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SYNTHESIS OF CELLULOSE (MAIZECOB)-GRAFT-POLY(ACRYLAMIDE) 
COPOLYMER FOR THE AD SORPTION OF INDIGO BLUE

S. M. Gumel, S.A. Isah* and M. Ladan 
 

Department of Pure and Industrial Chemistry, Bayero University Kano, Nigeria  
*Corresponding author: safiyaabubakarisah@gmail.com 

 
ABSTRACT 
In this study, hydrogel was synthesized by graft copolymerization of acrylamide into a 
maize cob cellulose backbone using N’N-Methylene Bis Acrylamide (MBA) as crosslinker 
and potassium persulphate (KPS) as an initiator.  The hydrogel swelling properties in-terms 
of monomer concentration, cross-linker concentration and pH were investigated. The 
structure, thermal stability and surface morphology were characterized by FTIR, DSC and 
SEM, respectively. Phase evolution, before and after grafting, was investigated using X-ray 
Diffraction (XRD).Energy Dispersion Spectroscopy (EDS) was used to determine the 
elemental compositions of the raw maize cob, the bleached maize cob and the hydrogel 
before and after adsorption. The developed hydrogel showed good characteristics, the best 
result obtained was a percentage removal,74.46% of indigo blue at 40-minute contact time, 
450C temperature and 0.5g hydrogel dose.  The result obtained in this work shows that 
hydrogel has promising applications in adsorption of dye. 
 
Keywords: Cellulose, Maize cobs, Acrylamide, Hydrogel 
 
 
1. Introduction 
Maize cobs are by products of maize 
crops with high fiber content whose main 
chemical components contain abundant 
cellulose, hemicellulose and lignin (Ma et 
al., 2017). So far the utilization of waste 
maize cobs is not high, except for a 
limited comprehensive utilization as feed, 
fertilizer, industrial raw materials, fuel, 
and so forth (Xu et al., 2016). Maize cobs 
consist of about 40% cellulose contents 
which belongs to a linear and extended 
polysaccharide that stands out as one of 
the most significant natural polymers 
(Winarti et al., 2018; Morgan et al., 
2012).Cellulose is a major constituent of 
plants and they are abundant in nature. 
Cellulose possesses a high crystallinity 
due to the numerous intra- and inter-
molecular hydrogen bonds among its 
chains, restricting its solubility in water 

and most common organic solvents, 
thereby hampering many potential 
applications (Kang et al., 2016; Suhas et 
al., 2016; Mondal and Harque, 2019). 
Cellulose possesses certain advantages 
such as; non-toxic, biodegradability, 
biocompatibility and availability. 
Cellulose and its derivatives are excellent 
building blocks for fabrication of gels. 
Chemical and/or physical crosslinking 
can be introduced during the preparation 
of cellulose-based gels (Suhas et al., 
2016). In the fabrication of cellulose-
based gels, cellulose graft copolymers are 
major building block and they find wide 
application in different fields depending 
on the properties required (Song et al., 
2019; Mondal and Harque, 2019). 
Cellulose based hydrogels are normally 
utilized as adsorbents because of their 
ease of fabrication, low cost material 
requirements, ability to uphold water for 
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an extended time period and high 
efficiency (Karadag et al, 2015; 
Muhammad et al, 2016; Zhong et al.; 
2019).  
 
Some works have been done within this 
realm with focus on preparation of 
hydrogels based on cellulose, lignin, 
melanin and petroleum based polymers 
such as poly acrylic acid (PAA) and poly 
acryl amide (PAAM). Dai et al., (2019) 
reported on the enhanced adsorption 
performance of hydrogel based on 
pineapple peel carboxymethyl grafted 
with poly (acrylic acid-co-
acrylamide)/graphene oxide. The swelling 
dynamic mechanism of the hydrogel also 
agreed well with Fickian diffusion and 
Schott's pseudo-second-order models. 
Winarti et al., (2018), reported on the 
effect of different concentration of 
epichlorohydrin and cellulose on the 
characteristics of nanohydrogels. The 
cellulose was extracted from corncob 
based and was crosslinked with 
epichlorohydrin. The outcome of the 
study revealed that the concentration of 
the crosslinker, the higher the swelling 
ratio. Sami et al., (2017) reported on the 
removal of anionic dyes from wastewater 
using chitosan-starch based 
nanocomposite hydrogel. It was 
discovered from the study that the 
electrostatic and hydrophobic interaction 
between the starch and the chitosan 
provide better dye removal when 
compared to chitosan alone. Nurfadila et 
al., (2019), reported on the characteristics 
of nano-hydrogel by gamma irradiation. 
The hydrogel was synthesized using 
corncob and the result showed that 
hydrogel with gamma irradiation swells 
more than hydrogel without gamma 
irradiation.  
 

However, there is less report about 
wastewater treatment using maize cobs. 
In our study, we selected the maize cob as 
an ingredient with grafted acrylamide 
monomer to ascertain removal of indigo 
blue dye component from industrial 
effluent.  
 
The new material, a potential candidate as 
eco-friendly adsorbent, can rapidly 
remove indigo blue dye from industrial 
effluent of dyeing pits. What's more, the 
comprehensive utilization of waste maize 
cob was enriched. This action can not 
only prevent atmospheric contamination 
from abandoned maize cob, but water 
pollution deriving from organic dyes 
discharged into water as well. The effect 
of the dosage of absorbent, contact time, 
and temperature on the adsorption 
capacity of the hydrogel, using a batch 
adsorption technique was investigated. 
The physio-chemical parameters of the 
indigo dye effluent before and after 
adsorption were also investigated. 

 
2. Materials and Methods 
2.1. Materials and Reagents 
Acrylamide monomer (99% Xilong 
Chemicals),Potassium Persulphate (98%, 
Kermel), N’Nmethylenebisacrylamide 
(MBA) (97%, BDH Chemicals), Ethanol 
(98%, Qualikem) and Sodium Hydroxide 
(98%, LOBA). All other reagents were of 
analytical grade and used as obtained 
without further purification. 
 
2.2. Pretreatment of Maize Cob (MC) 
The maize was de-kernelled to obtain the 
cobs while the moisture content was 
determined using thermogravimetric 
method. The MC was sliced into smaller 
fragments and then sun dried for 35 days 
and the resulting fragments were then 
pulverized to obtain finer particles. The 
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resulting particles were then sieved with a 
300 ìm sieve size while the moisture 
content was also determined to ensure 
adequate dryness. As discussed in 
Ibrahim et al., (2010), delignification of 
the resulting powder was achieved using 
acid-alkali pulping methodology.  During 
the process, 100g of MC particles was 
weighed in a digital weighing balance and 
subjected to acid pulping using pulping 
conditions of 5% H2SO4, with a liquor to 
fiber ratio of 10:1. The solution were 
cooked in a pressure cooker for 2 hours at 
a temperature of 170oC. The pressure was 
released and the pulped resulting solution 
was washed with water to obtain a neutral 
solution, then the percentage recovery 
was determined. This process was 
followed with alkaline pulping using 10% 
sodium hydroxide (NaOH) and a liquor to 
fiber ratio of 10:1. The solutions were 
also cooked in a pressure cooker at a 
temperature of 170oC for 2 h and after 
then, the pressure was released and the 
solution was washed with water till 
neutrality and then dried. The resulting 
cellulose fibers were bleached with 
hydrogen peroxide of 10:1 liquor to fiber 
ratio for 1 hour 30 minutes in a water bath 
at 80oC. To achieve total bleaching of the 
fiber, the fiber was re-bleached for 1 hour 
with hydrogen peroxide of 10:1 liquor to 
fiber ratio, it was then washed till 
neutrality and air dried in accordance 
with a report (Abdul Razak et al., 2014). 
 
2.3. Preparation of Cellulose (MC)-g-

Poly (AAm) Hydrogels 
The synthesis of cellulose (MC)-g-poly 
(AAm) hydrogels involved a free radical 
graft copolymerization of maize cob with 
acrylamide in the presence of the initiator 
(K2S2O8) and MBA as crosslinker. In the 
process, 0.5 g of maize cob pulp was 
added to a 15 ml of distilled water in a 

three necked flask fitted with magnetic 
stirrer, a reflux condenser and a nitrogen 
line at 40oC for bubbling oxygen free 
nitrogen for 10 min before starting the 
reaction. Thereafter, 0.6 g of acrylamide 
was dissolves in 7 ml of distilled water 
and added to the initial pulp mixture. The 
whole mixture was stirred for 10 minutes 
under the nitrogen gas atmosphere. 0.1 g 
of K2S2O8 and 0.1g MBA were added 
into the mixture, the reaction was then 
allowed to proceed for 2 hours between 
60 to 70oC to form a gel. The hydrogel 
produced was poured into a beaker, wash 
with ethanol and distilled water so as to 
remove the unreacted monomer and 
impurities while the resulting mixtures 
was oven dried. The monomer 
concentration was varied between 0.6 and 
1.4 with constant concentration of 0.1g 
MBA. This was to enable determine the 
effect of monomer concentration on the 
swelling property of hydrogels. Using the 
monomer concentration which give the 
best swelling property, effect of 
crosslinker concentration was studied.  
 
2.4. Characterizations 
2.4.1 XRD (X-Ray Diffraction) Analysis 
A Panalytical Emperean X-Ray 
diffractometer with a Cu-Ka radiation 
source (ë = 0.15418nm) with a 
continuous sweep in the direction of 
angle 2è and range 3o to 50o was 
employed in determining the crystalline 
phase of the raw maize cob, the maize 
cob cellulose and the cellulose (maize 
cob)-g-polyacrylamide hydrogel. 
 
2.4.2Fourier Transform Infrared 
Spectroscopy (FTIR) 
Fourier Transform Infrared (FTIR) 
spectrometer (Cary 630 Agilent, United 
States) at a resolution of 8 cm-1 and a 
wavelength range of 650 to 400 cm-1 was 
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used in recording the FTIR spectra of the 
samples. 
 
2.4.3 Scanning Electron Microscope 
(SEM) 
The morphology of the synthesized 
hydrogel, the raw maize cob and the 
bleached maize cob were recorded using 
Scanning Electron Microscope (SEM) 
Phenom ProX model.  
2.4.4 Differential Scanning Calorimetry 
(DSC)  
Differential Scanning Calorimetry (DSC) 
was carried out using POLYMER DSC 
180 System-Mettler Toledo. In this test, 
the samples were placed on an aluminium 
crucible pressed and sealed followed by 
heating and cooling while the wide 
temperature scan in heat and cool cycles 
generated up to 120 thermocouples 
arranged in several layers. 
 
2.5. Evaluation of Swelling Ratio, Yield 

and pH Response of the Hydrogel 
The swelling response test was carried 
out as detailed in Dai et al., (2019). The 
hydrogel was wholly immersed in 
distilled water at room temperature and 
left for 24 hours. The hydrogel was 
observed to ensure swell has occurred and 
then weighed immediately after removal 
of the excess water.  
 
Eq. 1 was then applied to determine the 
swelling ratio.
swelling ration = w  - w (1)  
     
Where Wt (g) depicts the weight of 
swollen hydrogels at time t (min), and Wd 
(g) represents the weight of dried 
hydrogels. Yield measurement was done 
using Eq. 2 
Yield = wd/w x 100%  (2) 

W is the total weight of the cellulose, 
monomer, initiator and crosslinker 

(Huang et al., 2019). Buffer solution at 
pH of 2, 4, 6, 8, 10 and 12 was also used 
to determine water absorbency of the 
hydrogels 
 
2.6. Adsorption Studies 
2.6.1 Collection of Dye Effluent and 
Physio-chemical Parameters 
Measurements 
Dye effluents were collected from Kofar 
mata dyeing pits in Kano state in Nigeria. 
The dye liquor was then taken to the 
Central Laboratory Complex at Bayero 
University Kano in Nigeria for physio- 
chemical analysis. The analysis includes 
pH, Total Dissolved Solid (TDS), 
Dissolved Oxygen (DO), and 
conductivity using Jenway3320 pH 
meter, LT -15 labtronics auto digital TDS 
meter and DOH-SDI Omega DO meter 
respectively. The aim of the physio -
chemical analysis was to ensure the dye 
effluent meets the recommended standard 
stipulated by the World Health 
Organization (WHO). 
 
Since the hydrogel was to be tested for 
the remediation of indigo blue dye in the 
collected effluent and the concentration of 
indigo blue in the effluent is not known 
yet. The collected effluent was first 
scanned using PerkinElmer UV/Vis 
Spectrum Lambda 35 machine to 
ascertain the maximum wavelength and 
absorbance of the indigo blue present in 
the dye solution. In order to ascertain the 
concentration of the indigo blue present 
in the effluent solution, 1000ppm 
standard solution of indigo blue was 
prepared, lower concentration of 5ppm, 
10ppm,15ppm, 20ppm, 25ppm, and 
higher concentration 20ppm 40ppm, 
60ppm,80ppm and 100ppm using serial 
dilution method. Using the wavelength 
and absorbance of the indigo present in 
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the dye effluent as a reference, the 
prepared standard indigo solutions were 
then scanned in the PerkinElmer UV/Vis 
Spectrum Lambda 35 and calibration 
curves were plotted by the machine 
software. From the calibration curve of 
the synthetic indigo blue serial solutions, 
the concentration of the indigo blue 
present in the effluent was calculated 
from the slope of the serial curve using 
Eq. (3) 
     
  
y = mx+c         (3)

 
Where c = 0, y = Absorbance, m = slope 
and x = the unknown concentration of the 
indigo present in the effluent. 
 
2.6.2 Effect of Hydrogel Dosages on 
Removal Percentage of Indigo Blue 
After ascertaining the initial 
concentration of the indigo blue present 
in the effluent, the effect of different 
quantities of the hydrogel on the 
adsorption of the effluent were 
determined. This was achieved by adding 
0.1g to 0.5g of the hydrogel separately to 
30 ml of the effluent in different beakers 
at a temperature 45 oC for 45 minutes at a 
constant speed of 200rpm till equilibrium 
was attained. The remaining 
concentration of dye in solution was 
obtained using Perkin UV/Vis Spectrum.  
The removal percentage (R%) of the 
prepared hydrogels was calculated based 
on the changes of the dye concentration 
before and after adsorption, according to 
Eq. (4). 
Removal % =  Co-Ce   X 100%

Co
   (4) 

 
where C0 (mg/L) and Ce (mg/L) are the 
concentrations of dye solutions at the 
initial time and equilibrium respectively 
(Dongzhuo et al., 2017) 

2.6.3 Effect of Contact Time on Removal 
Percentage of Indigo Blue 
The effect of contact time on the on the 
adsorption of the blue indigo dye at a 
temperature of 303 K, 0.1g fixed 
hydrogel and at a mixing speed of 200 
rpm was studied at different time 
intervals of 40, 60, 80, 100 and 120 
minutes using 30 ml of dye solution.  
 
2.6.2 Effect of Temperature on Removal 
Percentage of Indigo Blue 
The effect of temperature was also 
studied so as to help ascertain the 
efficiency of the adsorbent at different 
temperature levels. This was achieved by 
adding 0.1 g fixed quantity of dried 
hydrogel to a 30 ml of dye solution at a 
contact time of 40 min, a speed of 200 
rpm and system temperatures of 30oC, 
35oC, 45 oC, 55 oC and 60 oC.  
 
3. Results and Discussion 
3.1.Pretreatment of Maize Cob 
Acid-alkaline pulping treatment was 
applied as a chemical pulping method for 
the maize cob. The acid treatment was to 
solubilize the hemicellulose and lignin 
while the alkaline treatment was to ensure 
delignification (Wang et al., 2017). Color 
changes was observed during the pulping 
and this could be as a result of the 
removal of cell wall component and 
lignin removal (Ibrahim et al., 2010).The 
percentage recovery of the acid pulp and 
alkaline pulp fiber were 57.7% and 
48.5%, respectively.  Similar percentage 
recovery had been reported by Ibrahim et 
al., (2010) which were 41.3%, 52. 5% 
and 43.6%, 48.5% for acid pulp and 
alkaline pulp of Rice and banana fibers 
respectively. Further bleaching was 
applied to remove residual lignin that 
might affect crosslinking during grafting. 
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Percentage recovery of the bleached 
cellulose was determined to be 56.7%. 
3.2.Chemical compositions of synthesized 
hydrogel 

Table 1 and 2 show the chemical 
compositions of the synthesized hydrogel. 

 
Table 1: Monomer concentration in synthesized hydrogels with constant concentration of 
MBA (0.2)   
Hydrogels Cellulose(g) AAm(g) KPS(g) MBA(g) 
P1 
P2 
P3 
P4 
P5 

0.5 
0.5 
0.5 
0.5 
0.5 

0.6 
0.8 
1 

1.2 
1.4 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 

 
Table 2: MBA concentration in synthesized hydrogels with constant monomer 
concentration (1.4g). 
Hydrogels Cellulose(g) AAm(g) KPS(g) MBA(g) 
P6 
P7 
P8 
P9 
P10 

0.5 
0.5 
0.5 
0.5 
0.5 

1.4 
1.4 
1.4 
1.4 
1.4 

0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.2 
0.3 
0.4 
0.5 

     
 
3.3.Characterizations 
3.3.1 FTIR Analysis 
Fig. 1 (a and b) depicts the FT-IR of the 
raw and bleached maize cob which has 
similar adsorption band peaks which is in 
accordance with the theoretical values of 
Kim et al., (2019) and Ibrahim and El-
Zawawy (2013). It can be seen that the 
peak at 1722 cm-1 in fig 1a, which is 
assigned mainly to C=O stretching 
vibration of the carbonyl and acetyl 
groups in the xylan component of 
hemicellulose and also typical for 
structural features of lignin disappeared 
after bleaching with hydrogen peroxide in 
fig 1b. Further absorption band of lignin 
at 1514 cm-1(aromatic ring stretch) 

disappeared in the bleached fiber as well. 
Moreover, the band near 1242 cm-1 
corresponding to axial asymmetric strain 
of =C–O–C disappears in the bleached 
fiber, it is assigned to =C–O- resulting 
from ether-, ester-, and phenolic groups 
(Ibrahim and El-Zawawy; 2013). This 
disappearance is attributed with complete 
removal of lignin and hemicellulose by 
chemical treatment. The slight difference 
in the cellulose characteristics peaks of 
the raw maize cob and bleached cellulose 
can be associated with the total bleaching 
achieved leading to shifts in some of the 
characteristics peaks with intense 
transmittance of the bleached peaks (Kim 
et al.; 2019).  
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Fig. 1a. FTIR spectra of raw maize cob cellulose. 

 

 
Figure 1b. FTIR spectra of bleached maize cob cellulose. 

 
From the FT-IR spectral in figure 1c, 
Cellulose(MC)-g-AAm hydrogel shows 
the basic functional groups of acrylamide 
of – NH2 stretch peak and – NH2 bending 
vibration at 3328 cm-1 and 1603 cm-1, 
respectively. Cellulose functional and 
characteristics groups in Fig. 1c as 
compared to Fig 1b have slight shift in 
their peaks which might be associated 
with the presence of AAm (Kim et al., 
2019). The absorption band observed at 
1048 cm-1 in Fig 1c was attributed to the 

stretching vibration of C-O-C which 
indicate that the graft polymerization of 
acrylamide on the cellulose backbone was 
successful.  This result indicate that 
cellulose was well interacted with AAm 
through the formation of intermolecular 
bonds between the acrylamide and 
hydroxyl group of cellulose. The C=O 
and N-H stretching at 1652 cm-1 and 1108 
cm-1, respectively is attributed to the cross 
linker present during the polymerization 
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which cross-linked the two growing cellulose chains. 
 

