 
polypropylene matrix leading to better 
wettability which produced strong filler/matrix 
interface bonding (Al-Mahama and Al-Huniti, 
2019). The improved interaction and adhesion 
between the fillers and matrix led to better stress 
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transfer giving rise to a much stiffer composite with higher storage modulus. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Loss Modulus 

The result of the loss modulus of the 
pure polypropylene, treated and untreated 
orange peel polypropylene composites and their 
variations at 5%, 15%, 25% and 30 % filler 
loading is shown in Figure 3.2.  Loss modulus 
(E'') is defined as the maximum energy 
dissipated by composite materials during 
deformation. It characterizes mechanical losses 
and determines the amount of energy that was 
converted to heat during one deformation period. 
It represents the viscous response of the 
materials which depends upon motion of 
polymeric molecules in the composites 
(Jawaidet al., 2013). 

 
Results showed that the loss modulus 

generally increased with filler loading resulting 
in a higher efficiency in dissipation of external 
energy which showedan increase in the thermal 
stability with filler loading. The higher thermal 

stability could be associated with the decrease in 
mobility of matrix due to the incorporation of 
fillers and probably due to the change in 
physical state of the matrix by the addition of the 
fillers surrounding the matrix (Asimet al., 
2017).The effect of increasing filler loading 
creates a high internal friction at the filler/matrix 
interface that enhances the dissipation of 
energy.This trend depicts an increase in the 
thermal stability of the composite materials of 
higher filler loading compared to the pure 
polypropylene.There was a general drop in the 
loss modulus for all samples as the temperature 
was increased; this reflects an increase in the 
molecular motion of the polypropylene 
molecules leading to its disentanglement of the 
polymer chain. The drop was alsoas a result of 
the weakening effect of filler/matrix interface as 
the temperature increased which reduces the 
tight packaging of filler/matrix interface as well 

   A                                                        B 

 Figure 3.1:  Variation of the Storage Modulus with Temperature for (A) Untreated and (B) 

Treated Orange Peel Polypropylene Composites  
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as frictional resistance at the interface (Yang et 
al., 2016). 

 
Results also showed the variation of loss 

modulus (E’’) curve of the treated and untreated 
orange peel polypropylene composites at 
different filler loadings. The effect of chemical 

modification on loss modulus showed that the 
treated fibers composites had higher loss 
modulus (E’’) compared to the untreated fiber 
composites. This was as a result of decreased 
mobility of the matrix chains which indicated 
enhanced interfacial adhesion between the fibers 
achieved by the effect of the acetylation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Damping 

Damping or loss factor is a ratio of the 
loss to storage modulus, otherwise known as tan 
δ. The damping properties of the material give 
the balance between the elastic and viscous 
phases in a polymeric structure (Jacob et al., 
2018).A high value of damping is indicative of a 

material with high non-elastic strain behavior 
while low value of damping indicates that the 
material is more elastic. 

Figure 3.3showed the effect of filler 
loading on the damping factor as a function of 
temperature for treated and untreated orange 
peel polypropylene composites. Results showed 

A       B 

 

Figure 3.2: Variation of the Loss Modulus with Temperature for (A) Untreated and (B) 

Treated Orange Peel Polypropylene Composite 
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that the dampingvalue for both treated and 
untreated composites generally reduced with the 
increment of filler contents, this could be owed 
to the reduced energy-loss rate and limited 
degree of molecular displacement during 
heating, The increased stiffness of 
thecomposites could limit the degree of freedom 
of the polymer chain at an atomic level and 
increase the filler/matrix interfacial bonding 
resulting in the reduction in the damping factor 

since mobility of the molecular chains at the 
fiber/matrix interface decreases (Pawaret al., 
2015).Among the composites, the damping 
factor of 25%wt for the untreated OPC was the 
lowest, while for the treated OPC it was lowest 
at 30% wt. This could be due to better 
compatibility and reinforcing effect of the 
orange peel fibers in the polymer matrix. Lower 
value of damping shows the good load bearing 
capacity of the composites 

 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

3.4 Creep Studies 

The creep behaviour of the orange peel 
polypropylene composites was investigated in 
Figure 4. Results showed a decrease in the creep 
strain with an increase in filler loading. This 
could be as a result of higher stiffness of the 
composites which contributes in hindering the 
polymeric chain mobility by forging strong 

interfacial interactions with the polymer matrix 
(Kumar et al., 2017). Composites on 5% filler 
loading showed the highest creep strain, this 
could be due to the fact that the composite 
possessed much interfacial cracks and these 
cracks affect the creep behaviour which coalesce 
and propagate through the matrix on application 
of load, causing it to show higher creep strain 
compared to others (Dan and Dirk, 2018). 