 
Fig. 1c. FTIR Spectrum of Cellulose-g-(AAm) Hydrogel 

 
3.3.2 XRD Analysis 
Fig. 2a, 2b and 2c represent the X-ray 
power diffraction of the raw maize cob, 
the bleached maize cobs and the final 

hydrogel. As shown in fig. 2a, the raw 
maize cob displayed a broad amorphous 
peak and two well defined peaks at 2è = 
34.80 and 2è = 57.60 

 

 
Figure 2a. XRD patterns of raw maize cob 

From fig. 2b represent the bleached maize 
cob cellulose XRD pattern which displays 
three well-defined crystalline diffraction 
peaks at 2è = 22.8°, 26.7°, 34.6° 

respectively which is in accordance with 
the pattern of CNC as investigated by 
Kim et al., (2019) displaying four well-
defined crystalline diffraction peaks at 2è 
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= 14.6°, 16.2°, 22.58°, and 34.4° 
respectively. The observed peaks showed 
the cellulose isolated from other fiber 
source while the broader patterns 
observed in the raw maize cob cellulose 
depicts the presence of non-crystalline 

hemicellulose and lignin as also reported 
by (Shogren et al., 2011, Abe & Yano, 
2010). The result also showed that some 
portion of the hemicellulose and lignin 
were separated from the maize cob after 
bleaching. 

 

 
Figure 2b. XRD patterns of bleached raw maize cob 

 
Fig. 2c shows the XRD patterns of the 
cellulose(MC)-g-PAAm hydrogel. It can 
be seen that the initial crystalline 
properties were almost lost such that the 
only noticeable peak was at 2è = 22.70. 

The observed change maybe as a result of 
the successful grafting of the 
polyacrylamide into the cellulose 
backbone giving the final hydrogel an 
amorphous structure (Dong et al., 2018). 

 

Figure 2c. XRD patterns of the cellulose(MC)-g-PAAm hydrogel 
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Figure 3c. SEM image hydrogel before 
adsorption

 
 

3.3.3 SEM analysis 
The SEM images of the raw maize cob 
cellulose, the bleached maize cob 
cellulose and cellulose(MC)-g-PAAm 
hydrogel before adsorption are shown in 
fig. 3a, fig. 3b and fig. 3c.  
 
From fig. 3a, at a magnification of 500 x, 
vascular bundles with visible fragmented 
cells structures can be seen in the 
cellulose of the raw maize cob indicating 
the presence of fibrous lignocellulose. 
This results depicts the typical 
microstructure of maize cob cellulose 
(Anukam et al., 2017). The microscale 
pores and their aligned channels was also 
visible from fig. 3a. In fig. 3b, the cell 

wall of the bleached maize cob appears 
more uniform compared to that of the raw 
maize cob. The SEM micrograph of the 
bleached maize cob cellulose also shows 
a reduction in the lignocellulose fibers 
that exhibit irregular shapes and sizes. 
Colour changes was also observed after 
the bleaching action. From fig. 3c, the 
cellulose (MC)-g-PAAm before 
adsorption is characterized by larger pore 
sizes and smooth surfaces indicating that 
the cell lumens were successfully filled 
with the polymer (PAAm) and the cross 
linking was successful. This result is 
consistent with a report by Wu et al., 
(2018). 

 

 

Figure 3a. SEM image of raw maize cob 
cellulose

 
 

Figure 3b. SEM image of bleached maize
cob cellulose

Figure 3d. SEM image hydrogel after 
adsorption
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Fig. 3d represent the SEM micrograph of 
the hydrogel after adsorption. The surface 
morphology of the hydrogel before 
adsorption (fig. 3c) differs that of the 
hydrogel after adsorption in terms of pore 
size. The pore structures of the hydrogel 
before adsorption are characterized with 
large and smooth surfaces compared 
which becomes small and rough after 
adsorption. This signifies a successful 
absorption of the dye effluents solutions 
by the hydrogel.  
 
3.3.4 Energy Dispersive X-ray 
Spectroscopy (EDS) 
The EDS attached to the SEM was used 
for the elemental analysis of the raw 
maize cob, the bleached maize cob and 
the synthesized hydrogel. Fig. 4a, 4b and 
4c shows the EDS peaks of carbon, 
oxygen and other elements. Carbon and 
oxygen was present in all the patterns 

with different atomic concentration. The 
atomic concentration of carbon increased 
from 48.09 (fig. 4a) for the raw maize cob 
cellulose to 67.25 (fig. 4b) of the 
bleached maize cob cellulose which 
indicates treatment has taken place. It can 
also be seen from the EDS spectrum of 
the bleached maize cob that potassium, 
nitrogen and oxygen with respective 
atomic concentration of 11.03, 0.87 and 
1.87 respectively (fig. 4b) increased to 
16.58, 2.01 and 3.81 (fig 4c) of the 
hydrogel. This can be attributed to the 
presence of KPS, PAAm and MBA in the 
final hydrogel. The atomic concentration 
of the C also reduced from 67.25 (fig. 4b) 
to 54.87 (fig. 4c) indicating successful 
grafting on the cellulose backbone (Lu et 
al., 2020). 
 
 
 

 

 
Figure 4a. EDS image of raw maize cob 
cellulose     

 
Figure 4b. EDS image of bleached maize cob 
 cellulose 

  
Figure 4c. EDS hydrogel before adsorption     

   

 
Figure 4d. EDS image of hydrogel after  
Adsorption 
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Fig. 4d is the EDS image of the hydrogel 
after adsorption. It can be seen that the 
atomic concentration of O, K and Cl 
increased to 3.89, 16.58 and 6.43 
respectively and this can be attributed to 
the increased adsorption efficiency of the 
hydrogel. 
 
3.3.5 Differential Scanning Calorimetry 
(DSC) 
The DSC of the produced hydrogel is 
depicted in fig. 5. The DSC analysis 

depict that the endothermic process of the 
hydrogel from 300C to 930C are caused 
by evaporation of free water from the 
hydrogel. As the temperature continues to 
rise, the exothermic decomposition of the 
hydrogel prevails indicating that at higher 
temperature, the hydrogel undergoes 
thermal decomposition. This result 
signifies that the developed hydrogel is 
not viable for application in high 
temperature conditions. 

 
 

 
Figure 5. DSC Thermogram of Cellulose-g-(AAm) hydrogel 

 

3.4.Swelling Studies 
The effect of monomer and cross-linker 
concentration on the water swelling 
percentage of the synthesized hydrogel 
was studied and presented in fig. 6a and 6b 

respectively. The effect of pH on the water 
swelling characteristics of the hydrogel 
was studied and presented in fig. 6c. 
 

12

NJPST Volume 16: 2021 ISSN: 1119-4111   Isah et al.. 



  
 

Fig 6a. 

property of hydrogel 

Effect of monomer concentration on the concentration on the swelling

  
 

Fig 6b. Effect of crosslinker swelling property of hydrogel 
       

 

 

Fig 6c. pH sensitivity of synthesize hydrogel 
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3.4.1 Effect of Monomer Concentration on 
the Swelling Property of Hydrogel  
From fig. 6a, the swelling percentage of 
the hydrogel increases as the monomer 
concentration increases from 0.6g to 1.4g. 
This characteristic can be attributed to the 
increase in the concentration of 
hydrophilic carboxylic group of the 
monomer around the cellulose backbone 
as studied by Abdel Ghaffar (2016).  
 
3.4.2 Effect of Crosslinker Concentration 
on the Swelling Property of Hydrogel 
The effect of crosslinker on the swelling 
properties of the hydrogel is depicted in 
fig. 6b and it can be seen that as the 
concentration of the crosslinker increases, 
the swelling of the hydrogel decreases 
accordingly. As the crosslinking densi ty 
increased, the pore size of the hydrogel 
becomes narrow thereby reducing spaces 
required for the accumulation of water 
which will also decrease the osmotic 
pressure driving the water into the 
hydrogel network and this similar 
phenomenon was reported by (El-
Arnaouty &M. Eid, 2010). This is due to 
the obvious fact that the swelling 
capability of the hydrogel is always 
dependent on the crosslinking agent. It can 
also be deduced that the higher the 
crosslinking agent in a hydrogel, the lower 

the swelling capacity and vice 
versa.because crosslinking always 
prevents the liquid from penetrating into 
the hydrogels as it has been investigated 
by Chavda and Patel (2011). 
 
3.4.2 Effect of pH on the Swelling 
Property of Hydrogel 
The swelling behavior of the hydrogel was 
investigated at pH values of 2, 4, 6, 8, 10 
and 12 and the result is presented in fig. 
6c. As shown in fig. 6c, higher levels 
swelling was observed at pH of 4, 8 and 10 
and this can be as a result of the presence 
of –COONH2 in the polymeric chains 

(Saber-Samandari et al., 2013). The 
highest swelling level was observed under 
basic condition with a pH of 10 and this 
can be attributed to the carboxamide group 
(-COONH2) undergoing hydrolysis and 
converting into carboxylate (-COONa) 
which are ionizable and resulting in an 
increase in the level of –COO- and then 
increased swelling (Ghobashy & Elhady, 
2017).  
 
This phenomenon will cause increase in 
water uptake because of the anionic and 
mutual repulsion among the carboxylate 
ions. As the pH increase above 10, the 
network structure collapse and swelling 
tendencies of the hydrogel drops rapidly. 

3.5Adsorption Studies  
The result of the physio-chemical 
parameters of the effluent analyzed are 

This can also be attributed to charge 
screening effect of counter ions (N+) on 
the –COO- groups thereby generating and 
hindering electrostatic repulsion. Similar 
phenomenon was also reported by (Zhang 
et al., 2019, Saber-Samandari et al., 2013 
& Dai et al., 2019). 
 

presented in Table 3. The values obtained 
was compared with the World Health 
Organization (WHO) dye effluent 
standards (WHO, 2017). It can be seen 
that the effluents do not meet up with the 
standards specified by WHO and as such, 
should be treated prior to discharge to 
minimize possible environmental 
pollution. 
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Table 3.  Physio-chemical Parameters of Effluents Before Adsorption 

Parameters Kofar Mata Dyeing 
Effluent 

WHO 

pH 11.6 6.5-8.5 
TDS(mg/L) 53.2 50 

Conductivity (µS/cm) 757 400 
DO(mg/L) 4.5 7.5 

 
The value of the maximum wavelength of 
the indigo blue and absorbance present in 
the dye effluent as recorded from the 
PerkinElmer UV/Vis Spectrum Lambda 35 
is 663.61 nm and 1.9095 respectively. This 
result is in accordance withabsorbance of 
indigo blue which is at relatively long 
wavelengths (600-675nm) in the visible 
region as reported by RM Christie (2007). 
 

Using the wavelength of the indigo blue 
present in the effluent as a reference, the 
absorbance of the standard indigo 
solutions was obtained from the machine 
and the absorbance values were plotted 
versus the specified specifications. As 
shown in fig. 8a and 8b, the unknown 
concentration of the indigo blue in the 
effluent was calculated using the eq. 1.  

 

 
Fig 8a. Graph of absorbance versus lower concentrations of serial solutions 
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Fig 8b. Graph of absorbance versus higher concentrations of serial solutions 

 
The slope obtained from both graphs are 
0.024608 and 0.024371 respectively and 
the average was determined to be 
0.0244895. Imputing the value of 
absorbance 1.9095 and slope of 
0.0244985 in Eq. 1, the initial 
concentration of the indigo blue present 
in the dye effluent was calculated as 
77.94 mg/L. The removal percentage of 
the prepared hydrogel was calculated 

using Eq. 4 taking into cognizance, the 
effect of contact time and temperature of 
the adsorption process. 
 
3.5.1 Effect of Contact Time on the 
Percentage Removal of Indigo Blue from 
the Effluent Solution 
The adopted contact time was 40, 60, 80, 
100 and 120 minutes. As shown in fig. 9,  

 

 
Fig 9. Effect of contact time on the percentage removal of indigo blue from the effluent 

solution 
 
From fig. 9 and table 4, the optimum 
contact time required for the maximum 
percentage removal of the indigo blue 
from the effluent solution by the 
synthesized hydrogel at a constant pH of 

11 and 0.1g of adsorbent is 40 minutes 
with corresponding percentage removal 
of 49.53%. Other notable optimum 
contact times were observed at 80 and 
100 minutes with corresponding swelling 
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percentages of 48.38% and 48.09%. The 
residual indigo blue after testing with 
hydrogel was determined by repeating the 
same procedure adopted in determining 
the initial indigo blue in the die and 
removal percentage was calculated using 
Eq. 4.  
 
The initial rapid adsorption was ascribed 
to the large pore size of the hydrogel 
networks and availability of carboxylate 

group thereby facilitating an initial bulk 
diffusion of the effluent into the hydrogel.  
 
The intermediate decline in removal 
percentage at contact time of 60 minutes 
can be ascribed to the intra-particle 
diffusion as well as electrostatic 
interaction between the dye and the 
adsorbent similar to a report by (Yuan et 
al., 2019). 

 
Table 4. Effect of contact time on the percentage removal of indigo blue from the effluent 

solution 
Time (min) Absorbance(A) Concentration 

(mg/ml) 
%Removal 

40 0.9637 39.16 49.53 
60 1.0872 44.18 43.06 
80 0.9859 40.06 48.38 
100 0.9913 40.28 48.09 
120 1.0366 42.12 45.71 

 
3.5.2 Effect of Contact Temperature on 
the Percentage Removal of Indigo Blue 
from the Effluent Solution 
The effect of temperature on the 
adsorbent efficiency of the hydrogel was 

tested and the results obtained are 
depicted in table. 4 and fig. 9 
respectively.  

 
Table 4.  Effect of temperature on percentage removal 

Temperature 
(oC) 

Absorbance(A) Concentration 
(mg/ml) 

%Removal 

30 1.017 41.33 46.73 

35 0.9837 39.97 48.49 

45 0.9539 38.76 50.1 

55 1.132 46.00 40.71 

60 1.315 45.98 40.74 

 
The temperature was varied at 300C, 
350C, 450C, 550C and 600C. It was 
observed that as the temperature increases 
from 300C to 350C the percentage 

removal increases gradually with the 
highest percentage obtained at 450C. the 
percentage removal increases. At higher 
temperatures such as; 550C and 600C, the 
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percentage removal was low. This 
characteristic can be attributed to the high 
decomposition rate of the initiator 
(potassium persulphate) leading to a 
higher crosslinking density and denser 

network which will then hinder the 
hydrogel from absorbing more effluent 
which is in accordance with the studies of 
Cheng et al., (2017). 

 
Figure 10. Effect of Temperature on the Percentage Removal of Indigo from Effluent 

Solution 
 
3.5.3 Effect of Hydrogel Dosage on the 
Percentage Removal of Indigo Blue from 
the Effluent Solution and Physio-chemical 
Parameters of the Effluent. 
The effect of hydrogel dosage on the 
percentage removal of the indigo blue 
from the effluent was investigated. This is 
also an important parameter as it helps 
optimize the behavior of removing dyes. 
As shown in table 5, the percentage 

removal of the indigo blue from the 
effluent increases as the hydrogel dosage 
is increased. This can be attributed to the 
availability of vacant adsorptive sites on 
the adsorbent for indigo blue under 
osmotic pressure as stated by Hu et al., 
(2018) in their investigation of 
superabsorbent hydrogel for removal of 
methylene blue dye from aqueous 
solution. 

 
Table 5.  Effect of hydrogel dosages on percentage removal 

Hydrogel (g) Absorbance 
(A) 

Concentration 
(mg/ml) 

%Removal 

0.1 0.9539 38.76 50.1 

0.2 0.6760 27.47 64.6 

0.3 0.6441 26.17 66.27 

0.4 0.5340 21.70 72.03 
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0.5 0.4878 19.82 74.46 

 
Table 6 shows the effect of hydrogel 
dosages on the physiochemical 
parameters of the remaining effluent after 
adsorption studies. As shown below, it 
can be seen that though the 

physiochemical parameters obtained does 
not tallies with the WHO standard as 
tabulated in table 3 but it shows more 
prospect than the dye effluent before 
adsorption. 

 
Table 6. Effect of the Hydrogel Dosages on the Physiochemical Parameters of Local Indigo 
Blue dye from the Effluent 

Hydrogel 
dosages 

Conductivity 
(µS/cm-1) 

TDS 
(mg/L) 

DO 
(mg/L) 

pH 

0.1g 756 5.14 5.5 11.1 
0.2g 754 5.14 6.5 11.0 
0.3g 752.5 5.17 6.5 10.9 
0.4g 752 5.08 6.1 10.7 
0.5g 752 4.83 5.7 10.1 

 
4. Conclusion 
In this study, hydrogel was synthesized 
using cellulose from maize cob as raw 
materials while N,N'-methylene 
bisacrylamide was used as a crosslinking 
agent and potassium persulphate as 
initiator in the presence of acrylamide. 
The developed hydrogel was 
characterized using FTIR, SEM, XRD 
and EDS. Swelling studies was conducted 
with the hydrogel and it was observed 
that the swelling capacity decreases with 
increase in crosslinker concentration and 
increases with decrease in monomer 
concentration. The hydrogel also 
presented considerable removal of indigo 
blue from local dye effluent. Effect of 
hydrogel dosage, contact time and 
temperature on effluent removal was 
investigated and the result showed that 
the developed hydrogel is a promising 
candidate for application as an efficient 
adsorbent in wastewater treatment. 
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ABSTRACT
 

The physico-chemical properties of Shea butter was  determined and used in the synthesis of 
alkyd resin using glycerol and phthalic anhydride at 230-250oc. The prepared alkyd resin 
was characterized using FT-IR spectroscopy, titrimetric  analysis and  its properties such as 
solubility, viscosity was measured. The antimicrobial activity  was  determined  using  well  

diffusion method. The resin microbial analysis shows some activity against some selected 
bacterial specie particularly at 100mg/ml and 50mg/ml in DMSO solvent. The paints  

containing 0%, 10%, 20% resin concentration were  formulated.  The resins content 
formulations were found to possess desired fastness properties to certain agencies. The 
antimicrobial activity results revealed SBAR can be utilized for the production of  

antimicrobial paints. 
 

Keywords: Shea butter oil (SBO), Shea butter Alkyd resin (SBAR), Paint, Binder.  
 

Introduction 
The forest reserve of Nigeria 
accommodate a lot of edible and non-
edible seeds bearing oil like Shea butter 
tree which known for its pharmaceutical 
and industrial uses, however, danger and 
rapid depletion of crude oil reserve, 
adverse environmental impacts, unstable 
nature of international oil market compel 
economic diversification for the country  
(Eze and Elijah 2010 and Uzo et al., 2013 
). Ghana, Burkina Faso

 
is
 

an exporter of 
Shea butter, Nigeria with highest tree 
density is

 
the major exporter despite 

setback of 70% rot away in a bush due
 
to 

poor collection mechanism (Obibuzor et 
al.,
 

2014).
 

Shea nut is an oil rich plant 
with 45-60% oil content which mainly 
used in the manufacture of candle, soap, 
cosmetics

 
and pharmaceutical products

 (Warra et al.,
 

2013). Large quantities of oil 
are needed for the production of alkyd 
resin, like linseed oil was mostly imported 
which resulting in high cost of production. 

In Nigeria,  the demand of alkyd resin is 
always increasing even though technical 
information  on local production is scanty 
(Onuwli and Igbokwe 2008). Good drying 
performance  rate, resistance to certain 
agencies having negative effects on paints 
necessitate  using alkyd resin as binders for 
gloss finishes, varnishes, wood primers, 
enamels and lacquers instead of using 
drying oils (Ogunniyi and  Njikang 1998).  
The alkyd resin which is  prepared by 
polycondensation polymerization  of 
polyhydric alcohol, polybasic acid and 
modified fatty acid is referred as oil 
modified alkyd resins and contribute about 
70% of  conventional binders which 
determined performance of surface coating 
against abrasion, chemical

 
invading and 

UV-light attacks (Oladipo et al.,
 
2013; 

Blaise et al.,
 
2012; Hlaing and Oo 2008).

 The biodegradabilitys
 
nature of major 

component of alkyd resins (plant oil, 
phthalic anhydride and glycerol) makes 
them quite interesting binders from an 
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ecological point of view (Shaker et al.,
 

2012). However, Nigeria blessed with oil-
bearing seeds available in tropical plants 
that are important sources of industrial oil 
which if well harnessed can enhance the 
supply vegetable oil as raw materials 
(Odetoye et al.,

 
2008). Paints essentially 

consist of pigment dispersed in a resinous 
binder reduced to an acceptable viscosity 
with a solvent;

 
in most cases organic 

components determine
 

the physical and 
chemical properties of the paints (Opara et 
al., 2013). The necessity of releasing the 
polymer industry from its dependence on 
depleting resources and searching for 
industrially renewable alternative is a 
major concern. Since, plant oils offer many 
advantage in term of their renewability, 
availability, low price makes them 
industrially acceptable (Meier and Lucas 
2010). Despite the predominance of 
petroleum-based polymers, plants oil is 
increasingly demanded by coatings and 
chemical intermediate industries 
(Aigbodion et al., 2000).  

 
There is need for Nigeria to intensify 
research on some indigenous plants seed in 
order to reduce importation cost and 
generate wealth considering high demand 
of alkyd resin by coating industries due to 
rapid economic growth of the sector.  

 
2.0 Material and Methods  
The SBO sample was obtained from 
Kurmi Market, Kano State. Phthalic 
anhydride, glycerol, ethanol, methanol, 
white spirit, iron (III) oxide, calcium 
carbonate, calcium acetate were all 
purchased

 
from Sigma Aldrich.

 
 
The apparatus and equipment used 
include; three-neck flask equipped with 
Dean and Stark apparatus, Reflux 
Condenser, Brookfield Viscometer, 
Oswald Viscometer, Suction filtration 
apparatus, pH meter Jenway Model 3320, 
FTIR Spectrophotometer Agilent 
Technologies and nitrogen source.

 
 

2.1. Moisture Content Determination
 

The
 

oil samples weighed 100g in a pre-
weighed beaker

 
and

 
heated for one hour at

 

1000C. The oils were allowed to cool at 
room temperature and weighed again to 
determine the weight loss using the relation 
below;

 

% Moisture Content =
 

 
w

 
–

 

 1
 

×
 

100
 

...........................................eq.1
 

W1=Initial weight
 

W2=Final weight
 

 

2.2. Determination of  Acid value  

5.0 g of fat or oil in a dried conical flask 
followed by 25 ml of absolute ethanol and 
(2-3) drops of phenolphthalein indicator 
was added. Heat with shaking in water 
bath (65%) for 10 minutes, then cooled 
followed by titrating the solution against 
0.1 N KOH until pink colour appears (end 
point). 

AV = 
            ml of KOH x N x 56

                
 = mg of KOH 

.........................................eq. 2  
% Free Fatty Acid (FFA) = AV x 0.503  
2.3. Iodine Value Determination  
The hanus iodine reagent was prepared by 
dissolving iodine (13.2 gm) in glacial 
acetic acid (1litre) with the help of heat. 
The solution was cooled and 3 ml of 
bromine added. The hanus iodine reagent 
was then kept in a  brown bottle until the 
analysis was complete. Oil sample (2g) 
was weighed into a 500ml conical flask 
and 10ml of chloroform added. By use of a 
pipette 25ml of hanus iodine  reagent  was 
added and left to stand in the dark for 
30minutes with occasional shaking. After 
this 15% potassium iodine was added, 
shaken thoroughly and distilled water 
(100ml) added to rinse down any iodine on 
the stopper.  

 
 The solution was then titrated with 0.1N 
sodium thiosulphate until a yellow solution 
turned almost colourless (titration = S ml).  
Three drops of starch indicator (1%) was 
added towards the end point and titration 
was continued until the blue colour turned 
colourless. A blank determination was done 
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w2

w1

weight of sample



and results recorded (titration = B ml). All 
the analysis was

 
done in duplicate using the 

formula:
 

Iodine value =
   

    

× 0.1

 

× 12 .69       

(weight(g) of sample)

           
 

× 100
 

.....................eq. 3
 

 

2.4. Determination of Saponification Value
 

Shea butter/oil samples (2g) was weighed 
into a conical flask and 25ml of ethanolic 
potassium hydroxide added. The solution 
was refluxed in boiling water bath for 1 
hour while being shaken 1frequently. One 
ml of phenolthalein indicator was added to 
the hot solution and titrated immediately 
with 0.5M hydrochloric acid (sample 
titration= s ml). A blank test was done and 
results recorded (blank titration = b ml).  
All the analysis were done in duplicate and 
the saponification value calculated as:                                              

SP =  56.1 (B - S) x N of HCl           

       (weight(g) of sample)           
 × 100  

.....................................eq. 4 

Where B = ml of HCl required by the 
blank sample 
S = ml of HCl required by the sample  

 
2.5. Preparation of Alkyd Resin 
Monoglyceride was first prepared by heating 
a mixture of 10g oil, 20g glycerol and 0.3g 
CaCO3 (catalyst) in a 500ml three necked 
round bottom flask fitted with condenser, 
Dean and Stark apparatus. The mixture was 
heated to 240ºC and maintained at this 
temperature for 1-2 hours using fitted 
thermometer. An aliquot was taken at 
interval to check for solubility in methanol 
which indicates the formation of the 
monoglyceride. At the onset of the second 
phase, the temperature was lowered to about 
180 ºC and measured quantity of phthalic 
anhydride (3:2 glycerol) was added, 
followed by addition of xylene (10% of total 
weight charged) into the reaction mixture. 
The water of esterification forms an 
azeotrope with xylene and removed. The 
temperature was increased to 230-250 ºC 
while the reaction lasted. Aliquots were 
withdrawn from the reaction mixture at 
intervals of 60 minutes to determine the drop 
in acid value. The reaction was stopped 

when the acid value attained about 15 mg 
KOH/g and the alkyd resin was allowed to

 

cool (Onukwli and Igbokwe 2008).
 

 

2.2.
 

The physicochemical parameters of 
SBAR;

 
such as colour, acid value and 

viscosity, were determined. The FTIR of the 
resin was acquired using FTIR 
spectrophotometer (Agilent Technologies) 
while the antimicrobial properties were

 

determined using well diffusion method.
 

 

2.5.1.
 
Fourier Transform Infra-Red (FTIR) 

Spectroscopy
 

The FTIR test was conducted using Agilent 
Technologies Spectrophotometer over range 
of 4000.00-650.00 on resolution of 4 cm-1  at 
Bayero University, Kano-Nigeria.  
 

2.5.2. Determination of Solubility  

The solubility of the samples in different 
solvents such as white spirit, ethanol, 
methanol and xylene. 1 gram of resins was 
dissolved in 10ml and shakes vigorously in 
which the solubility was carefully observed 
and recorded.  
 
2.5.3. Determination of  Viscosity  
Oswald Viscometer was used at 30 0C for 
viscosity measurements. Stock solution of  
1.0 gram of resins in  100ml turpentine 
prepared. The viscometer was charged with 
pure solvent and the time taken for the 
solvent to follow through the bulb noted. 
Stock solution of 10ml was transferred into 
the empty viscometer and the time taken for 
the solution to pass the same mark noted. 
Three readings were taken and the average 
used to calculate the relative viscosity

 
(Habibu, S, 2012).

 
The

 
average for

 
shea 

butter resin taken as;
 

 

 
 

= 
9.75

7.33  
= 

1.33......................................eq. 5
 Where 

 to= efflux time of turpentine
 t = efflux time of resin

 
 2.5.4. Antimicrobial activity

 Antimicrobial activity of the products was
 conducted using standard methods. The 

0
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(B - S)

t
t



antimicrobial potential test
 

was carried out 
using agar well

 
diffusion method. The 

inhibition zones were measured and 
compared with the standard reference 
antibiotic ciprofloxin. The extracts were

 

subjected to serial dilusion by using 
dimethyl sulphoxide (DMSO) as a solvent to 
give 100mg/ml, 50mg/ml, 25mg/ml 
solutions. The concentration of ciproflaxin 
standard used for this study was at 2mg/ml. 
Each prepared concentration of the different 
extracts was tested for it antimicrobial 
activity against S. aureus, E. coli, S. typhi on 
nutrient agar plates using disc diffusion 
method. All the plates were incubated at 
370C for 24 hours. Evaluation of 
antibacterial activity was measured showing 
the diameter of the zones of inhibition 

against the tested bacteria
 
(Sharif 2015).

 
 

2.5.5.
 
Paint Formulation

 

At first, 100ml of white spirit was 
measured, followed by dissolving certain 
quantity of resin (0, 10 and 20g) then 
mixing and stirring. Pigment and extender 
in 15:5 gram ratio was added, followed by 
addition of calcium acetate (0.3 gram 
drying agent). The paint was then 
transferred to air tight container (Haruna 
and Sharif 2016).  
 

3. Results and Discussion  

The physico-chemical properties of the SBO 
sample was evaluated using standard 
methods and result of the analysis presented 
in table 1.  

 

Table 1. Physico-chemical properties of SBO 

Physico-chemical properties Result  

Colour 
Refractive Index 
pH 
Nature at room temperature 
Moisture content (%) 
Specific gravity at 250c (g/cm3) 
Acid Value (mg/g) 
Iodine Value (mg/g) 
Saponification Value (mg/g) 
%FFA 
Ester Value 

Yellowish-white  
1.4801 
5.37 
Solid  
0.06 
0.9251 
4.451 
67.816 
227.02 
2.24 
222.57 

 
The FTIR spectrum of  prepared SBAR 
revealed signal of carbonyl stretching due 
to an ester linkage band at 1723 cm-1 and 
disappearance of broad band of O-H in the 
range of 3300-3500cm-1

 from one of the 

reactant (glycerol).  The peaks of 1601,  
1581 cm-1

 were  attributed to benzene ring 
from phthalic anhydride  in the  alkyd resin  
component.  

 
Table 2: physical properties

 
of SBAR

 
Properties

 
Specific Value

 
Colour

 
Viscosity (absolute)

 
Solubility in;

 
          

Xylene
 

         
Turpentine

 
         

Ethanol
 

         
methanol

 
 

Blue-Black
 

1.33
 

 Completely soluble
 Completely soluble
 Limited solubility

 Limited solubility
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Figure 2: Drop of acid with polycondensation time 
 
 

 
 
Figure 3: Volume of water evolved during synthesis of SBAR  with time  

 
The progressive decrease of acid value as 
in figure 2 can be linked to primary 
hydroxyl group (react at about 1600c) and 
secondary hydroxyl group (react 2300c) 
reaction with carboxylic group of phthalic 
anhydride. Also, step growth 
polymerization in which all the reactant 
are incorporated into a polymer chain 
characterized by decreased in acid value 

with time. Similar observation was 
reported by (Onukwli and Igbokwe 2008).  
 
The reduced rate of water evolution as the 
reaction progress as seen in figure 3 was 
linked to esterification reaction of 
condensation process. Similar observation 
was reported by (Oladipo et al.,

 
2013). 

Also, there was decreasing in viscosity of 
the mixture as the reaction progresses.

 
 Table 3: Antimicrobial Activities of SBAR

 Isolates
 

100mg/ml (mm)
 

50mg/ml (mm)
 

25mg/ml (mm)
 

2mg/ml control 
(mm)

 E. coli
 S. typhi

 S. aureus
 

8
 12

 8
 

7
 9
 7
 

0
 7
 7
 

35
 32
 31
 *control= Ciprofloxacin.
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The Shea butter resins show activities at 
various concentration of 100, 50 and 
25mg/ml of SBAR as presented in Table 3 
above.

 
 

In Salmonella specie,
 

the inhibition zones 
were as 12, 9 and 7mm while the 

Staphylococcus was 8, 7, and 7mm both at 
100, 50 and 25mg/ml respectively. It was 
observed that for E. coli species,

 
the resin 

were only active against the species at 100 
and 50mg/ml (8mm and 7mm inhibition 
zone) and inactive at 25mg/ml resin 
concentration.

 
 

Table 4: Properties of SBAR
 

Paints
 

Mechanical/Physical 
test

 
0%w/v

 
10%w/v

 
20%w/v

 

Flexibility test
 

Light fastness at 
94hrs 

Chemical Resistance; 
     Water 
     Brine 
    Acid (H2SO4) 
    Alkali (NaOH) 
    Xylene 

Viscosity (cp) 
 

Crack observed
 

5(Good) 
 
 

Good 

Fair 

Fair 

Fair 

Poor 

No crack observed
 

8(Outstanding)  
 
 

Excellent  

Very good  

Good 

Fair 

Poor 

6.8 
 

No crack observed
 

8(Outstanding)  
 
 

Excellent  

Very good  

Good  

Fair  

Poor  

10.78  
 

 
In the SBAR paint formulated, it was 
found that 10%w/v and 20%w/v passed 
flexibility test and showed excellent 
fastness to UV-light at 94hrs. The paints 
showed only poor resistance to xylene 
solvent thereby resistance to other liquids. 

 
4. Conclusion 
SBAR prepared from raw Shea butter and 
antimicrobial test shows it is active against 
some selected bacterial species. The resin 
used for the formulation of paint, the 
paints was found to be excellent and 
resistance to certain common agencies. 
Therefore, SBAR can be used for the 
production of antimicrobial paint which 
has promising application in public places 
to avoid contaminations by infectious 
diseases.
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Figure 1: Shea Butter FTIR Spectra 
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Appendix B 
 
 

       
                            

Figure 2: Glycerol FTIR Spectra 
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Figure 3: SBAR FTIR Spectra 
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Abstract 
Full vegetable tanned upper leathers were produced according  to standard procedures 
with shrinkage temperature of 72°C. They were cleared with 0.5% oxalic acid to pH 3.0 
and re-tanned with spent chrome liquor adjusted to pH of 2.0, 2.5 and 3.0 respectively with 
40% NaOH solution. The initial chrome oxide content of the wastewater was determined 
before and after each process.  Three (3) pieces of samples vegetable tanned leather 
measuring 7cm by 5cm were placed in 500 ml conical flask containing 400 ml of the 
conditioned spent chrome liquor and mechanically shaken continuously for4hours. After 
every batch, 1.0 ml of the reused spent chrome liquor and one (1) leather sample was 
withdrawn for chromium oxidecontent determination. The process was repeated three 
times, for each batch of spent liquor.  The Chromium content of each retanned leather 
sample and the corresponding reused spent chrome liquor were determined using Atomic 
Absorption Spectroscopy. The Uv-spectroscopic method was also used to determine the 
exhaustion of the chromium from the used liquor to 78%. Results show a general reduction 
of Chromium content of the conditioned spent chrome liquor while it was increasing in the 
semi-chrome leather samples. The sample leathers produced from the conditioned spent 
chrome liquor after piling for four days gave an average of 1.6% Cr2O3 content and 
shrinkage temperatures of (TS) 79OC, 81OC, and 82OC below the CTL having 102OC. Other 
results indicate the reduction of chrome  oxide content of the liquor which should have been 
discharged to the environment. 
 
Key words: reuse, retanned, semi-chrome; spent-chrome liquor,  
 
INTRODUCTION 

Chrome tanned leathers are characterized by 
high hydrothermal stability and excellent 
physical properties. This has been the 
envious attraction for leather producers, so 
till now chrome is still the best tanning 
agent. However, discharge of chromium 
tannery effluent without treatment is a 
serious threat to environment, posing great 
challenge to aquatic life, soil fertility and 
humanhealth due to bioaccumulation of the 

heavy metals in agricultural products from 
contaminated soil.  
Minimization of chromewastewater or reuse, 
recycle and recover are techniques very 
important in combating this risk to the 
environment and to reduce cost of 
production [1, 2]. The presence of chrome 
salts in effluent is undesirable not only does 
it represent a waste of chrome salt but 
minimum discharge limits expected are not 
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made by tanning industries.Chrome oxide 
content of waste liquor often discharge vary 
widely from tannery to tannery, but an 
average chrome loss to effluent of about 
30% of the total chrome used has been 
reported, [3, 4]. 
 
Reuse of spent chrome liquor in 
combination with vegetable tannins which is 
one of the most promising options in 
tanning, it is capable of achieving increase 
hydrothermal stability and it is based on a 
renewable resource, which is perceived to be 
environmentally friendly. The ideal 
combination of two tannages connotes the 
addition of desirable qualities. 
 
Whilst it is true that not all end uses of 
leather requires high hydrothermal stability,  
majority do, shoe upper leather must be able 
to withstand lasting, heat setting and direct 
bonding of synthetic soles, garment leathers 
must withstand steam pressing and 
automotive upholstery leathers are 
frequently subjected to high temperatures, 
combined with the actions of light and 
perspiration. Therefore, it is important that 
any option in the method of tanning does not 
compromise boil fastness test, [5]. 
 
Direct reuse of chrome wastewater for 
retanning of full vegetable tanned leather 
will reduce its concentration in the 
wastewater often discharge without proper 
treatment. The objective of this research is 
to retann vegetable processed leather using 
conditioned spent chrome liquor so as to 
minimize the quantity being discharged and 
consequently reduce harmful effects of 
chromium to the environment. The cost of 
production of semi-chrome can be reduce, 
particularly for tanneries that produce both 
chrome and semi-chrome leathers 
 
It has been reported that only 65-70% 
chromium applied in the form of units 

developed and adopted in large scale 
tanneries is absorbed, the remaining is 
discharged as waste in the effluent 
[6].Tanneries in India currently discharge 
large quantity of chromium salt, estimated at 
17,000 tons per year as waste.Similar cases 
are also found in Nigeria where a lot of 
tannery wastewater is either without or 
poorly treated and discharged with high 
values of this heavy metal.High 
concentration of chromium in the spent 
liquor is considered a waste and poses as 
serious environmental hazards, besides 
complicating and increasing the cost of 
treatment.  
 
The chromium concentration in terms of 
total chromium (Cr) in the exhaust chrome 
liquor ranges from 1,500 – 5000 mg/liter 
and the volume of exhaust chrome liquor is 
4 to 6% of the total volume of wastewater 
discharged from the tanning process[7, 8]. 
This exhaust chrome liquor is generally 
mixed with other streams of effluent in the 
tannery and the concentration of chromium 
as Cr in the composite streams ranged from 
100-300mg/liter. In most countries control 
authorities insist that the treated effluent 
should contain less than 2 mg/liter of 
chromium as Cr [9]. 
 
MATERIAL AND METHODS  
Spent chromium liquor was collected from 
Nigerian institute of leather and science 
technology(NILEST) tannery Zaria was 
stored until required.Full vegetable tanned 
leather was tanned with (Bagaruwa) through 
convention process, having a shrinkage 
temperature of 72OC. The leathers were 
cleared with 0.5% oxalic acid to a pH of 3.0 
and retanned with chrome wastewater 
adjusted to pH 2.0, 2, 5 and 3.0. Samples of 
the cleared vegetable tanned leather 
measuring 7.0 cm x 5.0 cm were retanned in 
acidified spent chrome liquor for 4 hours for 
every batch. Chrome oxide content 
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wasdetermined before and after each 
retanning. This was repeated three times in 
each liquor.   Samples A, B and C 
containing 400mls of spent chrome liquor, 
sample vegetable tanned leather labeled AI, 
AII and A III was introduce and agitated for 4 
hours. The second batch was labelled as BI, 
BII and BIII.  1.0 ml of reused spent liquor 
was also taken corresponding to each leather 
sample and labelled as XI, XII and XIII; YI, 
YII and YIII respectively. The control was a 
normal full vegetable retanned with 4.0% 
fresh chrome powder. Shrinkage 
temperatures of all sample leathers were 
carried out after horsing for four days 
according to the standard procedures, as 
reported by [10].  
 
Atomic Absorption Spectroscopic 
Analysis the Reused Spent Liquor and 
Tanned Leather.  

Crushed sample leather weighing 1.0g was 
digested with 10ml of the aquaragia then 
another 15.0 ml of de-ionised water was 
added and boil under a fumed cupboard for 
fifteen minutes. Thesolution was filtered and 
filtrate was transferred quantitatively,  rinse 
andmade up to100ml sample bottle with de-
ioned water according to the procedure 
reported by [9].  The procedure was repeated 
for each sample of used spentchrome liquor 
before and after every batch of retanning. 
The chromium oxide content was 
determinedusing Atomic Absorption 
Spectroscopy (AAS) at Multiuser 
Laboratory, Ahmadu Belo University 
(ABU), Zaria, similarly each ml of reused 
spent liquor withdrawn from the process was 
digested by the wet process in preparation 
for the same AAS analysis.  