A                                                      B 

 

Figure 3.3: Variation of the Damping factor with Temperature for (A) Untreated and (B) 

Treated Orange Peel Polypropylene Composites 
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Composites on 15% filler loading showed a 
lower creep strain compared to 5 wt% filler 
loading, this was probably due to better 
dispersion of the fillers which is directly related 
to the creep and recovery nresponses of 
polymers. Effective dispersion of the fillers can 
result in better interaction with the polymer 
matrix and cause restrained movement of 
polymer chain segments on application of load 
(Garcíaet al., 2010). Higher filler loadings of 
25% and 30% for both treated and untreated 
composites showed the lowest creep strain 
values. This may be attributed to effective 
dispersion of fillers, greater inhibition of 
slippage and better reorientation of polymer 
chain with increasing filler contents (Jabbaret 
al., 2016).  

 
With respect to time, there was an 

increase in the creep deformation as the time 

was varied, this is because with time more 
dislocations develop producing increasing 
interference with each other’s movement thus 
causing creep rate to increase. Also over time, 
the creep compliance at a particular temperature 
increases due to prolonged thermal energy 
which allows for rotational and translational 
motions of the polymer chains causing increased 
deformation and higher creep strain (Wang et 
al., 2014). The creep strain deformation for the 
treated composites were lower than the untreated 
ones, this can be ascribed to an improved filler-
matrix bonding which gives better constraints on 
the deformation of fillers caused by slippage 
effects (Shanmugam and Thiruchitrambalam, 
2013). The effect of acetylation tends to separate 
elementary fibers from their fiber bundles thus 
increasing the effective surface area for bonding 
with a matrix material and improving the filler 
dispersion within the matrix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.4: Variation of Creep Strain with Time for (A) Untreated and (B) Treated Orange Peel 
Composites 

 

A                                                              B 
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Conclusion 
The utilization of orange peel fiber in 

composite application is economic and 
ecofriendly. It was found that its incorporation 
into the polypropylene matriximproved the 
dynamic mechanicalproperties of 
composite,with better thermal 
propertiesobserved with the increase in fiber 
loading and chemical treatment by acetylation. 
Highest values of the storage and loss modulus 
were obtained at 30wt% for both treated and 
untreated fiber composite. Results also showed 
that the composites had better creep properties 
compared to the pure polypropylene and that the 
creep strainof the composites decreased with 
filler loading of the orange peel fibers. The 
highest creep strain was obtained at 5wt% while 
the lowest creep strain was at 30 wt%. A 
comparison of creep behaviour of the 
composites showed that the treated fiber 
composites had lower creep strain than the 
untreated fiber composites which confirmed the 
presence of the acetylation in improving the 
interfacial bonding.Results have thus showed 
that orange peelscould be used in fabrication of 
ecofriendly composite products for diversified 
applications andcould also be used as a 
substitute to synthetic fibers. 
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ABSTRACT 
Graft polymerization of methylmethacrylate (MMA) on to enzyme desized, scoured, bleached, and 
mercerized cellulosic cotton fabric was studied in 0.1M nitric acid using ceric ammonium nitrate 
(CAN) as an initiator. The investigation was carried out to study the possibility of grafting 
methylmethacrylate on to cellulosic cotton fabric at various stages of processing. Two sets of five 
different samples were used, four of them passed through the pretreatment stages of desizing (D), 
desizing and scouring (DS), desizing, scouring and bleaching (DSB), desizing, scouring, bleaching 
and mercerizing (DSBM) and one was kept as grey (G). The first  set of the samples including the grey 
were grafted with 3.5 ml of MMA and 0.05 M of CAN at 50 °C for 3 hrs. In the second set of samples 
the graft polymerization was carried out under varying concentrations of monomer, while keeping all 
other factors constant. The second set has all passed through the final stages of pretreatment 
(DSBM). The results of FTIR (Infrared spectroscopy), water absorption, dimensional stability, crease 
recovery properties, tearing strength indicated that there was improvement in the physical and 
chemical properties of the cellulosic cotton fabric as a result of the graft polymerization. Tearing 
strength and water absorption of the grafted sample showed considerable decrease. The dimensional 
stability and crease recovery characteristics of the cotton fabric were generally improved. 
 
Key words: cellulose, graft copolymerization, methylmethacrylate, pretreatments. 
 
 
1. INTRODUCTION 
Modification of polymers has received much 
attention recently. Graft co-polymerization 
is an attractive method through which a 

variety of functional groups can be 
introduced into the cellulosic polymer. This 
results in the modification of its physical and 
chemical properties (Haruna, 1998). 
Grafting allows the introduction of vinyl 
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monomers on to the cellulose backbone thus 
incorporating the properties of the added 
polymers while retaining the basic traits of 
the cellulosic material. It also allows the 
development of a material with a tailor made 
properties for a variety of applications 
(Amar et al., 2012). Cellulose is a renewable 
biodegradable product which can be 
modified through chemical reactions in a 
variety of ways to obtain novel 
characteristics (Kulicke et al., 1996). This is 
made possible through the creation of grafts 
(branches) of polymers on the cellulose 
backbone that imparts the desired properties 
without destroying its basic characteristics 
(Hebeish, 1981). 
 
Modification of cellulose through graft co-
polymerization has been conducted over the 
years using different methods. Typical of 
these methods include ionic and ring 
opening polymerizations, living radical and 
free radical polymerizations (Habibu, Sarih, 
& Mainal, 2018). Among these methods free 
radical polymerization received the greatest 
attention (Sebenik, 1998). In this technique 
free radicals are created through reaction 
with initiator on the cellulose backbone. The 
free radical thus formed can add to the 
monomer to create a covalent bond between 
the monomer and the cellulose. This reaction 
is then followed by propagation leading to 
the formation of macromolecules and 
subsequently termination. The process is 
usually carried out by a combination of two 
growing   radical chains (Athawale, 1999; 
Berlin, 1992). Graft polymerization of 
cellulose using vinyl monomers is one of the 
most extensively studied using a wide range 
of initiators such as KMnO4-HNO3 redox 
system, KMnO4/Citric acid redox system, 
and CAN initiation (Deo, 1999; Vijay, 2009; 
Khullar et al., 2008). Ceric ammonium 
nitrate (CAN) initiation technique was 
favored because of its simplicity, 
availability, and better yield. Modification of 
cellulose through graft co-polymerization 
has a bright future and their development is 
practically boundless. The use of ceric 
ammonium nitrate to initiate graft 

copolymerization of vinyl monomers on to 
various cellulosic materials such as cotton, 
jute, flax, rayon, wood pulp and paper has 
gained considerable attention. Ceric ion is a 
powerful oxidizing agent and possess high 
efficiency on both grafting and oxidation of 
cellulose (Neetu et al., 2011). In the 
presence of nitric acid, ceric ammonium 
nitrate (CAN) is an efficient initiator for 
graft polymerization of vinyl monomers on 
to cellulose. A number of scholars have 
worked on the prospects of graft co-
polymerization on natural cellulosic fibers 
applying advance techniques of 
characterization to evaluate their properties, 
(Kumar et al., 2005). A wide variety of 
monomers either hydrophobic or hydrophilic 
has been grafted on to cellulose (Zahran et 
al., 2003), but generally acrylic monomers 
are the most widely used. Few of the recent 
areas of applications of cellulose graft 
copolymers are wood plastic composites, 
dispersion stabilizers, and film development 
etc. (Gürdağ & Sarmad, 2013; Jiang, Pan, 
Zhang, & Fang, 2019; Kumar, Sharma, & 
Singh, 2018).  At this point, you need to 
state briefly, what the paper is reporting. 
 