 
RESULTS 
Table 1.0: Atomic Absorption Spectroscopic Analysis  
Sample Identity Mass of MgO 

(gm) 
Conc. of  
Cr2O3 mg/L 

Mean 
Absorbance  

Standard 
Deviation (SD) 

A 0.8 5256.98 0.4602 0.0016 
B 0.9 3815.36 0.3340 0.0010 
C 1.0 2258.38 0.1977 0.0007 
D 1.10 504.91 0.0442 0.0003 

E 1.20 245.59 0.0215 0.0002 
F 1.30 110.81 0.0097 0.0011 
G 1.40 0.000 0.0022 0.0010 
H 1.50 0.000 0.0011 0.0012 

Original Chrome 
Liquor 

       - 6652.12 0.5823 0.0010 

 
 
Table 2.0: Concentration of Chromium Absorbed by Vegetable Tanned Leathers (Semi 
chrome) at pH 2.0  
Initial Cr2O3 of wastewater 
(mg/L) 

AI (mg/L) AII (mg/L) AIII (mg/L) Total Abs  

6652.12 2195.30 2054.23 1940.00 6189.53 

6652.12 2108.42 2001.21 1885.06 5994.69 
6652.12 2125.04 2033.11 1505.52 5663.67 
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Mean % Absorption 32.21 30.51 26.71 89.43 
 
Descriptive statistics 

 
AI (mg/L) 

 
AII (mg/L) 

 
AIII (mg/L) 

 Mean 2142.92 2029.52 1776.86 
 Standard Error 26.63 15.41 136.59 
 Standard Deviation 46.12 26.69 236.59 
 Sample Variance  2126.80 712.46 55973.65 
 Sum 6428.76 6088.55 5330.58 
 Count 3 3 3 
 Confidence Level(95.0%) 114.56 66.31 587.72 
  

 
Table 3.0: Concentration of Chromium Remaining in Recycled Spent Chrome Liquor at 
pH 2.0.  
Initial Cr2O3 of wastewater 
(mg/L) 

XI (mg/L) XII  (mg/L) 
XIII 
(mg/L) 

6652.12 4457.13 2403.43 863.00 

6652.12 4544.32 2543.26 795.00 
6652.12 4527.42 2494.21 989.00 

Mean % Remaining 67.79 37.29 13.26 

Mean % Absorbed 32.21 62.71 86.74 

Descriptive statistics XI (mg/L) XII  (mg/L) 
XIII 
(mg/L) 

    Mean 4509.62 2480.30 882.33 

Standard Error 26.70 40.96 56.83 
Standard Deviation 46.24 70.95 98.43 

Sample Variance  2138.07 5033.22 9689.33 
Sum 13528.87 7440.90 2647.00 

Count 3 3 3 

Confidence Level(95.0%) 114.86 176.24 244.52 

 
 
Table 4.0: Concentration of Chromium Absorbed Vegetable Tanned Leathers (Semi 
Chrome) at pH 2.5 
Initial Cr2O3 of 
wastewater (mg/L) 

BI (mg/L) BII (mg/L) BIII(mg/L) 
Total 
Abs 

6652.12 2263.34 2122.42 1675.38 6061.14 
6652.12 2164.25 1989.32 1745.43 5899.00 
6652.12 2192.25 2055.65 1613.37 5861.27 
Mean % Absorption 33.17 30.90 25.23 89.30 

Descriptive statistics BI (mg/L) BII (mg/L) 
BIII 
(mg/L) 
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Mean 2206.61 2055.80 1776.86 
 Standard Error 29.49 38.42 38.15 
 Standard Deviation 51.08 66.55 66.07 
 Sample Variance  2609.44 4428.92 4365.35 
 Sum 6619.84 6167.39 5034.18 
 Count 3 3 3 
 Confidence 

Level(95.0%) 126.90 165.32 164.13 
  

 
Table 5.0: Concentration of Chromium Remaining in Recycled Spent Chrome Liquor at 
pH 2.5.  

 

 
 
Table 6.0: Concentration of chromium Absorbed by Vegetable Tanned Leathers (semi 
chrome) at pH 3.0 
Initial Cr2O3 of wastewater 
(mg/L) 

CI (mg/L) CII (mg/L) CIII (mg/L) 
Total 
Abs 

6652.12 2236.51 2183.52 1877.52 6297.55 

6652.12 2184.51 2093.23 1655.55 5933.29 

6652.12 2215.50 2254.36 1837.62 6307.48 

Mean % Absorption 33.26 32.73 26.91 92.89 

 Descriptive statistics CI (mg/L) CII (mg/L) CIII (mg/L) 
 

Mean 2212.17 2177.04 1776.86 
 

Standard Error 15.10 46.63 68.32 
 

Standard Deviation 26.16 80.76 118.33 
 

Initial Cr2O3 of 
wastewater (mg/L) 

YI (mg/L) YII (mg/L) 
YIII 
(mg/L) 

6652.12 4392.39 2272.29 602.00 

6652.12 4492.56 2512.45 1062.00 
6652.12 4462.33 2412.44 702.00 

Mean % Remaining 66.88 36.06 11.86 

Mean % Absorbed 33.12 63.94 88.14 

Descriptive statistics YI (mg/L) 
YII 
(mg/L) 

YIII 
(mg/L) 

Mean 4449.09 2399.06 788.67 

Standard Error 29.66 69.65 139.68 
Standard Deviation 51.38 120.64 241.94 

Sample Variance  2639.91 14553.47 58533.33 
Sum 13347.28 7197.18 2366.00 

Count 3 3 3 
Confidence 
Level(95.0%) 127.64 299.68 601.00 
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Sample Variance  684.30 6522.24 14002.03 
 

Sum 6636.52 6531.11 5370.69 
 

Count 3 3 3 
 

Confidence Level(95.0%) 64.98 200.62 293.95 
 

 
 
Table 7.0: Concentration of Chromium Remaining in Recycled Spent Chrome Liquor at 
pH 3.0 
Initial Cr2O3 of 
wastewater (mg/L) 

ZI (mg/L) ZII (mg/L) ZIII (mg/L) 

6652.12 4422.40 2262.56 692.00 
6652.12 4472.07 2382.64 732.00 
6652.12 4442.05 2192.58 562.00 
Mean % Remaining 66.83 34.26 9.95 

 Descriptive statistics ZI (mg/L) ZII (mg/L) ZIII (mg/L) 
Mean 4445.51 2279.26 662.00 
Standard Error 14.44 55.50 51.32 
Standard Deviation 25.01 96.12 88.88 
Sample Variance  625.74 9239.87 7900.00 
Sum 13336.52 6837.78 1986.00 
Count 3 3 3 
Confidence Level(95.0%) 62.14 238.79 220.79 
 

 
 
Table 8.0: Shrinkage Temperature  (TS) of          Table 9.0: Tensile Strength and Percentage  
 Sample the Semi-chrome                                     Elongation at break 

S/N Sample Tensile 
Strength 
N/mm2 

Percentage 
(%) 

1 AI 13 60 
2 AII 15 65 
3 AIII 13 68 
4 BI 14 66 
5 BII 16 64 
6 BIII 14 63 
7 CI 15 67 
8 CII 16 69 

9 CIII 15 65 

10 CTL 17 76 

S/N Sample Ts Value  

1. AI 76.0ºC 

2. AII 78.50ºC 

3. AIII 78.5.0ºC 

4. BI 11.0ºC 

5. BII 80.0ºC 

6. BIII 79.0ºC 

7 CI 71.5oC 

8 CII 70oC 

9 
10 

CIII 

CTL 
82oC 
102 
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DISCUSSION 

Vegetable tanned leather is a  good 
substrate for chrome absorption 
particularly when it is conditioned at 
appropriate pH with oxalic acid as the 
most appropriate organic acid,which has a 
tendency of creating more reactive sites 
for chrome absorption and fixation. 
Retanning of full vegetable tanned leather 
with modifiedspent chromium liquor has 
resulted to semi-chrome uppers close to 
the desired properties. The sample 
leathers showed shrinkage temperature 
within the range of 76OC – 82OCand a 
chromium oxide content of 1.65% 
compared with the control sample having 
102oC and a corresponding Cr203 of 
2.5%, the standard for shoe upper 
leathers. This means that the semi-chrome 
was able to absorbed chrome from the 
conditioned spent liquor but not as much 
as required to meet with the standard 
specification.Despite the high quantity of 
chrome oxide content in the wastewater 
which is often discharged after normal 
chrome tannage. The semi chrome was 
unable to absorbed the required chrome 
oxide, most probably because the spent 
chrome liquor had formed large 
macromolecule with the basifier used 
during the initial chrome tannage. It is 
observed that as pH of the spent chrome 
liquor increases the better the exhaustion 
of the chrome oxide content of the liquor 
(Table 2.0 – 7.0). 
 
Reuse of spent chrome liquor for 
retanning has not been popular, most 
probably because of the quest to satisfy 
customers demand within specified 

periods.Another reason could be the poor 
rate of absorption by thevegetable tanned 
leather because of the large 
macromolecule of the chrome complex 
formed during basification in the initial 
tannage.Although chrome fixation takes 
place at the carboxylic side chain of the 
protein, penetration of chrome could still 
be difficult because the pore size of the 
fiber network which might have been 
blocked by the vegetable tannins. 
Possibly because ofsteric hindrance of the 
protein-vegetable complex. Hence the 
unpopular reuse or recycling of spent 
chrome liquor. However, when stringent 
measures are taken by the authorities’ 
concern, the technique might be 
considered or adopted as the cheapest 
approach for reuse of chrome wastewater 
especially for tanneries that produce both 
wet blue and vegetable crust.With this 
approach or technique fresh chrome 
powder may not be necessary for the 
production of semi-chrome upper 
leathers. 
 
The shrinkage temperature of the sample 
leathers indicates increase in the thermal 
stability of the retanned leathers with the 
spent chrome liquor, Table 8.0The control 
sample showed a chrome oxide content of 
2653.85mg/L and shrinkage temperature 
of 102OC which is significantly different 
from sample leathers, (P < 0.05). 
 
CONCLUSION 
Reuse of spent chrome liquor for 
retanning of full vegetable tanned leather 
is very possible.The process is equally 
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economical and environmentally friendly 
as the quantity of chrome that should 
have discharged to the environment 
posing as a thread to the environment is 
recovered for reused. Although the 
penetration of chromium was not 
excellent but could be said to be good 
even though significant quantity of 
chrome was still left in the conditioned 
spent chrome liquor. At pH 2.0, the total 
chromium absorbed by the vegetable 
leathers was 89.43% leaving 13.26% in 
the wastewater. At pH  2.5 the total 
absorbed similar at 89.30% and the 
remaining was 11.86%. Meanwhile, at pH 
3.0 the total absorbed by the vegetable 
leathers was 92.89% leaving 9.95% of 
chromium in the liquor.  It was observed 
that much of chrome was absorbed at pH 
3.0, which is the possible reason for 
higher shrinkage temperature observed in 
Table 8.0. 
 
RECOMMENDATION 
Retanning of vegetable tanned leathers 
with spent chrome liquor in order to 
improve on the properties of vegetable 
leathers has yielded good results. It is 
therefore being recommended for tanning 
pickled pelts. 
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ABSTRACT 
A research work on the polymer particleboard composites using Africa fan palm 
petioles (AFPP) fibre and saw dust (SD) fibre as reinforcement and urea -formaldehyde 
(UF) as matrix was carried out. Composites of particleboard were formulated with 
varying weight fraction of reinforcements: 90%, 80%, 70%, 60% and 50% to 10%, 
20%, 30%, 40% and 50% urea formaldehyde. The mechanical properties of the 
composites where ultimate tensile strength (UTS), young’s modulus, elongation at 
break, hardness strength and impact strength were analysed. The results show an 
improvement in the mechanical properties with increased in weight fraction of urea -
formaldehyde (UF) matrix. Optimum results were observed at 50% weight fraction of 
urea-formaldehyde (UF) matrix. The results indicated that the AFPP particleboards 
had better properties compared to SD particleboards, thus AFPP can serve as a better 
substitute for wood in high-performing composites.  
Keywords: Africa fan palm petioles, Mechanical properties, Morphology, 
Particleboards, Saw dust. 
*Corresponding author: E-Mail salihuaudu4u@gmail.com Tel: +2348158391155; 
+2348092088651 
 

INTRODUCTION 
There has been an increasing 
environmental problem caused by the use 
of non-renewable, non-biodegradable 
materials such as polymer based products 
(Morales-Zamudio et al., 2019), carbon 
fillers, glass fibres etc. However, because 
polymer composites usually comprised of 
two or more components, it is expensive to 
separate the components for recycling 
purposes (Pickering et al., 2016). 
Nowadays the most usual methods of 
disposing polymer composites are landfill 
and incineration (Hassan et al., 2019), both 
methods cause environmental pollution. 
The main problems with polymers used as 
composites matrix such as urea-
formaldehyde (UF) is its non-degradability 
and non-renewability. This problem can 
only be reduced by incorporating much 
quantity of reinforcement (natural fibre) in 
the composite formulation. UF is a hard, 

rigid and a three dimensional structural 
material, its properties can be improved by 
the introduction of natural fibres (Hassan 
et al., 2019) to form composites.   Natural 
fibres have gained attention because of 
their many advantages such as low cost, 
low density, cheapness, renewability, 
biodegradability, high strength, enhanced 
energy recovery, etc (Jacob et al., 2016; 
Singha and Thakur, 2008 and Espinach et 
al., 2019). Natural fibres composites have 
proven to be environmental friendly than 
artificial fibre such as glass fibre 
reinforced polyolefin (Kong and Park, 
2016; Singha and Thakur, 2009 and Pil et 
al., 2016). Over few years back, different 
types of waste materials (natural fibres and 
plastic waste) have been utilized in 
composite production; which offers an 
opportunity for waste materials re-
utilization and thereby reduce 
environmental pollution (Eze et al., 2013). 
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Many research work have been reported on 
natural fibres based composites; examples 
are Palmyra palm petioles, bagasse, 
bamboo, Jute, Africa fan palm petioles, 
wheat straw rape straw and wood particles 
( Srinivasababu et al., 2014; Naguib et al., 
2015; Qiu et al., 2019; Gupta, 2018; 
Salihu et al., 2019; Silva et al,. 2019 and 
Casereanu et al., 2019) among others.  
 
Particleboards are produced from wood 
products but because of the pressure on the 
wood reserve, efforts are being made to 
save the forest by finding alternative raw 
materials such as Africa fan palm petioles. 
 
Africa fan palm petioles are annually 
renewable agro-waste. The tree has many 
uses: It is used globally for both medicinal 
(Sarkodie et al., 2015) and structural 
applications because of its strength and 
resistance to various attacks such as 

chemical, climate, termite, etc. Fibres can 
be obtained from the leaves, petioles and 
wood (which is reported to be termite-
proof) can be used in construction (Bailey 
et al., 1976). Virtually all parts of African 
fan tree are useful to greater extent but 
there is not much reported economic 
application of the petioles in Nigeria. The 
development of economically viable 
products in form of composites from these 
materials has prompted the need for this 
study.  
 
Thus the aim of this work is to develop 
Africa fan palm petioles fibre composites 
with low proportion of UF matrix to 
reduce the effects of environmental 
pollution and also comparing their 
mechanical properties with the 
conventional saw dust particleboards 
composites.  

 
Table 1: Designation of symbols and their meaning as used in this work  
Symbol Meaning 

  
10HW 10wt% saw dust fibre reinforced 90wt% urea formaldehyde matrix 
20HW 20wt% saw fibre dust reinforced 80wt% urea formaldehyde matrix 
30HW 30wt% saw fibre dust reinforced 70wt% urea formaldehyde matrix 
40HW 40wt% saw fibre dust reinforced 60wt% urea formaldehyde matrix 
50HW 50wt% saw fibre dust reinforced 50wt% urea formaldehyde matrix 
10F 10wt% saw Africa fan palm petioles fibre reinforced 90wt% urea formaldehyde  matrix 
20F 20wt% saw Africa fan palm petioles fibre reinforced 80wt% urea formaldehyde matrix  
30F 30wt% saw Africa fan palm petioles fibre reinforced 70wt% urea formaldehyde matrix  
40F 40wt% saw Africa fan palm petioles fibre reinforced 60wt% urea formaldehyde matrix 
50F 50wt% saw Africa fan palm petioles fibre reinforced 50wt% urea formaldehyde matrix  

                                                      
MATERIALS AND METHOD  
Materials 
The materials used in this work are BDH-
grade urea, formaldehyde, ammonium 
chloride, sodium hydroxide, Saw dust and 
Africa fan palm petiole (Salihu  et al., 
2019). 
 
Method 
Sample collection and preparation 
Borassus aethiopum petioles were sourced 
from Mazhaga village, in Toto Local 

Government Area of Nasarawa State of 
Nigeria and saw dust was sourced from 
Samaru Sawmill, Zaria-Nigeria. They were 
both sun-dried for three weeks and finally 
reduced to 0.6mm particle size using a 
mechanical grinder as reported in (Salihu  
et al., 2019).. 
 
Preparation of Urea Formaldehyde (UF)                                                                      
400ml of 45% formaldehyde solution was 
measured into a clean dried 1000ml beaker 
with 200g of 99% urea place on the 
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heating mantle, 22% NaOH solution was 
added to moderate the pH to 8.5 and the 
temperature was raised in 50 min from 
ambient to 90 0C while maintaining pH in 
the range 7.6 by small additions of 22% 
NaOH. The temperature was maintained at 
90 0C until the turbidity point is reached 
for 20 min. 5ml of 30% concentrated 
tetraoxosulphate (vi) acid (H2SO4) was 
added to adjust it acidic medium of 5.5 pH 
and the temperature was raised to 980C. 

The pH was finally brought to 8.5 using 
sodium hydroxide solution to terminate the 
polymerization reaction (Salihu  et al., 
2019).. 
 
Chemistry of UF resin:  
The reaction of urea and formaldehyde is 
basically a two-step process: usually an 
alkaline methylolation followed by an acid 
condensation. 

 
Step 1: Formation of methylol urea derivative 
Methylolation refers to the addition of up to three (four in theory) molecules of the 
bifunctional formaldehyde to one molecule of urea to give the so-called methylolureas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 2: Polymerization of methylol urea  
The second stage is the acid condensation of the methylolureas, Several molecules of 
methylol urea derivatives condense with loss of water molecules to form a highly cross linked 
urea formaldehyde resin through polymerization process.  
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Formulation of saw dust (SD) and 
Africa fan palm petioles (AFPP) 
composites 
The saw dust (SD) and Africa fan palm 
petioles (AFPP) fibres particleboards were 
formed by mixing each fibre with urea 
formaldehyde separately using hand layup 
method until proper mixture was obtained. 
The percentage urea formaldehyde resin 

loading was varied from 10%, 20%, 30%, 
40% and 50%; and 90%, 80%, 70%, 60% 
and 50% of the fibre respectively as shown 
in table 2. The amount of ammonium 
chloride salt that was added to each 
formulation as a curing agent (CA) at 5% 
of Urea Formaldehyde (UF) was 
calculated to ensure equal concentration 
[15]. 

 
Table 2: Weight fraction ratio for the composites (Salihu  et al., 2019).. 
Sample UF (%) Filler (%) CA 

(NH4Cl)g 
10H 10.00 90.00 0.50 
20H 20.00 80.00 1.00 
30H 30.00 70.00 1.50 
40H 40.00 60.00 2.00 
50H 50.00 50.00 2.50 
    
10F 10.00 90.00 0.50 
20F 20.00 80.00 1.00 
30F 30.00 70.00 1.50 
40F 40.00 60.00 2.00 
50F 50.00 50.00 2.50 
                                                                            
 
Curing 
The composite samples were cured on a 
hydraulic machine with its platens 
electrically heated. The composites were 
wrapped in aluminum foil and cold-
pressed into mat-form. The composites 
were cut into the metal mould with 
dimensions (25cm length, 25cm width, and 
5mm thickness) and placed between 
heated platens of the compression molding 
in an electrically heated hydraulic press at 
the temperature of 1600C, pressure of 12 
MPa for 3mins (Salihu  et al., 2019). 
 
Impact Strength Test  
Impact strength tests are measure of the 
toughness of a material or the ability of a 
material to resist sudden blow when 
dropped from a certain height and or a 
measure of the energy required to break a 
material. The izod impact test was carried 
out according to ASTM D256 in which the 
test sample was clamped upright in an 
anvil, with a V-notch at the level of the top 

of the clamp. The test piece was hit by a 
striker carried on a pendulum which was 
allowed to fall freely from a specific 
height to give a blow of 120ft-1b/ in 
energy. After the test piece fractured, the 
height at which the pendulum was rise to 
be recorded by a slave fraction pointer 
mounted on the dial. The energy E 
absorbed at fracture can be obtained by 
calculating the difference in potential 
energy of the pendulum before and after 
test as given below: 
 
E = m.g (h-h’).  
Where: E=Absorb energy, m = mass of 
pendulum,  g = acceleration due to gravity 
and h=height. 
 