2. EXPERIMENTAL  
All the chemicals used in this investigation 
were of laboratory grade. The cellulosic 
cotton fabric was procured from Kwari 
market in Kano Nigeria and was analyzed at 
the African Textile Manufacturers Limited; 
Challawa Industrial Estate, Kano, to have 
the following specifications: Fabric width 
51.1inches; picks/inch 68 and ends/inch 72: 
warp count 24.6 and weft count 28.1:  
weight/meter 168.79 g.  
 
2.1 Pretreatment of the cotton fabric 
The cotton fabric was thoroughly treated 
prior to the graft polymerization reaction. 
 

2.1.1 Desizing 
A 10gm of the sample was treated at 45 °C 
with 5 g/l of enzyme, 3 g/l common salt, and 
2 g/l wetting agent. The process involved 
soaking the fabric in the prepared solution 
for 3 mins. It was then removed folded and 
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wrapped in a polythene bag for 24 hrs. The 
fabric was removed, washed thoroughly with 
hot, warm, then cold water respectively and 
finally dried. 
 
  
2.1.2 Scouring 
The scouring was carried out on a 10 g 
sample of fabric using a programmable 
electrical thermostatic water bath with 
NaOH 4 g/l/, Na2CO3 2 g/l and liquor to 
material  ratio of 1:30. The temperature was 
raised to 90 °C and kept for 2hrs. The fabric 
was removed, washed thoroughly with hot, 
warm, then cold water respectively and 
finally dried (Kathirvelan et al., 2000). 
 
2.1.3 Bleaching   
The scoured fabric was treated for 60 
minutes in a solution containing 5g/l 
hydrogen peroxide, caustic soda 1g/l, 
sodium silicate 3g/l, and wetting agent 2g/l 
at 90 °C using a liquor ratio of 1:30 ( 
Nkeonye, 2009). The fabric was properly 
washed with hot, warm, then cold water 
respectively and finally dried. 
 
2.1.4 Mercerization 
In this process 10g sample was passed 
through a 27 % solution of caustic soda at 
room temperature for a period of 60 seconds. 
The fabric was  washed thoroughly with hot, 
warm, then cold water respectively and 
finally dried after neutralization with acetic 
acid (Remzi, 2010). 
 
2.2 Graft copolymerization  
The graft co-polymerization was conducted 
using the procedure adopted by Kazaure 
M.A., (1996) and Danbatta M.H. (1998). 
The ceric ammonium nitrate (CAN) solution 
was prepared by dissolving the required 
amount in 0.1 M nitric acid. The material 
was introduced into the 250 ml conical flask 
and kept in a thermostat water bath at a 
temperature of 50 °C for 15mins; the 
material to ceric solution ratio was 1:50. 
Samples of both grey and treated samples 
were placed inside the solution and after a 
period of 15mins the required amount of the 

monomer was added. The flask was covered 
with a stopper and the contents stirred at 
intervals during the polymerization period of 
3hrs. The samples were then removed, 
washed thoroughly in acetone, and the 
occluded homopolymer was removed using 
Soxhlet extraction in methanol for 24hrs . 
The co-polymer was then dried at 40 ᵒC 
under vacuum to constant weight. This 
procedure was repeated on the mercerized 
cotton fabric with varying concentrations of 
monomer. 
  
2.3 Analyses of the grafted cotton 
fabric 
2.3.1 Fourier Transform Infra-Red 
Spectroscopy (FTIR) 
 
The FTIR spectra of the grafted and 
ungrafted cellulose cotton fabrics were 
recorded on 8400-S Fourier Transform 
Infrared Spectrophotometer using KBr pellet 
technique in the range 4500 – 400 cm-1 with 
a resolution of 2 cm -1.  
 
2.3.2 Determination of dimensional 
stability 
The length of the samples was taken in both 
warp and weft direction before the test. The 
samples one after the other was immersed in 
boiling water each for 3 mins, they were 
then removed without squeezing and dried. 
The measurement was again taken in both 
warp and weft direction.  
 