Tensile test  
The testing of the samples was done at 
Engineering Materials Development 
Institute, Akure, Ondo State, Nigeria in 
accordance with ASTM D638 standard. 
The samples were cut to dumb bell shape 
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and then placed in Instron universal tensile 
testing machine 3369 model and the tensile 
strength and modulus were evaluated. 
 
 
 
RESULTS AND DISCUSSION  
Impact test results 
Figure 1 shows the impact strength of the 
particleboards, which is the ability of a 
plastic to withstand high energy impact 
without fracturing or breaking. In other 
word, it is a measure of the toughness of a 
material. It acts as a tool to study brittle-
ductile transition. Brittle materials have 
low toughness and they can bear a small 
amount of plastic deformation. On impact, 
the energy of the pendulum is transferred 
to the test specimen and a part of the 
energy is consumed during fracture of the 
specimen. The total energy absorbed by 
the polymer composite is the sum of the 
energy consumed during plastic 
deformation and the energy needed for 
creating new surfaces. The impact 
properties of composite materials are 
directly related to its overall toughness. 
Composite fracture toughness is affected 
by interlaminar and interfacial strength 
parameters. 
 
In figure1 shows that the impact strength 
of the AFPP filler composites shows an 
increase as the percentage resin increased. 
Similarly, the impact strength of the SD 
filler composites also shows an increase as 
the percentage resin increased with the 
minimum of 2.97 J/mm2 at 20% weight 

fraction of matrix which could be as a 
result of voids present leading to poor 
impact strength (Danladi and Patrick, 
2013). The increased in impact strength as 
the UF composition increased could be 
attributed to the saturation of the filler by 
the UF matrix which increased the 
interfacial bond. Similar observation has 
been reported by (Danladi and Patrick, 
2013 and Suvana  et al., 2015). The result 
shows that the impact strength of 90/10, 
80/20, 70/30% fibre/UF matrix 
compositions for AFPP was 3.76, 4.24, 
4.28 J/mm2 and SD was 3.92, 2.97, 4.13 
J/mm2 lower than 5.50, 6.05, 7.00 Kgf.cm 
as reported by (Ghosh and Nayak, 2006) 
when the same particles/matrix 
compositions was used. This could be as a 
result of variations of the raw material. 
The AFPP and SD results was also 
observed to be higher than the value 
recorded for urea-formaldehyde resin 
(UFR)/maize cob (MC) particle boards 
range from 3.3 x 10-2 to 0.4 x 10-2 J/m2. 
This could be as a result of variations of 
the raw material and particles/matrix 
composition. Optimum results were 
observed at 50% weight fraction filler for 
both AFPP and SD composites. AFPP 
(7.22 J/mm2) particleboards showed better 
impact strength than SD (6.23 J/mm2) 
particleboards. This could be attributed to 
the surface roughness of the AFPP 
particles than the SD fibres i.e smooth 
nature of SD particles (Srinivasababu et 
al., 2014) that encouraged better interfacial 
bonding in AFPP composites.  
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Figure 1: Impact test of the samples 
 
 
 
Ultimate tensile strength test results  
Figure 2 shows the ultimate tensile 
strength (UTS) of AFPP and SD particle 
composite samples. Ultimate tensile 
strength is the capacity of a material to 
withstand loads (stress) tending to 
elongate. Figure 4.7 shows that the tensile 
strength of AFPP and SD particle 
composites increased with decrease weight 
in fraction of UF matrix. This may be as a 
result of increase in wetting of the particles 
which lead to better compatibility of the 
particle/matrix composites. Similar 
observation was reported in (Mamza et al., 
2014). This result was not in agreement 
with the work reported by (Jacob et al., 
2018 and Abdulkareen and Adeniyi, 2017)  
which may be as a result of variation in 

percentage composition, raw materials and 
matrix. The AFPP composites UTS 
increases with increase in percentage resin 
more than SD filler composites UTS 
which could be as a result of high fibre 
matrix interaction in AFPP composites. 
Optimum results were observed at 50 % 
weight fraction of reinforcement for both 
AFPP and SD composites. AFPP (31.07 
MPa) particleboards showed better tensile 
strength than SD (13.63 MPa) 
particleboards. This variation may be due 
to the variation in properties of the raw 
materials which leads to high compatibility 
in AFPP composites. The result shows 
higher values than BIS specification of 0.8 
N/mm2 (Mamza et al., 2014). 

 
 
 
 
 

 
Figure 2: Ultimate tensile strength of the samples 
 
Young’s Modulus test results  
Figure 3 shows the Young’s modulus of 
AFPP and SD which is a measure of 
elastic deformation when stress is applied 
on the object or substance. The result 
shows that the Young’s modulus of AFPP 
and SD particle composite increased with 
increased in weight fraction of UF matrix. 
This could be as result of proper wetting of 
the particles by the UF matrix which 
increased the interfacial bond. Decrease in 

Young’s modulus was observed in AFPP 
composites from 671.90 MPa to 412.09 
MPa at 30 % to 40 % percentage resin 
increases which could be as a result of 
poor particle distribution in the UF matrix 
during mixing. Similar observation was 
reported in (Salihu et al., 2019). 
 
An optimum result was observed at 50% 
weight fraction of reinforcement for both 
AFPP (859.27MPa) and SD (506.92MPa) 
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composites. This could be as result of 
increase in wetting of the fibres by the UF 
matrix which increased the interfacial 
bonding strength of composites. AFPP 
(859.27MPa) particleboards showed better 

Young’s modulus (stiffness) than SD 
(506.92MPa) particleboards. This variation 
may be due to the variation in properties of 
the raw materials which leads to high 
compatibility in AFPP composites.  

 

 
 
Figure 3: Young’s Modulus of the samples  
 
Elongation at break  
Figure 4 shows the elongation at break of 
AFPP and SD particle composite which 
shows the ductility of composites. The 
ductile behaviour of AFPP composites 
shows that the elongation of the AFPP 
filler composites shows a decrease as the 
percentage resin increased from 20 %wt 
fraction of UF matrix. Similarly the 
elongation of the SD filler composites also 

shows a decrease as the percentage resin 
increased from 20 %wt fraction of UF 
matrix. SD composites show higher 
elongation than AFPP fil ler composites 
elongation. This could be as a result of 
particle variation. The highest ductile 
behaviour was observed in SD composite 
(3.99mm) than AFPP fibre composite 
(3.41mm) at 20% weight fraction of UF 
matrix.  

 

  
 
Figure 4: elongation at break of the samples 
 
CONCLUSIONS Particleboard from AFPP and SD 

reinforced UF was successfully developed 
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and characterized, the following 
conclusions were made.  
 
(i). Optimum mechanical properties of 
both AFPP and SD composites was 
obtained at 50/50 matrix/reinforcement  
(ii). AFPP-UF composites showed better 
mechanical properties compared to SD-UF 
composites.  
 (vi) The experimental results have shown 
that production of general purpose and 
furniture grade particleboard in dry 
conditions using AFPP is technically 
viable and therefore can be used as wood 
replacement. 
 
RECOMMENDATIONS 
(i). More research should be carried out on 
Africa Fan Palm so that small scale and 
large scale industries can be set up for 
particleboards production across the 
country. This can provide job for teaming 
Nigeria youth. 
 (ii). The AFPP fibres need to be modified 
via chemical treatment in order to increase 
its compatibility with the urea 
formaldehyde matrix. 
(iii). Other characterizations such as creep 
compliance and dynamic mechanical 
analysis should be carried on AFPP-UF 
composites. 
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ABSTRACT 
In this study, waste propylene plastics (WPP) were used as sorbents for the removal of 
crude oil. The reactions were described by the use of central composite design as the 
function of factors namely; sorbent dosage, contact time, initial oil concentration and 
temperature. Results revealed that the best experimental run for the crude oil sorption was
obtained at conditions of high sorbent dosage of 3.5 g, high contact time of 30 mins, high 
initial oil concentration of 75 g/L and low temperature of 25 oC which produced a 
maximum sorption capacity of 17.23 g/g. Relative effects of interaction between the process 
variables from the interaction plot and cube plot showed significant interaction between the 
factors. Statistical analysis revealed that the model of the WPP sorbents had high R2 value 
of 0.9824, high AP value of 32.14 and low CV value of 1.47, indicating a very good 
precision and reliabilty of the model. 

KEYWORDS: Central composite design, Crude oil, Pollution, Polypropylene, Sorption  

Introduction 
Over the past few years, oil 

pollution has become one of the most 
serious global concerns due to its impact 
on the environment and economy. 
Accidental and intentional oil discharges 
have been reported frequently during the 
exploration, transportation and refining of 
oil, and these have severe negative impact 
on organisms and the wider environment 
(Sabir, 2015). Stringent environmental 
policies worldwide have generated great 
interest in the development of cost-
effective and efficient methods for the 
treatment of oily water. Among these 
methods, sorbent materials are more 
attractive for oil-spill cleanup because of 
the possibility of collection and complete 
removal of the oil from the water surface 

while bringing no adverse effect to the 
environment (Ge et al., 2016).  

 
A large amount of plastic wastes

get generated everyday with the main 
crucial concern as to how efficiently and 
effectively these wastes can be managed 
for the sustenance of mankind and the 
environment.  In  order  to  reduce  plastic  
disposal  to  the  landfill,  another  
alternative  method  to  manage  plastic  
waste  directly is to use it to produce 
value-added products such as sorbents.
Most of the research on plastic waste has 
been focused on its elimination in a low
cost approach rather than its beneficial, 
value-added reuse.  

 
Response surface methodology 

(RSM) is an effective tool for optimizing 
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a factor process when a combination of 
several independent variables and their 
interactions affect desired responses 
(Thani et al., 2017). This methodology 
has the advantage of being less expensive 
and time consuming than other classical 
methods (Khosravi and Arabi, 2016).  
Hence, the aim of this study is to explore 
the viability of converting waste 
polypropylene plastics (WPP) into oil-
sorbents and the application of RSM to 
identify the optimum conditions of the oil 
sorption capacity. 
 
2.0 MATERIALS AND METHODS  

Waste plastics made from 
commercial polypropylene (PP) were 
collected from refuse dumps and plastic 
waste collection centre in Tipper garage, 
Lokoja, Kogi State, Nigeria. The waste 
plastics were thoroughly washed with 
water, dried, shredded into particles and 

sieved with laboratory sieves to obtain a 
homogenous particle size of 300 µm.  

 
2.1 Experimental Design Using 
Response Surface Methodology  

A face-centered central composite 
design was applied for the study of the 
factor processes of the oil sorption 
capacity. Four different parameters 
namely sorbent dosage (1.5 – 3.5 g), 
contact time (10 – 30 mins), Initial oil 
concentration (25 – 75 g/L) and
temperature (25 - 45 oC) were selected as 
the critical variables. The 30 experimental 
runs were conducted and the oil sorption 
capacity for each experiment was
calculated.  

 
The effects of sorbent dosage,

contact time, initial oil concentration and 
temperature at three variable levels (-1, 0, 
1) were evaluated in Table 1:  

 
Table 1:  Process factors and levels considered for the oil sorption  

Factors Units Symbol 

Levels 

-á 
Low 
(-1) 

Center 
(0) 

High 
(+1) 

+á 

Sorbent dosage g A 1.5 1.5 2.5 3.5 3.5 

Contact time min B 10 10 20 30 30 

Initial oil 
concentration 

g/L C 25 25 50 75 75 

Temperature oC D 25 25 35 45 45 

 
2.2.  Oil Sorption Capacity (OSC) 

The waste polypropylene plastics 
(WPP) were subjected to crude oil 
sorption test, and in order to simulate the 
situation of oil spill and minimize 
experimental variation, the crude oil 
sample was held in beakers for a day in 
open air to release volatile hydrocarbon 
contents. The 30 experimental runs with 
the various combinations of the different 

factors were randomly performed 
according to Table 3. 

 
To one liter of distilled water, a 

concentration (25, 50, 75 g/L) of crude 
oil was added. A mass of the sorbent (1.5, 
2.5, 3.5g) was added into the mixture in 
the beaker and left unperturbed at a 
contact time (10, 20, 30 min) in a water 
bath at a temperature (25, 35, 45 oC). 
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After the contact time had elapsed, the 
sorbent was removed using sieving net 
and left to drain by hanging the net over 
the beaker in an oven for 4 hours at 60 °C 
in order to remove the excessive 
unsorbed oil (Onwuka et al., 2016). 
Oil sorption capacity 

= 
New  Weight  Gained  (g)

Original  weight  (g)
                                                                         

(1) 
 
3.0 RESULTS AND DISCUSSIONS 
3.1.  Fit Summary  

Presented in table 2 is the fit 
summary values for the oil sorpion 
capacity by WPP. Results revealed high 

R2 values of 0.9824, thus suggesting 
adequate fitting of the WPP sorbents to 
the data model.  

 
The WPP sorbents had adequate 

precision (AP) values of 32.14. With AP 
values greater than 4, it meant that the 
CCD model gave an adequate signal and 
a very good prediction to the oil sorption 
capacity. The coefficient of variation 
(CV) value of the sorbents was 1.47 % 
which was lower than the standard value 
of 10%, thus indicating a very good 
precision and reliabilty.  

 
Table 2: Fit summary Values for the Oil Sorption C apacity by Waste Polypropylene 

Plastics (WPP) 
Std. Dev.     0.22               R-Squared          0.9816 
Mean           14.98               Adj.R-Squared   0.9644 
C.V. (%)       1.47               Pred.R-Squared  0.9184 
                  Adeq. Precision  32.14 

 
3.2.  CCD Response for the WPP 
sorbents 

Presented in table 3 is the CCD 
response of the oil sorption capacity by 
the WPP sorbents. Results indicated that 
the highest oil sorption capacity was 
obtained at the 9th experimental run which 
had a high level of sorbent dosage (3.5g), 
high level of contact time (30 mins), high 
level of initial oil concentration (75 g/L) 

and a low level of temperature (25oC) 
corresponding to 17.23 g/g, while the 
lowest oil sorption capacity was obtained 
at the 23rd experimental run which had a 
low level of sorbent dosage (1.5 g), low 
level of contact time (10 mins), low level 
of initial oil concentration (25 g/L) and a 
high level of temperature (45oC) 
corresponding to 12.34 g/g. 

 
Table 2: Design Matrix and Response for the Oil Sorption capacity by WPP Sorbents  

Run Dosage 
(g) 

Time 
(min) 

Conc. 
(g/L) 

Temp 
(oC) 

OSC 
WPP 
(g/g) 

1 3.50 10.00 75.00 25.00 17.02 
2 3.50 30.00 25.00 45.00 14.68 
3 2.50 20.00 75.00 35.00 16.51 
4 2.50 10.00 50.00 35.00 15.27 
5 1.50 10.00 75.00 45.00 13.89 
6 2.50 20.00 25.00 35.00 14.72 
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7 3.50 30.00 75.00 45.00 15.89 
8 1.50 20.00 50.00 35.00 13.56 
9 3.50 30.00 75.00 25.00 17.13 

10 2.50 30.00 50.00 35.00 15.71 
11 2.50 20.00 50.00 35.00 15.53 
12 3.50 10.00 25.00 25.00 15.06 
13 1.50 30.00 25.00 45.00 12.68 
14 1.50 30.00 75.00 25.00 15.81 
15 3.50 30.00 25.00 25.00 15.40 
16 1.50 30.00 75.00 45.00 14.48 
17 2.50 20.00 50.00 35.00 15.53 
18 1.50 10.00 25.00 25.00 13.32 
19 1.50 30.00 25.00 25.00 13.42 
20 2.50 20.00 50.00 35.00 15.53 
21 2.50 20.00 50.00 35.00 15.52 
22 3.50 10.00 75.00 45.00 15.03 
23 1.50 10.00 25.00 45.00 12.34 
24 2.50 20.00 50.00 25.00 15.14 
25 3.50 20.00 50.00 35.00 15.99 
26 2.50 20.00 50.00 45.00 13.68 
27 2.50 20.00 50.00 35.00 15.51 
28 3.50 10.00 25.00 45.00 14.34 
29 1.50 10.00 75.00 25.00 15.33 
30 2.50 20.00 50.00 35.00 15.51 

       
 
3.3.  Development of regression 
model equations  
 The model equation for the oil 
sorption capacity of the waste 
polypropylene plastics (WPP) sorbents is: 
15.38 + 0.87A + 0.20B + 0.84C - 0.59D - 

0.46A2 + 0.25B2 + 0.38C2 - 0.83D2 + 
8.750E-003AB - 0.13AC - 0.011AD + 
0.058BC + 0.069BD - 0.18CD,                                      
(2) 

 
The sorption process model 

equation is presented from equation 2, 
from the equation it implies that an 
increase in the sorbent dosage, contact 
time and initial oil concentration will 
increase the oil sorption process while an 
increase in temperature will decrease the 

oil sorption process. It could also be seen 
from the equations that the quadratic 
terms of contact time (B2) and initial oil 
concentration (C2), the interaction terms 
of sorbent dosage and contact time (AB), 
contact time and initial oil concentration 
(BC) and finally contact time and 
temperature (BD) all had a synergistic 
relationship with the oil sorption process, 
while the quadratic terms of sorbent
dosage (A2) and temperature (D2) and the 
interaction terms of sorbent dosage and 
initial oil concentration (AC), sorbent 
dosage and temperature (AD) and finally 
initial oil concentration and temperature 
(CD) had an antagonistic relationship 
with the oil sorption process.   
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3.4. Effect of Interaction of two 
Variables on the Oil Sorption Capacity 
3.4.1. Effect of the Interaction of 
Sorbent dosage and Initial oil 
Concentration 

The interaction effect of sorbent 
dosage and initial oil concentration on the 
oil sorption capacity is presented in 
Figure 1. Results showed that increasing 
the sorbent dosage at both high and low 
levels of the initial oil concentration 
produced an increase in the oil sorption 
capacities. The highest oil sorption 

capacity of the interactions occurred at 
high levels of initial oil concentration and 
sorbent dosage, this may be due to more 
enhancement of the bulk movement of the 
crude oil to an already receptive 
biosorbent (Ouasif et al., 2013). Also at 
high oil concentration, oil occupies the 
sorbent surface thus sorption is achieved 
much faster, and with an increase in the 
sorbent dosage, the active surface area is 
also increased thus increasing the sorption 
capacity.  

 
Figure 1: Interaction plot of Sorbate dosage and Initial oil concentration for the oil sorption 

capacity by WPP sorbents. 
 
3.4.2. Effect of the interaction of 
Contact time and Temperature  

Results presented in Figure 2 
showed that increasing the contact time at 
both temperature levels resulted in an 
increase in the oil sorption capacities, 
with the low temperature level giving 
higher sorption capacity than the high 

temperature level. The lower sorption 
capacities at high temperature level could 
be probably due to the fact that at higher 
temperatures, oil starts to be very light 
which leads to release of oil from fibers,
and an increase in the contact time may 
lead to more desorption from the fibers 
(Hussein et al., 2009).  
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Figure 2: Interaction plot of Contact time and Temperature for the oil sorption capacity by 

WPP Sorbents 

3.5. Effect of Interaction of Three 
Variables on the Oil Sorption Capacity 
3.5.1. Effect of Interaction of Sorbent 

dosage, Initial Oil Concentration 
and Temperature on the Oil 
Sorption Capacity 
The cube plot for the effect of 

interaction of sorbent dosage, initial oil 
concentration and temperature on the oil 
sorption capacity is shown in Figure 3.  

Results showed that the lowest oil 
sorption capacity (12.22 g/g) was 
achieved at low sorbent dosage of 1.5g, 
low initial oil concentration of 25 g/L and 
high temperature of 45oC (A-, C-, D+). 
This could be due to low available active 
sites for sorption, low sorbates present 
and low viscosity of the oil particles 
owing from the high temperature. 