2.3.3 Determination of crease recovery 
angle 
The test samples of 40 mm x 15 mm 
dimensions with ten samples cut in warp 
direction and ten in weft were conditioned 
for 24 hrs at 20 °C ± 2 °C and RH (Relative 
Humidity) of 65 % ± 2 %. Half the number 
of the test specimens in the warp direction 
were folded face to face and the other half 
back to back, same  applied for those in the 
weft direction. The crease recovery angle 
was measured across the length (warp 
direction) face to face and back to back and 
the angle was also measured along the width 
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(weft) of the fabric face to face and back to 
back according to (ISO/R 2313) standard.   
 
2.3.4 Determination of tear strength   
Five samples of 10.5 cm x 7.5 cm in both 
warp and weft directions were prepared. The 
machine has upper and lower jaws. A cut 
was made in the sample to form two tongues 
and lines were marked indicating the point 
where the tear should reach, one tongue was 
fixed to the upper jaw and the other to the 
lower. The machine was then put on to tear 
the fabric up to the reference point. The 
reading was taken for each of the five 
samples in both warp and weft directions. 
The average tearing strength was then 
recorded.  
 
3. RESULTS AND DISCUSSION  
3.1 Analyses of the pre-treated cotton 
fabric 
The size mixtures present on the cellulosic 
cotton fabric has been removed as a result of 
the desizing process carried out. This was 
further confirmed through testing with 

iodine solution. When a drop of iodine 
solution was placed on the desized cotton 
fabric a yellow color was observed 
indicating that the size had been degraded 
and removed. The impurities both natural 
and added present on cotton fabric prior to 
scouring had been removed. This is evident 
from the increased absorbency observed on 
the fabric. The natural coloring matter had 
been degraded and decolorized during the 
bleaching operation and removed in the 
subsequent washing treatment. Increased 
water absorbency, strength, and luster has 
been observed indicating proof of 
mercerization.      
 
After the copolymerization reaction (Scheme 
1), the graft percent yield was calculated 
using the relationship:  
 

 
 
And the result is presented in Table 1 and 2 
below: 

 

 
 

Scheme 1: Mechanism of graft copolymerization of MMA onto cellulose  
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Table 1: effect of pretreatments on the 
percentage yield of cotton cellulose grafted-
co-MMA. 

Sampl
e 

MMA(ml) 
Graft % 

Yield 

G „‟ 8.26 

D „‟ 9.46 

DS „‟ 11.17 

DSB „‟ 13.33 

DSBM „‟ 14.34 

 
Table 2: Effect of Monomer Concentration 

on the yield cotton cellulose grafted-co-
MMA. 

Sample 
MMA(ml) 

Graft % 
Yield 

DSBM 0.0 0.00 

DSBM 1.0 9.06 

DSBM 2.5 12.11 

DSBM 3.5 14.34 

DSBM 4.0 15.52 

DSBM 5.0 13.93 

 
From Table 2, the grafting reaction was 
studied under varying concentrations of 
monomer keeping all other factors constant. 
The mercerized (DSBM) sample was used as 
such the natural and added impurities which 
might affect the grafting process have been 
removed. The graft percent yield increased 
up to a monomer concentration of 4.0 ml. In 
addition to the pretreatment this may be 
attributed to the generation of more 
monomer radicals to react on to the reactive 
sites on the cellulose backbone. After 
reaching the optimum value, the percent 
graft yields decreased and this may not be 
unconnected with the predominance of 
homopolymer over graft polymerization, 
(Kumar et al., 2005). The highest graft 
percent yield was obtained on the DSBM 
samples. This happened as a result of the 
mercerization and removal of all the 
impurities present on the cotton fabric prior 
to the grafting reaction. The graft percent 
yield increased with increasing accessibility 
due to greater availability of physically 

absorbed monomer on the more accessible 
sites on the substrate, (Hebeish, 1981). It is 
therefore evident that the graft percent yield 
obtained on grafting (MMA) on to 
mercerized cotton fabric is higher. 
 

3.2 Water absorbency 
The water absorbency test result is presented 
in Table 3 below. It was observed that there 
is a considerable decrease in water 
absorption of the methyl methacrylate 
grafted cotton fabric. 
 
Table 3: Effect of Pretreatments on Water 
Absorbency of Cotton cellulose grafted-co-
MMA. 

Sample Water Absorbency  
(s) 

Control 3.5 ml MMA 

G 20 x 60 22 .11 x 60 

D 10 x 60 23.09 x 60 

DS 5 x 60 22.67 x 60 

DSB 12 24.31 x 60 

DSB
M 

06 29.81 x 60 

 
It can be observed from the above table that 
the more the number of pretreatments on the 
fabric, the higher the water absorption; The 
best result of 6 seconds; was obtained with 
the DSBM samples, which is attributed  to 
the mercerization and efficient removal of 
impurities present on the fabric prior to 
grafting. Before grafting, a wetting time of 6 
seconds was recorded, but after grafting with 
methylmethacrylate, a wetting time of 29.81 
minutes was observed with the mercerized 
(DSBM) sample. This clearly indicates that 
the absorption of water by 
methylmethacrylate grafted samples had 
greatly decreased. 
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Table 4: Effect of Monomer concentration 
on Water Absorbency of Mercerized Cotton 

cellulose grafted-co-  MMA. 
Monomer  

Concentratio
n 

Water 
Absorbency (secs) 

DSBM 1.0 22 .60 x 60 

DSBM 2.5 22.60 x 60 

DSBM 3.5 29.81 x 60 

DSBM 4.0 32.07 x 60 

DSBM 5.0 26.60 x 60 

 
Further decrease of water absorption was 
also recorded with DSBM of the varying 
concentrations of monomer grafted samples 

as can be seen from Table 4, above. The 
graft copolymerization carried out on the 
fabric has made it more hydrophobic 
resulting in decrease water absorption 
(Negishi et al., 1965). 
 
3.3 Results of the analyses carried out on 
the Unmodified  and grafted cotton 
fabrics 
 
3.3.1 FTIR Spectroscopy 
                            
The result for the FTIR spectra of the raw 
cellulose as well as the grafted  cellulose is 
presented in Figure 1 and Table 6. 

 

 
 

Figure 1: FTIR spectrum of cellulosic cotton fabric and cellulosic cotton fabric 
 

Table 65: FTIR Absorption Frequencies (cm-1) of Cellulosic Cotton Fabric (Control) and  
Cellulosic Cotton Fabric – g -co-MMA 

Control Sample Grafted Sample 
Assignment Functional 

Group 
Assignment 

Functional Group 

3500-3200 O-H (H-bonded) 3500-3200 OH(H-bonded) 

- C-H(Stretch) 2899 CH(Stretch) 

-  1703 C=O(Esther) 

-  1709 C=O(Esther) 

-  1708 C=O(Esther) 

-  1708 C=O(Esther) 
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Control Sample Grafted Sample 

Assignment Functional 
Group 

Assignment 
Functional Group 

-  1430 C-CH3(Bending) 

1315 CH2(rocking) 1130 CH2(Bending) 

 
 
From the results it can be seen that both 
control and grafted cellulosic cotton fabrics 
have a common –OH stretching vibration in 
the region 3500-3200 cm-1 corresponding to 
hydrogen bonded substances and 2890-2899 
cm-1  of C-H stretch. This is regardless of the 
stage of pretreatment at which the cotton 
fabric was grafted. This clearly suggests that 
not all the OH groups of the cellulosic cotton 
fabric have been replaced by 
methylmethacrylate groups. However, in the 
case of methylmethacrylate grafted cotton 
fabric an additional peak appears at 1703.2, 
1709.95 cm-1, 1708.02 and 1708.99 cm-1 

which is peculiar to the Carbonyl group 
(>C=O) of ester stretching. This suggests 

that MMA has been grafted on to the 
cellulosic cotton fabric through covalent 
linkages. Other peaks at 1430.26 (O-CH3 
bending of MMA), 1329.96 (C-CH3) and 
1132.25 - (CH2) bending of MMA support 
this assumption (Kazaure et al., 1999).  
 
3.3.2 Dimensional Stability     
After drying, the samples were measured 
again and the length in both warp and weft 
directions remained unchanged. The test was 
conducted for both the control and the 
grafted samples and the results are presented 
in the Table 7 below: 
 

 
Table 7: Effect of pretreatment on the 
dimensional stability of Cotton cellulose 
grafted-co-MMA. 