 
Figure 3: Cube plot of Sorbate dosage, Initial oil Concentration and Temperature on the oil 

sorption capacity by WPP sorbents 
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3.5.2. Effect of Interaction of Contact 
Time, Initial Oil Concentration 
and Temperature on the Oil 
Sorption Capacity 
The cube plot for the effect of 

interaction of contact time, initial oil 
concentration and temperature on the oil 
sorption capacity is shown in Figure 4.  It 
could be observed from the cube plot that 
the interaction factor of initial oil 

concentration produced the most positive 
effect since all the highest oil sorption 
capacities were obtained at high initial oil 
concentration. This could be due to the 
fact that increasing the initial oil 
concentration increases the number of 
collisions between oil and the sorbents 
which enhances the sorption process 
(Hameed and El-Khaiary, 2008). 

 
Figure 4: Cube plot of Contact time, Initial oil concentration and Temperature on the oil 

sorption capacity by WPP sorbents 

3.6. Diagnostics 
3.6.1 Residuals vs Predicted Values 

The plot of residual versus 
predicted values is presented in Figure 5. 
From the figure, it was evident that there 

was randomly scattered points spread 
around mid-way line without an obvious 
pattern and unusual structure being made 
by this points, this suggests the adequacy 
of the sorption model by WPP sorbents.  
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Figure 5: Residual vs Predicted Values Plot for the Oil Sorption Capacity by WPP sorbents 
 
3.6.2. Outlier vs Run Number 

The number of deviations of the 
actual value from the predicted value was 
determined from the outlier plot. Result 
from Figure 6 revealed that the plot of the 
WPP sorbents had all but one of its points 

within the control limits. Since only one 
outlier was located, it could be inferred 
that it was probably due to a slight 
experimental error inferring that the data 
in this study are acceptable. 

 
Figure 6: Outlier vs Run Number Plot for the Oil Sorption Capacity by WPP sorbents 
 
Conclusion 

The results of this study show that 
waste polypropylene plastics is an 
efficient sorbent for crude oil spillage 
with its maximum sorption capacity 

obtained at 17.23 g/g at conditions of 
3.5g, 30 mins, 75 g/L and 45oC. Results 
from the fit summary and the diagnostic 
studies also indicated adequate fitness of 
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the WPP sorbents for the face- entered 
CCD model. 

 
The use of WPP as sorbents can 

benefit the oil pollution issue with a more 
affordable solution and can also reduce 
the abundance of household waste 
problems. WPP constitutes a cost-
effective sorbent for oil-spill cleanup with 
additional merits of recycling and 
reusability. Further investigation on 
possible fabrication /combination with 
natural fibers which could enhance its oil 
sorption performance and incorporate the 
benefits of biodegradability should be 
encouraged.  
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Abstract 
The present study investigated the potential of acetone pretreatedCalamusdeerratus 
fibre (CDF) on the cure characteristics and physico-mechanical properties of natural 
rubber, standard Nigerian rubber (SNR10) and epoxidized natural rubber, ENR - 20 
vulcanizates. The results of the analyses revealed that both the untreated and acetone -
treated CDF manifested reinforcing effects by enhancing the cure characteristics and 
physico-mechanical properties of the SNR10 and ENR-20 vulcanizates. The maximum 
torque, abrasion resistance, modulus, hardness and specific gravity of the filled 
vulcanizatesincreased while the cure time, scorch time, elongation at break and 
rebound resilience decreased with increasing filler loadings. The tensile strength 
increased to an optimum level, then decreasedthereafter with increasing filler loadings. 
Compared with the untreated CDF reinforced vulcanizates, the cure characteristics and 
physico-mechanical properties of the acetone treated CDF- filled SNR10 and ENR – 20 
vulcanizates were significantly improved. The ENR-20 filled vulcanizates manifested 
higher tensile strength, maximum torque, abrasion resistance, modulus, hardness and 
specific gravity but lower elongation at break, scorch time, cure time and rebound 
resilience than SNR10- filled vulcanizates. 
 
Keywords: Natural rubber, epoxidized natural rubber, acetone 
treatedCalamusdeerratusfibre, fillers and reinforcement.  
 
Introduction 
 Growing concerns about the 
negative impacts of polymers, 
especially carbon black-reinforced 
plastics, and the increasing competition 
in producing cost effective polymeric 
articles in the last couple of years have 
driven scientists, researchers and 
industry players to seek alternative 
reinforcing fillers that are 
environmentally friendly. 
Biodegrdability of plant fibres is 
generally regarded as the most 
important feature of their utilization in 
polymeric reinforcement (Sabaet al, 
2014). This means that plant fibre-
reinforced composites will pose less 
environmental pollution. However, 
natural fillers have some drawbacks; 

these include their hydrophilic 
nature,incompatibility with the polymer 
matrix, low thermal stability, tendency 
to agglomerateduring processing, high 
acidic content, poor wettability,  
relatively large particle size (hence, low 
surface area), poor dispersion, low 
impact strength and processing 
difficulty (Dakhalet al, 2007; Assararet 
al, 2011; Abu-Bakar et al, 2012; 
Anikeet al, 2014 and Shehuet al, 2014). 
All these factors will lead to weak 
interfacial bonding with the polymer 
resulting in poor mechanical strength 
properties of the vulcanizates. 
Nevertheless, research studies have 
shown that plant fibres are amenable to 
modifications because they bear 
hydroxyl groups from the constituent 
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polar molecules (cellulose, 
hemicelluloses and lignin) by different 
physical or chemical treatments (Alixet 
al, 2012; Pongdonget al, 2015). 
 
 Natural rubber exhibits several 
unique properties such as good 
elasticity, resilience, high strength and 
stiffness due to its ability to strain 
crystallize (Yoksan, 2008; Pongdonget 
al, 2015). However, most applications 
of natural rubber is limited due to its 
low stability to heat, oxygen, ozone, 
sunlight and high solubility in 
hydrocarbon oils due to the presence of 
unsaturation in it. The presence of 
unsaturation has long been exploited for 
possible chemical modification of 
natural rubber so as to improve its 
stability and durability(Hoon, 2006; 
Yoksan, 2008; Pongdonget al, 2015). 
One of the products of chemical 
modifications of natural is epoxidized 
natural rubber (ENR) derived from 
partial oxidation of natural rubber by 
reacting its molecules with performic or 
peracetic acid (Osabohien, 2012).  

 
Past research works have 

revealed that the incorporation of plant 
fibres and wastes into the polymer 
matrices have resulted in enhanced 
physical and mechanical properties of 
the polymer vulcanizates(Imanah and 
Okiemen, 2004; Sogbaikeet al, 2005; 
Osabohienet al, 2006; Imoisiliet al, 
2012 and Osabohienet al, 2015). The 
addition of plant fibres into the polymer 
matrix can reduce the overall usage of 
carbon black, thereby increasing the use 
of renewable, value-added, natural 
resources in our environment as fillers 
in rubber compounding. In addition, 
natural fillers have several other 
advantages over carbon black, amongst 
these are; natural abundance, light 
weight, sometimes hardness and 
stiffness, low cost, renewable, non-

abrasive, carbon dioxide sequesteration, 
sustainable ecological and 
biodegradable features (Chandramohan 
and Marimuthu, 2011; Alixet al, 2012; 
Celinoet al, 2014; Sabaet al, 2014 and 
Okohet al, 2014). 
 
 Previous study has shown that 
untreated (raw) Calamusdeerratus fibre 
manifested a reinforcing effect on 
natural rubber (SNR10) vulcanizates 
although inferior to that of carbon 
black-reinforced natural rubber 
vulcanizates(Osabohienet al, 2015). The 
present study attempts to modify both 
the filler (CDF) by pre-treatment with 
acetone solution and the natural rubber 
by converting it to 20% epoxidized 
natural rubber (ENR-20).  And then 
determine the cure characteristics and 
physico-mechanical properties of 
unmodified rubber, SNR10 and ENR-20 
separately filled with industrial grade 
carbon black, N330, the raw and 
acetone-treated CDF. 
 
Materials and Methods  
Materials 
 The materials used for this study 
include Calamusdeerratus obtained 
from local farmers at Agbor, Delta 
State, Nigeria, the natural rubber, 
Standard Nigerian Rubber, constant 
viscosity, CV10 (SNR10) was obtained 
from Footwear Accessories, 
Manufacturing and Distribution 
(FAMAD), Benin City, Nigeria . 
Industrial grade carbon black, N330 was 
obtained from Warri Refinery and 
Petrochemical Company (W.R.P.C.) 
Warri, Nigeria. The epoxidizednatural 
rubber with 20% epoxidation (ENR -20) 
was prepared in Polymer Chemistry 
Laboratory of the Department of 
Polymer Technology, Auchi 
Polytechnic, Auchi, Nigeria. Industrial 
grade compounding additives, rubber 
test equipment were obtained from the 
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Department of Polymer Technology, 
Auchi Polytechnic, Auchi, Edo State, 
Nigeria and Rubber Research Institute 
of Nigeria (RRIN), Iyanomo, Benin.  
 
Methods 
 The epoxidized natural rubber 
(ENR) with 20 mole % epoxide group 
was prepared by directinsitu 
epoxidation reaction of the raw natural 
rubber in latex phase by the action of 
peracetic acid (Hoon, 2006; Osabohien, 
2012).  Calamusdeerratusfibre (CDF) 
was air dried and oven dried at 110 0C 
for about two hours.  The pulverized 

specimen was sieved with a sieve of 
mesh size 212ìm.  The sieved sample 
was separately immersed in a 10% 
solution of acetone for two hours; 
washed with distilled water and dried to 
a constant mass at 120oC. Both the 
acetone-treated and untreated CDF were 
separately packaged in plastic 
containers and labelled. Both samples 
were characterized relative to that of 
N330 by using standard test methods 
(ASTMD-1510, 1983; Horwitz, 2005). 
The SNR10 and ENR-20 were also 
characterized using standard methods 
(RRIM, 1989; SAR, 1998).  

 
 
Compounding of the mixes 
Table 1: Recipe for the formulation of SNR 10 ENR – 20 Compounds 

 
CBSa = N-cyclohexyl-2-benzothiazyl sulphonamide. 
TMQb = 2, 2, 4- trimethyl -1, 2-dihydroquinoline 
 

The rubber compounds were 
prepared using efficient vulcanization 
(EV) system (Table 1).  Both the 
untreated and acetone-treated CDF and 
the industrial grade carbon black, N330, 
were separately mixed with the 
SNR10and ENR-20 rubbers together 
with other compounding additives at the 
different filler loadings and 
compounded on a laboratory size two 
roll mill (160mm x 320mm) maintained 
at 80oC.The cure characteristics (scorch 
time, cure time and maximum torque) 
of each of the uncured compounded 
samples were determined by means of 
Monsanto rheomoter (MDR 2000, 

Wallace Instruments, UK).  The various 
rubber compounds were cured by means 
of a hydraulically operated steam press 
at 180oC and a pressure of 150 kg/cm2.  
 
Evaluation of the Physico-mechanical 
properties of the vulcanizates 
 The determination of the tensile 
properties (tensile strength, elongation 
at break and modulus at 100% strain) of 
the vulcanized rubber samples was 
carried out on Instrontensometer (Model 
4301, Wallace instruments, UK) at 
room temperature at a cross-head speed 
of 500mm/min using the dumb-bell 
shaped test pieces punched out from the 

Ingredients Phr 
Natural Rubber (SNR10 or ENR- 20) 100.0 
Zinc Oxide 4.0 
Stearic acid 2.0 
Processing oil 2.0 
* filler 0 -70 
N-cyclohexyl-2-benzothiazyl sulphonamide (CBSa) 2.0 
2, 2, 4- trimethyl -1, 2-dihydroquinoline (TMQb) 1.5 
Sulphur 1.5 
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moulded rubbers in accordance with 
standard procedure (ASTMD412-16, 
2016) The hardness and specific gravity 
of the vulcanizates were tested using the 
Monsanto Duratron (Model 2001, 
Wallace Croydon, UK) and Monsanto 
Densitron (Model 2000, Wallace 

Instruments, UK) respectively. The 
rebound resilience and abrasion 
resistance of the vulcanizates were 
determined by means of Monsanto 
Tripsometer and the Akron abrader 
(Wallace Instruments, UK) 
respectively(BS 903, 1983). 

 
RESULTS AND DISCUSSION  
Physico-chemical properties of the rubbers, SNR10 and ENR-20 
Table 2: Physico- chemical Properties of SNR10, ENR – 20, SAR10 SMR5 
Natural Rubber SNR-10 ENR-20 SAR10 SMR5 
Dirt content (%) 0.03 0.01 0.02 0.05 
Ash content (%) 0.20 0.25 0.22 0.50 
Volatile matter 0.21 0.20 0.40 1.00 
Nitrogen content 0.20 0.18 0.25 0.70 
Plasticity Retention Index (PRI) 70.96 86.00 67.00 - 
Mooney Viscosity, ML(1+4) 100 OC 85.00 96.00 70.00 60.00 
 

The data in Table 2 summarize 
the physico-chemical properties of the 
natural rubber, Standard Nigerian 
Rubber (SNR10) and Epoxidized Natural 
Rubber (ENR-20) used in this study in 
comparison with Standard African 
Rubber, CV 10 (SAR10) and Standard 
Malaysian Rubber, CV 5 (SMR5). The 

values of thedirt content, ash content, 
nitrogen content, volatile matter, 
plasticity retention index (PRI) and 
Mooney viscosity of the SNR10 and 
ENR – 20 rubbers compared favourably 
with those of SAR10 and SMR5, thus 
suggesting that both rubbers are of good 
quality(RRIM, 1989;SAR, 1998). 

 
Physico-chemical properties of the fillers 
Table 3: Physico- chemical properties of CB (N330) and CDF Filler 
Filler CB(N330) CDF Acetone 

treated CDF 
% moisture content at 120oC 1.30 2.25 1.50 
% loss on ignition at 1000oC 93.0 80.0 85.0 
Iodine Adsorption Number (mg/g) 78.50 56.20 62.10 
pH of aqueous slurry 6.80 5.90 6.20 
Magnesium (ppm) Trace 53.10 31.30 
Sodium (ppm) Trace 51.20 20.10 
Potassium (ppm) Trace 16.10 10.50 
Iron (ppm) Trace 23.40 17.30 
Chlorine (ppm) Trace 17.80 10.10 
Density (g/cm3) 1.80 1.30 1.20 
 

The data in Table 3 show the 
physico-chemical properties of the 
fillers, namely Calamusdeerratus fibre 
(CDF) and carbon black, N330. The 
parameters studied include moisture 

content, loss on ignition, iodine 
adsorption number, pH of the aqueous 
slurries, density,metallic and non-
metallic contents. The results of the 
analyses revealed that the plant fibre, 
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CDF, had higher moisture content than 
N330.Similar observations have been 
documented in previous studies 
(Osabohienet al, 2006, 2015). 
Researchers have shown that the most 
relevant differences between plant 
fibres and carbon black is their response 
to humidity; carbon black is considered 
non-hygroscopic, whereas plant 
materials have pronounced hygroscopic 
behaviour (Dakhal, 2007; Celinoet al, 
2014).In plant fibres, the components 
which have polar groups that are 
responsible for absorbing moisture are 
cellulose, hemicelluloses, and lignin. In 
humid conditions, hygroscopic 
behaviour of such fibres leads to high 
level of moisture absorption.  High 
moisture content of filler may lead to 
poor adhesion between the filler and 
polymer matrix, thereby resulting in 
poor mechanical properties of 
vulcanizates(Okohet al, 2014).The 
hydroxyl groups in cellulose has the 
potential to associate with each other 
through hydrogen bonding to form a 
strong network thereby reducing the 
activity towards the polymer matrix. 
This can also lead to processing 
difficulty since the cellulose 
microfibrils tends to agglomerate during 
compounding(Dhakalet al, 2007; 
Celinoet al, 2014). 
 
 The results also revealed that 
N330 had higher weight loss on ignition 
at 1000oC than CDF, this means higher 
content of carbon orcarbonaceous 
materials, similar to previous reports 
(Imanah and Okieimen, 2004; 
Osabohienet al, 2006 & 2015). Several 
research studies have shown that the 
reinforcing potential of plant fibres and 
materials could be increased 
dramatically through carbonization 
(Okieimen and Imanah, 2005; 
Osabohien, 2010). 

The iodine adsorption number of 
a filler is a relative measure of its surface 
area, hence its particle size. The results 
of the analyses showed that N330 had 
higher iodine adsorption number, 
meaning that N330 had a larger surface 
area (hence smaller particle size) than 
CDF. It has been well documented in 
related literatures that the particle size 
(surface area) of a filler is the most 
important parameter determining its 
reinforcing ability (Osabohien and 
Egboh, 2007). A reinforcing fille r must 
have very small particle size of less than 
1000nm in order to maintain a very 
strong surface contact with the polymer 
matrix. In a related study to investigate 
the effectiveness of powdered charcoal 
made from rice husk as a reinforcing 
filler for styrene-butadiene rubber 
(SBR), Yamashita and Ta naka (2005) 
did not observe any significant 
reinforcing effect by the unburnt rice 
husk due to its large particle size which 
was greater than 50nm, but powdered 
carbonized rice husk of particle size of 
about 1.0nm produced a reinforcing 
effect almost equivalent to that of carbon 
black. The larger the particle size of a 
filler, the weaker the filler-polymer 
matrix interactions and the poorer the 
mechanical strength properties of the 
resulting vulcanizates. Thus it has been 
postulated that the smaller the particle 
size of a filler,the higher the strength 
properties (Okieimen and Imanah, 2005; 
Osabohien, 2010).  
 
 The results of the analyses 
further revealed that the aqueous slurry 
of CDF with a pH of 5.90 was more 
acidic than that of N330 of pH 6.80. 
Acidity has been shown to affect 
reinforcement and vulcanization 
processes, highly acidic fillers retard 
both vulcanization and scorch time 
leading to poor mechanical properties of 
the vulcanizates(Okohet al, 2014). The 
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results also showed the various metallic 
and non-metallic constituents of the 
plant fibre, CDF (Table 3). It has been 
observed in previous research studies 
that the presence of surface active 

groups could contribute to the surface 
activity of a filler and hence influence 
its reinforcing potential (Osabohien and 
Egboh, 2007; Osabohienet al, 2015).  

 
Cure characteristics of SNR10 and ENR-20 vulcanizates 
 

 
 
Figure 1: Scorch time of rubber composites as a function of volume fraction of fillers 

Figure 2: Cure time of rubber composites as a function of volume fraction of fillers 
 
 The data inFigures 1-3 showed 
the results of the analyses of the cure 
characteristics (scorch time, cure time 
and maximum torque, Tmax) of SNR10 
and ENR-20 vulcanizates filled with 
N330, untreated and acetone treated 

CDF at different filler loadings. The 
results revealed that the scorch time and 
cure time of both SNR10 and ENR-20 
vulcanizates filled with N330 and both 
the untreated and acetone- treated CDF 
materials decreased while the maximum 
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torque (Tmax) increased with increasing 
filler loadings consistent with earlier 
research reports (Sogbaikeet al, 2005; 
Osabohienet al, 2015). The lower 
scorch times and cure times of N330- 
filled ENR-20 vulcanizatescompared to 
N330-filled SNR10vulcanizates may be 
due to the additional (ether) crosslinks 
formed via the sulphur-acid catalyzed 
ring opening of the epoxide groups that 
occurred during vulcanization which 
probably produced cure enhancement.  
The results further showed that the 
scorch times and cure times of both the 
acetone-treated and untreated CDF 
filled ENR-20 and SNR10vulcanizates 
were higher than N330 filled SNR10 and 
ENR-20 vulcanizates. This difference 
may probably be due to the larger 
particle size (hence lower surface area), 
higher moisture content, higher acidity, 
higher metal oxides content and other 
impurities of CDF as compared to N330 
(Table 3). This observation has been 
asserted by earlier research reports 

(Okieimen and Imanah, 2005; 
Osabohienet al, 2015). It was also 
observed that the scorch times and cure 
times of the SNR10 and ENR-20 
vulcanizates filled with untreated CDF 
were higher than SNR10 and ENR-20 
vulcanizates filled with acetone – 
treated CDF. This may be due to the 
fact that the acetone solution activated 
or removed the metal oxides and the 
hydroxyl and other polar groups on the 
fibre surface that may interfere with the 
vulcanization process and slow down 
the curing (cure retardation).  The 
increase in maximum torque (Tmax) with 
increase in filler leadings suggests that 
there is a good interaction and good 
interfacial bonding between both fillers, 
N330and CDF with the rubber matrix. 
Maximum torque is a measure of 
stiffness and determines the degree of 
crosslinking in vulcanizates, the higher 
it is, the higher the crosslinking and 
stiffness. 