Sample Dimensional Stability 
 Control 3.5 ml MMA 
 Warp Weft Warp Weft 

G 4.30 9.80 0.00 0.00 

D 6.10 11.40 0.00 0.00 

DS 7.20 17.80 0.00 0.00 

DSB 10.00 21.60 0.00 0.00 

DSB
M 

11.80 27.10 
0.00 

0.00 

 
Table 8: Effect of Monomer concentration 
on Dimensional Stability of Mercerized 
Cotton cellulose grafted-co-MMA. 

Concentratio
n 

Shrinkage (%) 

 Warp Weft 

1.00 0.92 1.76 

1.00 0.16 1.02 

1.00 0.00 0.00 

1.00 0.00 0.00 

1.00 0.00 0.00 

 

 
It can be observed from tables 7 and 8 that 

the methyl methacrylate-grafted cotton fabric 
has a satisfactory dimensional stability. 

 
3.3.3 Tearing Strength 
 
This is the force required to tear the 

fabric. It is the average force required to 
continue a tear previously initiated in a fabric 
by twice the length of tear. Graft co-
polymerization of methyl methacrylate 
produced a marked increase in some 
desirable properties such as dimensional 
stability, crease recovery, and thermal 
stability of the grafted cellulosic cotton 
fabric, (Hebeish and Guthrie, 1981). 
However certain undesirable effects such as 
reduction in tearing strength are also 
observed. The grafted fabric samples were 
arranged according to the sequence of 
processing; desized (D), desized and scoured 
(DS), desized, scoured and bleached (DSB), 
desized, scoured, bleached and mercerized 
(DSBM), the result is presented in the Table 
9. 
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Table 9: Effect of pretreatment on the Tear 
Strength of Cotton cellulose grafted-co-
MMA. 

Sample Tear Strength (kg) 
 Control 3.5 ml MMA 
 Warp Weft Warp Weft 

G 16.21 134.4 111.8 87.2 

D 154.2 126.1 125.2 80.8 

DS 155.9 125.7 97.6 71.2 

DSB 149.2 125.7 97.6 71.2 

DSB
M 

157.7 125.7 
118.7 

93.6 

 
It could be observed from Table 9 that the 
tearing strength remained fairly stable prior 
to grafting, but after grafting a considerable 
reduction in the tearing strength was 
recorded. The tearing strength of the control 
samples seemed to be good and this might 
be connected with the mercerizing and 
efficient removal of size mixtures from the 
fabric following enzyme desizing. It can also 
be observed that the grafted samples show a 
considerable reduction in tearing strength 
when compared to control samples. This was 
due to the increase in stiffness of the fabric 
as a result of grafting with MMA (Masazo, 
1964).  
 
 
 
 
 
 
 

Table 10: Effect of Monomer concentration 
on the Tear Strength of Mercerized Cotton 
cellulose grafted-co-MMA. 
Concentr
ation (ml) 

Tear Strength (kg) 

 Warp Weft 

0.00 157.7 125.8 

1.50 118.7 93.6 

2.50 126.4 74.4 

3.50 116.4 87.6 

4.00 101.2 64.6 

5.00 91.2 57.6 

 
From Table 10, it could be observed that the 
tearing strength of the grafted samples 
continued to decrease progressively reaching 
its lowest level. The tearing strength of the 
grafted samples decreased progressively as 
the monomer concentration was increased. 
The overall reduction in the strength of all 
the treated samples was believed to be as a 
result of the stiffening of the cloth following 
methylmethacrylate grafting. A similar 
decrease of the tearing strength of the 
grafted cellulosic fabric was reported by 
Hebeish and Guthrie, (1981).  
 