 

 
 
Figure 3: Maximum torque of rubber composites as a function of volume fraction of 
fillers 
 

Tmax values of N330- filled and 
CDF-filled ENR- 20 vulcanizates were 
higher than that of filled SNR-

10vulcanizates.  This may be due to the 
formation of additional (ether) 
crosslinks via the sulphur acid catalyzed 
ring opening of the epoxide groups 
during vulcanization which probably 

stiffened the ENR-20 vulcanizates, thus 
restricting the free mobility of the 
macromolecular chains. The larger 
particle size, higher moisture and acidic 
content of the CDF probably reducedthe 
degree of dispersion into the rubber 
matrix resulting in low degree of 
crosslinking and low restriction to the 
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flow of macromolecular chains and 
hence lower torque values (Osabohienet 

al, 2011; Osabohien, 2012; Okohet al, 
2014). 

 
Physico-mechanical properties of filled SNR10 and ENR- 20vulcanizates 

 
 

Figure 4: Specific gravity of rubber vulcanizatesas a function of volume fraction of 
fillers 

 
 
Figure 5: Abrasion resistance (%) of rubber vulcanizates as a function of volume of 
fraction of filler 

 
Figure 6: Rebound resilience (%) of rubber vulcanizates as a function of volume 
fraction of fillers 
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Figure 7: Hardness of rubber vulcanizates as a function of volume fraction of filler 

 
The results of the specific 

gravity, abrasion resistance, rebound 
resilience, tensile strength, modulus, 
hardness and elongation at break of 
SNR10 and ENR-20 reinforced with 
N330, the untreated and acetone treated 
CDF fillers at different loadings were 
presented in Figures 4-10. The specific 
gravity, abrasion resistance, modulus 

and hardness increased while the 
rebound resilience and elongation at 
break of all the CDF and N330-
reinforced SNR10 and ENR-20 
vulcanizates decreased with increasing 
filler content consistent with 
documented research reports 
(Osabohienet al, 2011; Osabohien, 
2012).  

 
 

 
 
Figure 8:  Tensile strength of rubber vulcanizates as a function of volume 

fraction of filler 
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Figure 9:  Modulus of rubber vulcanizates as a function of volume fraction of filler 
 

 
 
Figure 10:  Elongation at break of rubber vulcanizates as a function of volume 
fraction of filler 
 

The tensile strength of both 
reinforced systems increased with 
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respectively for N330-filled and CDF- 
filled SNR10 and ENR-20 vulcanizates) 
were reached. A further increase in 
filler content decreased the tensile 
strength. These observations are 
consistent with earlier research findings 
(Imanah and Okieimen, 2004; 
Osabohien and Egboh, 2008; Okohet al, 
2014). The decrease in tensile strength 
after attaining certain optimum value 
may be attributed to dilution effect, 
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diminishing volume fraction of the 

rubbers in the vulcanizates or 
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which may occur during compounding 
to form a domain which can act to 
prevent or decrease filler-polymer 
matrix adhesion. The number of 
agglomerates increases as loading 
increases.  Researchers have postulated 
that the dilution effect was due to lack 
of enough polymer matrix to hold the 
filler together which is a phenomenon 
of phase inversion (Osabohien and 
Egboh, 2007 & 2008; Osabohien, 
2010). The results however showed that 
both the untreated and acetone-treated 
CDF manifested lower reinforcing 
effects than N330filler as indicated by 
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the lower tensile strength, modulus and 
abrasion resistance but higher 
elongation at break and rebound 
resilience of the SNR10 and ENR-20 
filled vulcanizates. These differences 
may be due to filler- related parameters. 
The larger particle size (hence smaller 
surface area), higher acidic and 
moisture contents, greater tendency to 
agglomerate and metal oxide contents 
of CDF could have led to poor wetting 
and dispersion of the fibre with the 
rubber matrix leading to a weak 
interfacial bonding between the CDF 
and rubber matrix. The presence of 
agglomerates in fillers is believed to 
deteriorate the mechanical properties of 
the polymeric compounds (Mohamad et 
al, 2008). N330 has smaller particle size 
(larger surface area), lower acidic 
content (Table 3), and may have less 
tendency to agglomerate than CDF, 
hence it exhibits greater reinforcing 
effects than CDF. Also, the smaller the 
particle size (hence the larger its surface 
area), the greater the filler-elastomer 
interactions and the greater thetendency 
to impose extra resistance to the flow of 
macromolecular chains of the 
polymer(Wolff et al,1993; Osabohienet 
al, 2015).This implies an increased 
resistance of the vulcanizates to 
stretching on the application of strain. 
This probably explains why N330- 
filled ENR-20 and SNR10vulcanizates 
had lower rebound resilience and 
elongation at break than both CDF- 
filled ENR-20 and SNR-vulcanizates. 
The results also showed that the 
untreated CDF manifested lowest 
tensile strength, modulus, abrasion 
resistance and hardness but highest 
rebound resilience and elongation at 
break than the acetone- treated CDF and 
N330 filledvulcanizates, which may be 
due to a weaker filler-polymer matrix 
adhesion and weaker interfacial bond 
strength of the untreated CDF. Several 

research reports have shown that 
physical or chemical treatment of plant 
fibres/materials prior to their 
incorporation into the polymer matrix 
not only decreases their 
hygroscopicitybut also concomitantly 
increases the interaction of the 
fibre/material with the polymer matrix 
(Yamashita and Tanaka, 2005; Abu -
Bakar et al, 2012; Anikeet al, 2004; 
Sabaet al, 2014; Pongdonget al, 2015). 
Thus, pretreatment of CDF with acetone 
solution probably removed all acetone 
soluble constituents from the fibre.  
This would leave increased pore 
volumes and a surface which is both 
rough and irregular thereby increasing 
the fibre-polymer matrix interfacial 
adhesion, hence the observed higher 
strength properties of the acetone-
treated ENR-20 and 
SNR10vulcanizateswhen compared with 
the raw CDF-filled ENR-20 and 
SNR10vulcanizates [Figures 4-10]. 
 
 The results also showed that the 
physico-mechanical properties of 
SNR10vulcanizates of both N330 and 
CDF were inferior to that of the ENR-
20 vulcanizates.  This observation may 
probably be due to the additional (ether) 
crosslinks produced in ENR-20 
molecules as a result of the acid-
catalyzed ring-opening of the epoxide 
groups in the ENR-20 
backbone(Osabohienet al, 2011; 
Osabohien, 2012). The results further 
revealed that CDF- filled SNR10 and 
ENR-20 vulcanizates manifested 
slightly higher hardness property than 
the N330-filled SNR10 and ENR-20 
vulcanizates. This may be due to some 
kind of fibre (polymer) – rubber 
(polymer) interactions between the filler 
(fibre) and the rubber to give enhanced 
stiffness and hardness results 
(Osabohien and Egbon, 2008; 
Osabohien, 2012). 
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CONCLUSION 
 The main objective of this study 
was to determine the potential of 
acetone- treated Calamusdeerratus fibre 
(CDF), as alternative reinforcing filler 
to carbon black in natural rubber and 
epoxidized natural rubber compounds. 
The results of the analyses showed that 
both the untreated and acetone treated 
CDF manifested reinforcing effects by 
enhancing physico-mechanical 
properties of the SNR10 and ENR-20 
vulcanizates. 
 
 The physico-mechanical 
properties of ENR-20 and 
SNR10vulcanizateswere however 
significantly improved by the 
incorporation of the acetone- treated 
CDF compared with the untreated (raw) 
CDF. Furthermore, the superior 
hardness results for CDF-filled 
vulcanizates coupled with the lower 
specific gravity could be advantageous 
in applications requiring light weight 
and improved hardness.  
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Abstract: 
Special mechanical performance properties of leather depends on the fields of use (especially 
shoes and leather goods) and specific performance characteristics of the leathers. 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. 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 16.40MPa at 10% degree of sulphation, 
percentage elongation of 105.30% and a distension of 13.75mm were obtained respectively. 
Therefore, as a result of the high tensile strength of 14.98 MPa and 16.40 MPa at 8% and 
10% degree of sulphation respectively, the fatliquored leather can be used for leather goods 
such as: clothing leather, wallet s, key holder, bags  and Automated Teller Machine (ATM)  
card pack. Also, the distension properties of the leather at 13.75mm, indicated the use of the 
fatliquored leather for shoe upper leather.  
 
Keywords: Fatliquor, Ball -burst, Lophira lanceolata seeds oil, Sulphonic acid, ATM. 
 
1.0 INTRODUCTION 
The term leather goods generally refer to 
leather accessories such as: wallets, bags, 
belts, key holders, ATM card pack  etc. 
Leather and leather goods are one of the 
most widely traded goods in the world 
with an annual estimated global trade 
value of around $170 billion (Mohammad 
and Mahtab, 2018). Special mechanical 
performance properties of leather depends 
on the fields of use (especially shoes) and 
specific performance characteristics of the 
leathers (Urbanija et 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). 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 (Cuq et al., 1998). Fatliquor is 
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).  
 
2.0 MATERIALS AND METHODS  
2.1 Materials 
i. Modified Lophira seed oil 
ii. Fatliquored leather 
2.1 Tensile Strength  
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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. 
 
2.2 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).  

 
3.0 RESULTS AND DISCUSSIONS  
3.1 Result of Tensile Strength (6% Offer)  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Tensile strength of leathers fatliquored with sulphated Lophira seed oil (6% 
Offer) 
 
The tensile strength of the manufactured 
leather with the synthesized fatliquor 
increases with increase in the degree of 
sulphation, however Figure 4.6 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 
decrease in the TS of the leather at 4% 
degree of sulphation could be due to the 
variation in the toughness of the animal 
skin before processing. The result 5% 

fatliquor offer of 2%, 4%, 6%, 8% and 
10% degree of sulphation produced results 
that are less than that of the control 
fatliquor (commercial fatliquor). 18.97 
MPa is the optimum tensile strength of the 
leather fatliquored with the manufactured 
fatliquored at 6% fatliquor offer. The 
results obtained is closely in agreement 
with the UNIDO recommendation of a 20 
MPaminimum of tensile strength for shoe 
upper leathers(UNIDO, 1996).  
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3.2 Ball-burst Distension Properties of the Fatliquored Leather 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3: Distension of Leather fatliquored with sulphated Lophiraoil (6% offer) 
 
The reason for this test method is to 
determine the grain crack force (load) and 
distension of leather when used for shoe 
upper. Shoe upper leather often shows 
slight 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 4.7 and figure 4.8 
that the highest distension of the 
fatliquored leather at various degree of 
sulphation and percentage offer was at 5% 
offer of the fatliquor and consequently at 8 
and 10% degree of sulphation with a 

distension value of 12.13 mm, load of 
48.12 Kg and 63.27 Kg. The commercial 
fatliquor yield a distension of 13.75 mm at 
67.55Kg of load. Although, the highest 
load was 80.01 Kg at 4% offer and 10% 
degree of sulphation, but the distension 
value of 11.75 mm is low compared to 
12.13mm at 5% offer and 10% degree of 
sulphation. This is an indication that 
fatliquor agent has the ability to enhanced 
the ball-burst property of the leather 
during retanning processes as reported by 
Wintana (2014). 

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

2   6    33.79 
4   6    47.42 
6   6    86.08 
8   6    95.30 
10   6    43.55 
Control Z   6    64.63 

 
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 4.6 is the result of 
percentage elongation at 4, 5 and 6% offer 
for 2, 4, 6, 8 and 10% degree of 
sulphation. In the study, leathers 
fatliquored with the produced fatliquor 

gave the highest value 95.30% elongation 
at break at 6% offer and 8% Degree of 
sulphation. Whereas, the leather obtained 
with commercial fatliquor gave highest 
value of 64.63%. 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 
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of the fatliquored leathers and this is a 
prove that, the leather fatliquored with 
Lophira fatliquor has a high percentage 
elongation as compared to the standard. 
 
Conclusion 
In conclusion, the production of sulphated 
fatliquor from locally available raw 
material of Lophira lanceolata seed oil 
through sulphation reaction has been 
investigated at five different degree of 
sulphation to determine their iodine value, 
saponification value, acid value, functional 
groups and stability. The outcome of the 
experiment conducted were analysed 
according to the sulphated fatliquor have 
the best stability which can be used for 
application on leather. The stability test 
indicated that 6%, 8% and 10% degree of 
sulphation are the most stable based on the 
different solution of salts and solvent. 
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Appendix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plate I: An ATM Card Pack manufactured from the fatliquored leather  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plate II: A wallet manufactured from the fatliquored leather  
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Plate III: A Key holder manufactured from the fatliquored leather 
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ABSTRACT 
The creep recovery and thermodynamic mechanical properties of pristine polypropylene (PP), 
blends without filler (PP/PS/PVAc), blend with filled with calcium carbonate (B/CaCO3) and that 
filled with Ficus polita seed powder (B/FPSP) were reported in this study. The blends with and 
without filler were prepared by melt blending and compression moulding technique. The prepared 
analytes with and without filler of different composition and filler loading (100/0, 80/15/5, 
60/30/10, 40/40/20, B1/CaCO3, B2/CaCO3, B1/FPSP and B2/FPSP) were characterised for creep 
recovery and thermodynamic mechanical properties. Comparative studies were made  on the creep 
measurement and the thermodynamic mechanical properties of the neat PP and the blends with 
and without fillers. Creep recovery, thermal Stability and stiffness of the blends were advanced for 
creep recovery, storage modulus and activation energy. The excellent results were found for bl end 
filled with 20 g Ficus polita seeds powder (B2/FPSP) 1069.70 ìm creep recovery, 2990.611 MPa 
storage modulus and 29844.119 kJmol -1 activation energy.  
 
Keywords: Blend, filler, creep recovery, thermodynamic mechanical analysis and compression 
moulding technique 
 
INTRODUCTION 
The rapid increase in the use of blends is one 
of the most important features of the polymer 
industry over the last few years. More 
recently, considerable research effort in 
polymer blends and alloys in both academia 
and industry has led to a mushrooming 
growth of the patent and scientific literature. 
The miscibility between the constituents of 
the polymer mixture is an important factor in 
the development of new materials based on 
polymeric blends. Miscibility is defined as 
the ability to be mixed at molecular level to 
produce one homogenous mixture Mohan et 
al., (2011). In the search for new polymeric 
materials, either new monomers are 
polymerised or co-polymerisation techniques 
are used to tailor a new product. An 

alternative method has been to blend existing 
polymers. Mixing together of two or more 
different polymers or co-polymers is known 
as blending. Blending is a process somewhat 
similar to compounding. In a polymer blend, 
the constituent polymers are usually present 
in significant weight or volume proportions 
with respect to each other, but seldom in 
equal proportions Mohan et al., (2011). An 
obvious advantage of this approach is that it 
requires little or no extra capital expenditure 
relative to new polymers. It is also possible to 
produce a range of materials with properties 
completely different from those of the blend 
constituents. It is well known that the 
viscoelastic behaviour of polymers is 
determined by many factors, including the 
inherent structural factors which are mainly 
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related to the chain rigidity, crystalline 
structure, orientation and phase morphology, 
and the external factors which are mainly 
related to the environmental temperature, 
external force and the observation time (Liu 
et al., 2016). Formal deformation is time-
independent while the latter deformation is 
time-dependent. Generally, if the observation 
time is much smaller than the relaxation time 
during the creep measurement and the 
viscous flow of molecular chains is avoided, 
the sample mainly exhibits the instantaneous 
elastic deformation and viscoelastic 
deformation (Liu et al., 2016).  
 
According to Kumar et al.,  (2016) Polymers 
are viscoelastic materials and exhibit time-
dependent or temperature deformation or 
relaxation when subjected to a constant stress 
or strain. While creep is a measure of increase 
in strain with time under a constant stress, 
stress relaxation is the reduction of stress 
with time under a constant strain (Adeosun, 
2013). Therefore, creep and stress relaxation 
tests measure the dimensional stability of a 
polymer over time. Such tests are of great 
importance for Chemists and engineers, 
particularly if a polymer must be in service 
under stress and strain for long periods. There 
are three major variables that affect the rate 
of creep and stress relaxation. These are 
molecular mobility, stress/strain level and 
time. Because increasing temperature 
generally increases molecular mobility, it is 
also a major factor. At very high stress/strain  
or temperature, creep/stress relaxation 
development is too fast to be qualified. 
Therefore, load and temperature should be 
suitably chosen for their studies in order that 
measurements can be made over a significant 
period of time (Liu et al., 2016).  
Polypropylene (PP) and polystyrene (PS) and 
Polyvinylacetate (PVAc ) are among the 
commodity polymers and the volume leader 
in the polymer industrial field. The non-sharp 
glass transition temperature, poor impact 

strength at low temperature and low 
environmental properties of PP can be 
improved by blending PP with PS and PVAc  
Jiang et al., (2019). Dynamic mechanical 
analysis (DMA) is an important technique 
used to indicate molecular relaxation 
dynamics of polymeric materials Robert 
(2012). Dynamic mechanical analysis 
(DMA) tests were used to determine the shift 
factors with only the storage modulus curves 
ignoring other viscoelastic parameters (Dan-
asabe, 2016). The principle of DMA 
measurement is such that, a sinusoidal stress 
is applied and the corresponding strain in the 
material is evaluated, allowing one to 
determine the storage modulus, loss modulus 
and loss tangent or damping Factor. By 
studying the dependence of these parameters 
on temperature or frequency, it is possible to 
show the dynamic mechanical properties 
(such as thermodynamic transitions and other 
molecular relaxation) of the materials and 
their applications Ji-Zhao (2020).  and Jun 
(2018). The Elastic (Storage) Modulus: 
Measure of elasticity of material. Due to the 
visco-elastic nature of blend and composite 
materials, analysis of creep behaviour is vital 
in understanding equilibrium strain rate. 
Dan-asabe et al., (2015), investigation of the 
thermo-mechanical characterisation of 
banana particulate reinforced PVC composite 
as piping material and established that, better 
creep stability was obtained at 50/50 
polyvinylchloride to banana peeled 
particulate composite composition. It was 
also reported by Khan (2008) the 
viscoelasticity of 
polypropylene/polyethylene blends and the 
creep stress increases with increasing time at 
constant load. According to the report given 
by Razavi-Nouri, (2006) reported that the 
creep and creep relaxation time of PP/m-
LLPE (50/50) composition were better than 
that of pure PP. Liu et al., (2016) conducted 
a research on the Eenhancement of tensile 
creep stability of immiscible poly(L-
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lactide)/poly(ethylene vinyl acetate) blends 
achieved by adding carbon nanotubes  
concluded that the creep stability of the 
immiscible blend is apparently enhanced by 
adding (Carbon  nanotubes) CNTs. The 
mechanisms for the enhanced creep stability 
were are suggested to be related to the 
interfacial location of CNTs at the blend 
interface, the formation of the percolated 
CNT network structure. Liu et al., (2016). 
Another research titled “creep behaviour of 
PS/PMMA blend by compression molding 
creep behaviour of PS/PMMA blend by 
compression molding, revealed that the creep 
deformation increases with increasing time at 
constant creep stress (100 Pa and 1000 s) and 
decreases at (100 Pa and 7000 s). Masaoki et 
al., (2016). Martien and Karin (2019) carried 
out an investigation to determine the creep 
deflection of Wood Polymer Composite 
profiles (WPC) at 20 ?  and at load 850 N 
conditions and reported that the creep 
deflection progresses steadily but slowly and 
creep deflection rate decreases with time 
proceeding, which is in particular visible for 
sample coded WPC-3. They further stated, at 
these conditions the creep deflections 
increase significantly for all three WPCs with 
WPC-3 showing high deflection rate during 
the first days, followed by much slower rate 
during the next period. WPC-1 shows high 
progressive creep deflection for 2 samples 
during the entire test temperature and period 
(50 ?  and three weeks). At 20 ?  the curves 
show steady but slow creep rate, whereas at 
50 ?  creep rates were are higher than of the 
neat PVAc, in particular for WPC -1 and 
WPC-3. WPC-3 shows high creep rate during 
early stage, but strain rate levels off at longer 
term. Other Authors observed similar results, 
epoxy plasticized with polyvinylacetate 
saturated with water had a higher creep 
compliance as compared to the plasticized 
blends without saturation with water in a 
research Time–Temperature–Plasticization 

Superposition Principle to Predict creep of a 
plasticized epoxy conducted by (Anstey et 
al., 2019).  
 