3.3.4 Crease recovery angle  
Crease recovery denotes that property of 

fabric to go back to its original shape or 
position after creasing. It is a measure of 
crease resistance specified in quantitative 
terms of crease recovery angle. If the angle is 
0° then recovery is zero and if the angle is 
180° recovery is full. The results are given in 
the following tables: 
 

Table 11: Wrinkle Recovery Angle (WRA), deg. of the Control Samples 
 Warp Weft Total WRA 

Sample Face to 
Face 

Back to Back Face to 
Face 

Back to Back Warp 
Weft 

G 6.40 5.20 7.20 6.80 11.6 14.0 

D 19.0 17.6 17.6 18.0 36.4 35.6 

DS 18.7 21.1 20.3 19.6 39.8 39.9 

DSB 19.4 19.0 19.8 19.2 38.4 38.6 

DSBM 19.1 20.0 22.4 21.5 39.1 42.4 
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Table 6: Wrinkle Recovery Angle (WRA), deg. of the Constant Concentration of Monomer 
Grafted Samples (3.5ml) 

 Warp Weft Total 
Sample Face to 

Face 
Back to 

Back 
Face to 
Face 

Back to 
Back 

Warp 
Weft 

G 22.8 22.6 23.2 22.6 45.4 45.8 

D 24.2 22.2 22.4 24.2 46.4 46.6 

DS 24.6 23.2 23.0 23.0 47.8 46.0 

DSB 24.1 24.0 23.8 23.3 41.1 47.1 

DSBM 26.0 25.6 23.8 23.8 51.6 47.6 

 
Table 13: Wrinkle Recovery Angle (WRA), deg. of the Varying Concentrations of Monomer 

Grafted samples 
 Warp Weft Total 

Monomer 
Concentration 

Face to 
Face 

Back to 
Back 

Face to 
Face 

Back to 
Back 

Warp 
Weft 

1.0 21.2 19.0 21.6 17.4 43.8 39.0 

2.5 25.0 24.8 24.9 19.8 49.8 44.7 

3.5 20.8 28.8 23.2 20.6 49.6 43.8 

4.0 25.0 25.6 26.2 23.8 50.6 50.0 

5.0 20.8 19.0 23.2 17.4 43.8 39.0 

 
 

 
 

It can be seen from the control (Table 11) 
that the crease recovery angle was low 
compared to that of the grafted samples. It 
was observed that the crease recovery angles 
increased with the increase in the number of 
pretreatments reaching its optimum value on 
the mercerized (DSBM) cotton fabric as can 
be seen on Table 12. The second set of 
samples in their final stages of pretreatment 
were grafted using varying concentrations of 
monomer (1 ml, 2.5 ml, 3.5 ml, 4.0mls and 
5.0 ml) keeping all other factors constant 
(Table 13). The crease recovery angle 
(WRA) was fairly good for all the samples 
reaching maximum at monomer 
concentration of 4.0 ml. The pretreatments 
given to the fabric have effectively removed 
all the natural and added impurities from the 
fabric which might otherwise interfere with 
the grafting process.  
 

4. CONCLUSIONS 
Modification of the cellulosic cotton fabric 
through graft copolymerization allows the 
elimination of several drawbacks associated 

with cotton fabrics, and brings about 
improvement in comfort, ease of 
maintenance, dimensional stability, crease 
recovery, and water repellency.  The present 
study was carried out with these aims in 
mind and the results of experimental 
analyses proved that the objectives had been 
achieved. In addition, we were able to prove 
that graft co-polymerization of 
methylmethacrylate using ceric ammonium 
nitrate as initiator can be conducted on 
cellulosic cotton fabric at various stages of 
pretreatments. At one stage varying amount 
of concentrations of the methylmethacrylate 
was grafted on to the fabric. Infrared 
spectroscopy (FTIR) was conducted to 
further establish the proof of grafting. 
Methylmethacylate (MMA) was grafted on 
to cellulosic cotton fabric at various stages 
of pretreatments. The optimum grafting 
conditions were obtained by studying the 
effect of pretreatments and varying 
concentrations of MMA. The effect of these 
factors was investigated by calculating the 
graft percent yield. The highest percent yield 
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of 14.34% was achieved at MMA 
concentration of 4.0mls on the fabric at its 
final stage of pretreatment. The result of the 
study of wrinkle recovery properties, water 
absorption, dimensional stability, and tearing 
strength of the grafted samples confirms the 
grafting of MMA on to the cellulosic cotton 
fabric. The characterization of the grafted 
cotton fabric was also confirmed using FTIR 
Spectroscopy. 
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