MATERIALS AND METHODS  
Polypropylene was supplied by Dushanzi 
Chemical Company, China, as the major 
polymer with the trade name PP, T30s  with 
density 0.91 g/cm3 , melt flow index 2.8 g/ 10 
min and 230 °C, 2.16 kg accordingly. The 
Polystyrene, PS, molecular weight of 
approximately 100, 000, (Trade name 5250) 
was purchased from BDH Chemical limited, 
England. The melt flow rate is 7 g/10 min 
(200 oC/5 kg). The Polyvinylacetate (PVAc), 
with chemical formula (C4H6O2)n with 
molecular weight 1900, viscosity of 8.8 w/w 
% solution in toluene at 20 °C 5-7cS and its 
softening point is 105 °C, was supplied by 
Sigma Aldrich. The Calcium carbonate 
CaCO3, with molecular weight of 100.09 
gmol-1 was purchased from Fisons Plc, 
Middlesex, England, Scientific, Equipment 
Division. The Ficus polita seeds were 
obtained locally from Samaru in Sabon Gari 
Local Government, Kaduna State, Nigeria. 
 
Sample Preparation 
Preparation of Terna ry blends  
Mixing, compounding and pressing of 
PP/PS/PVAc with and without filler  
 A roller (two roll mill) was used the PP, PS 
and PVAc processing temperatures were set 
with that of PP at 170 ? , PS at 170 -180 ?  
and PVAc at 150 oC respectively. The nip of 
the rollers was adjusted and the polymers 
were subsequently poured on the nip, after 
total melting had been attained. When a 
homogeneous mixture was achieved, the 
compounded sample was sheeted out for 
further processing. The compounding was 
done based on the formulation proposed by 
Mamza  (2011), according to Table  1 and 2. 
Pressing was done by compression moulding 
technique at the rate of 190 oC/4 Pa/hour. 
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Table of formulation (1) 
The composition of poly (propylene)/poly (styrene)/poly (vinyl Acetate) blend without filler 
S/NO Blend ratios  

PP/PS/PVAc  
Wt  of PP Wt of PS Wt  of PVAc  

 
1 100/0/0 100 0 0 
2 50/20/30 50 20 30 
3 50/25/25 50 25 25 
4 50/30/20 50 30 20 
5 50/35/15 50 35 15 
6 50/40/10 50 40 10 
7 60/20/20 60 20 20 

 
Table of formulation (2) 
The composition of poly (propylene)/poly (styrene)/poly (vinyl acetate) blend with CaCO3 and 
FPSP 
S/N Filler loading 

(g) 
PP/PS/PVAc  
(g/g/g/) 

B/CaCO3(g) B/FPSP 

1 0 100/0/0 100/0/0/0 100/0/0/0 
2 10 85/15/5 85/15/5/10 85/15/5/10 
3 20 70/20/10 70/20/10/10 70/20/10/10 
4 30 60/20/20 60/20/20/30 60/20/20/30 
5 40 50/30/20 50/30/20/40 50/30/20/40 

Key: FPSP = Ficus polita seed powder 
 
Method  
Creep measurements and dynamic 
mechanical analysis were conducted using 
DMA 242E machine in strength of materials 
laboratory of mechanical engineering, 
A.B.U. Zaria (ASTM D7028, 2015). The test 
parameters were first configured via the 
Proteus software using personal computer. 
Instruments set up comprised up of the 
sample holder (3-point-bending), furnace 
temperature (range of 30–70? ) 
thermocouple and measurement mode by 
using an apparatus equipped with a 
mechanical stress amplifier (lever) 10:1. A 
mechanical strain gauge (with an accuracy of 
about 2 mm) was connected with the upper 

clamp of the specimen to indicate the 
displacement. Specimen dimensions used 
during the creep and dynamic mechanical 
test, the static load was set at 2.18 N. Sample 
specimens of dimension of 50.000  ×  
11.5000 ×   2.600 mm were produced for each 
test. The samples were loaded on to the 
machine using a three-point-bending sample 
holder and subsequently locked into the 
furnace Mechanical preconditioning 
preceding the series of short-term creeps 
consisted in applying a stress (for 90 min) 
equal to or higher than the highest stress 
applied in the series of the creep 
measurements dynamic mechanical analysis 
was used. 
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Results and Discussion   
Table 3: Result of storage modulus of PP and blends with and without filler at (2.5 Hz, 5.0 
Hz and 10.0 Hz) 
S/N Blend composition 

(g/g) 
Onset temperature 
((oC))  

Tg 
(oC) 

E'/MPa(2
.5 Hz) 

 

E'/MPa(5 
Hz) 

 

E'/MPa(10 
Hz) 

 
1 PP  49.1 67.1 843.3099 858.5347 871.1108 
2 Bo/5 PVAc  56.0 64.9 2892.001 2945.014 2990.611 
3 B1/10 CaCO3 48.3 52.2 1080.396 1127.326 1171.576 
4 B2/20 CaCO3 48.6 57.8 2365.503 2457.247 2539.618 
5 B1/10 FPSP 48.5 51.1 1774.250 1856.733 1926.961 
6 B1/20 FPSP 47.8 52.3 2820.802 2902.509 2969.362 

 
Table 4: Result of loss modulus of blends with and without filler at (2.5 Hz, 5.0 Hz and 10.0 
Hz) 
S/N Blend composition 

(g/g) 
Onset temperature 
((oC))  

Tg 
(oC) 

E''/MPa 
(2.5 Hz) 

 

E''/MPa 
(5 Hz) 

 

E''/MPa (10 
Hz) 

 
1 PP  49.1 67.1 50.97819 48.77086 47.43922 
2 Bo/5 PVAc  56.0 64.9 177.0054 167.3494 167.7713 
3 B1/10 CaCO3 48.3 52.2 135.7481 123.7299 115.0259 
4 B2/20 CaCO3 48.6 57.8 269.7594 242.2185 225.9903 
5 B1/10 FPSP 48.5 51.1 208.6029 190.8188        179.6307 
6 B1/20 FPSP 47.8 52.3 225.6885 203.0777 192.0895 

 
Table 5: Result of Tan  ä of blends with and without filler at (2.5 Hz, 5.0 Hz and 10.0 Hz) 
S/N Blend composition 

(g/g) 
Onset temperature 
((oC))  

Tg 
(oC) 

 Tanä 
(2.5 Hz) 
 

 Tanä  
(5 Hz) 
 

 Tanä  
(10 Hz) 
 

1 PP  49.1 67.1 0.09880 0.08890 0.08770 
2 Bo/5 PVAc  56.0 64.9 0.11226 0.10074 0.10053 
3 B1/10 CaCO3 48.3 52.2 0.22722 0.19854 0.19804 
4 B2/20 CaCO3 48.6 57.8 0.20635 0.17704 0.18269 
5 B1/10 FPSP 48.5 51.1 0.23827 0.20669 0.20947 
6 B1/20 FPSP 47.8 52.3 0.22797 0.20538 0.20539 

 
 
Table 6: Results of Activation energy of the prepared blend with and without filler 
Blend composition (g) Maximum activation energy 

(kJmol-1) 
Temperature range (? ) 

PP 819.357 40-100 
B/5 PVAc  2450.401 40-99.8 
B1/10 CaCO3 6631..903 40-100 
B2/20 CaCO3 1323.623 40-100 
B1/10 FPSP 10528.942 40-100 
B2/20 FPSP 98440.119 40-100 

87

NJPST Volume 16: 2021 ISSN: 1119-4111   Shu’aibu et al.



 
Table 7: Results creep recovery of the prepared blends with and without filler at constant 
temperature and at constant time range 
S/N Blend composition (g) Creep deformation (ìm) Time range 

(min) 
Temperature 
range (? ) 

1 100PP 325.00 42.2- 60.00 5 – 60.00 
2 Bo/5 PVAc  312.90 42.5- 60.00 5 – 59.90 
3 B1/10 CaCO3 289.70 45.7- 60.10 5 – 60.10 
4 B2/20 CaCO3 875.10 42.1 – 60.0 5 – 60.00 
5 B1/10 FPSP 925.40 42.5- 60.00 5 – 60.00 
6 B2/10 FPSP 1069.70 45 – 60.10 5 – 60.00 

 
 

 
Figure 1: Dynamic Mechanical Analysis (DMA) test curves of 100 gPP 
 
  

 
Figure 2: Combine curve of the Dynamic Mechanical Analysis of PP/PS/5 g PVAc  
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Figure 3: Combine curve of the Dynamic Mechanical Analysis of B1/ CaCO3 

 

 
Figure 4: Combine curve of the Dynamic Mechanical Analysis of B2/ CaCO3 

 

 
Figure 5: Combine curve of the Dynamic Mechanical Analysis of B1/FPSP 
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Figure 6: Combine curve of the Dynamic Mechanical Analysis of B2/FPSP 
 
Creep recovery 
Due to the visco-elastic nature of the 
composite materials, analysis of creep 
strength or recovery is vital in understanding 
equilibrium strain rate. The result of the creep 
recovery for the blend with and without 
fillers at 70 C ?  was shown in Figure 1- 6 
(purple lines).  The creep test was conducted 
for 70 min at a constant loading stress of 2.18 
N. The initial vertical large strain is due to the 
applied constant load after which the strain 
decreases with time up to about 50 min where 
the strain rate is very small known as the 
equilibrium strain rate. This stage is the 
secondary creep region and must be 
considered in load bearing capability of 
visco-elastic materials Dan-asabe (2018). 
The percentage strain during this period and 
temperature (60  C? ) is 1.55 %. Similarly, 
these figures depict the creep curves for the 
pristine PP at 60 C?  for 60 minutes. The strain 
rate is fairly constant (not steadily 
decreasing) throughout the experimental 
period and does not attain equilibrium. This 
shows that, the article produced with the neat 
PP is not a good load bearing material (it can 
break easily with prolong usage) as compared 
to the blends with and without fillers as it did 
not attain equilibrium state The blend with 
and without fillers depict has a corresponding 

percentage strain during the period of of the 
experiment for the blend with and without 
fillers (CaCO3 or FPSP) of the article 
produced at all the blend and filler 
composition within the same time and 
temperature with the Bo/5 gPVAc having the 
highest creep strength rate percentage of 6.80 
% compared to the pristine propylene. It has 
been established by Ghalia et al., (2011) in 
their research, Viscoelasticity and 
viscoplasticity of 
polypropylene/polyethylene blends that the 
creep stress increases with increasing time at 
constant load. 
 
 According to the report given by Razavi-
Nouri (2006)          reported that the creep and 
creep relaxation time of PP/m-LLPE (50/50) 
composition were better than  that of pure PP 
in his research Creep and stress relaxation 
behavior of polypropylene, metallocene-
prepared polyethylene and their blends. 
Similar results was reported by Dan-asabe et 
al., (2018). They concluded that better creep 
stability was obtained at 50/50 
polyvinylchloride to banana peeled 
particulate composite composition. Liu et al., 
(2016) conducted a research on the 
enhancement of tensile creep stability of 
immiscible poly(L-lactide)/poly(ethylene 

0

0

0
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vinyl acetate) blends achieved by adding 
carbon nanotubes  concluded that the creep 
stability of the immiscible blend is apparently 
enhanced by adding(Carbon  nanotubes) 
CNTs. The mechanisms for the enhanced 
creep stability are suggested to be related to 
the interfacial location of CNTs at the blend 
interface, the formation of the percolated 
CNT network structure (Liu et al., 2016). 
Another research titled “creep behavior of 
PS/PMMA blend by compression molding 
creep behavior of PS/PMMA blend by 
compression molding, revealed that the creep 
deformation increases with increasing time at 
constant creep stress (100 Pa and 1000 s) and 
decreases at (100 Pa and 7000 s). Martien and 
Karin (2019) carried out an investigation to 
determine the creep deflection of wood 
polymer composite profiles (WCP) at 20 ?  
and at load 850 N conditions and reported 
that the creep deflection progresses steadily 
but slowly and creep deflection rate 
decreases with time proceeding, which is in 
particular visible for sample coded WPC-3. 
They further stated, at these conditions the 
creep deflections increase significantly for all 
three WPCs with WPC-3 showing high 
deflection rate during the first days, followed 
by much slower rate during the next period. 
WPC-1 shows high progressive creep 
deflection for 2 samples during the entire test 
temperature and period (50 ?  and three 
weeks). At 20 ?  the curves show steady but 
slow creep rate, whereas at 50 ?  creep rates 
are higher than of the neat PVAc, in 
particular for WPC-1 and WPC-3. WPC-3 
shows high creep rate during early stage, but 
strain rate levels off at longer term. Other 
Authors observed similar results, epoxy 
plasticized with polyvinylacetate saturated 
with water had a higher creep compliance as 
compared to the plasticized blends without 
saturation with water in a research Time–
Temperature–Plasticisation superposition 
principle to predict creep of a plasticised 
epoxy conducted by Ishigami et al., (2019).  

 
The storage modulus represents the elastic 
portion of the materials and is defines as the 
optimum quantity of stored in by the material 
during the period of one revolution of 
oscillation (Gupta, 2017; Rana, 2017; Jacob 
et al., 2018). It can also be define as the 
capacity of the material to store energy Jacob 
et al., (2018). The Viscous (loss) Modulus: 
The ability of the material to dissipate 
energy. Energy lost as heat Jacob et al., (201. 
The dynamic thermal analysis (DMA) can 
also give the details explanation of the 
measure of the rigidity  and  stability of the 
blends with and without fillers temperature as 
a codomain, it’s glass transition temperature 
and visco-elastic nature when feigns to 
dynamic loading  Dan-asabe et al., (2018 and 
Mustapha, et al., (2020).  Figure 1 to 6 
described the visco-elastic parameters such 
as storage modulus (E ') loss modulus (E "), 
and tan ä of the pristine Polypropylene 
(control), blends with and without fillers with 
increasing temperature at oscillation 
frequencies of 2.5, 5 and 10 Hz respectively. 
The E  ' (MPa   ) curve shows (red curve) the 
stability of the pristine Polypropylene matrix 
under dynamic loading in which the onset 
temperature is 41.1 C corresponding to 
storage modulus E ' , calculated and recorded 
value as 760 MPa (table 1) and its point of 
inflection (mid-point) with a corresponding 
temperature usually known as the glass 
transition temperature recorded as 67.1 qC at 
10 Hz. It was also observed that the value of 
storage modulus   E ' , of both the blend 
composition without filler and all the blends 
filled with the two fillers increased with 
increasing filler loading and increase in both 
frequency of oscillation compared to the 
pristine Polypropylene. This observation was 
generally recorded across all the temperature 
range of the experiments as well as the 
oscillating frequency range of the experiment 
this is due to the increased or improvement of 
the stiffness of the blends with and without 

0
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filler. This could be attributed to the 
structural changes associated with the 
addition of Polystyrene (PS) and 
Polyvinylacetate (PVAc), are blended in to 
the pure Polypropylene (PP) within the 
appropriate experimental conditions to form 
the specific blends which were filled with 
Calcium carbonate (CaCO3) and Ficus polita 
seeds powder (FPSP) to form the composites 
the rigidity of the PP was enhanced, this 
implies that there was high interaction among 
the components of both the blend and the two 
fillers thus improving the capacity of the neat 
PP to resists deformation Dan-asabe et al., 
(2018).  
 
Other authours studied the Mechanical, 
Thermal, and degradation properties of 
biocomposites with biopolyesters filled with 
date seed powder prepared melt mixing of 
DSP with biopolymers using mini-twin 
conical screw extruder. They established 
equivalent results stating that the  storage and 
loss modulus of the composites were 
enhanced with 30 and 40% filler loading, due 
to filler aggregates and low filler-polymer 
interfacial interactions Mittal et al., (2014). 
Similar observation was made by Wu et al., 
(2017) on Polypropylene/polystyrene/clay 
blends prepared by an innovative eccentric 
rotor extruder based on continuous 
elongational flow study the rheology 
property, morphology and crystallisation 
behaviour and they concluded that the Tg of 
the blend filled with MMT increased 
compared with that of the pure PP/PS blends, 
and the Tg value increased by 2.2 % when the 
MMT concentration was 3 wt%. The result 
suggested that the compatibility of PP/PS 
blends was improved with the addition of 
MMT, and the best compatibility for blends 
was obtained with 3wt % MMT 
concentration Wu et al., (2017). Similarly, 
same effect of the addition of PS, PVAc  and 
the two fillers used (CaCO3 and FPSP) in PP 
on the miscibility of the blend composition of 

PP/PS/PVAc blends and give a more intuitive 
comparison between the blend with and 
without filler was also recorded. The loss 
factor (blue curve on the combined curves) as 
a function of temperature for PP/PS/PVAc, 
PP/PS/PVAc/CaCO 3 and PP/PS/PVAc/FPSP 
blends were obtained from dynamic 
mechanical thermal analysis, as shown in 
figure 1 to figure 6. The glass-transition 
temperature (Tg) gotten from these curves 
were illustrated in table 1 to 3.  
 
In general, it can be suggested that the 
immiscible of the ternary blends were 
partially miscible and that some molecular 
interactions occurred between the three 
components if the difference between Tg, PS 
and Tg, PP for blends was reduced. Similar 
observations were made by Jia et al., (2013) 
and Wu et al., (2017). As earlier referred to 
Figure 4 and Table 1, it was  clear that with 
increasing the dose/load of CaCO3 or FPSP, 
the Tg value of PP/ PS/PVAc blends 
decreased at first and then increased 
compared with that of PP, and the Tg value 
reduced 2.2 ?  and 9.3 ?  when the amount of 
CaCO3 and FPSP added to blends were 10 g 
each respectively. The result suggested that 
the compatibility of PP/PS blends was 
improved with the addition of CaCO3 or 
FPSP, and the best compatibility for blends 
was obtained with 10 g CaCO3 or FPSP load. 
The reason may be that the PS or PVAc 
particle size in blends were reduced with the 
addition of CaCO3 or FPSP which impliedly 
increased the surface area of the components 
of the blends there by increasing more chance 
of interaction between the polymer matrices 
and the fillers, which enhances the 
entanglement effect of PP, PS and PVAc.  
 
However, when the CaCO3 and FPSP amount 
exceeds 10 g, the CaCO3 and FPSP particles 
are easier to reunite and stack in high 
concentration so that the miscibility of 
PP/PS/PVAc blends is gradually declined. 
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Therefore, the rational controlling of CaCO3 
or FPSP concentration is more effective in 
improving the miscibility of PP/PS/PVAc 
blends. It also can be clearly observed from 
figure 1-6 that the storage modulus 
(E ' ) (MPa   )  and the loss modulus 
(E ''  )  (MPa   )  of PP/PS/PVAc blends were 
obvious greater than those of pure PP. 
Moreover, with the addition of CaCO3 or 
FPSP, the values of  'and  ''  of PP and 
PP/PS/PVAc blends were increased at all the 
experimental frequencies (2.5, 5 and 10 Hz) 
when the amount CaCO3 or FPSP is less than 
20 g. And interestingly, the enhancement of 
moduli was found to be proportional to 
CaCO3 or FPSP load, which could be 
attributed to either compatibilising effects 
when PVAc resi ded at interface or 
reinforcing effect related to inter- and 
intraparticle of the blend-filler interactions as 
reported by Liu et al., (2016) and Wu et al., 
(2017). However, CaCO3 or FPSP load 
reached 20 g, in the blends of different 
composition, the values of the storage 
modulus (E ' ) and the loss modulus (E '' )  of 
the blends were declined compared with 
those of blends at 10 g CaCO3 or FPSP load. 
The reason for this may be aggregated up in 
two approaches. Firstly, part of CaCO3 or 
FPSP load particles are aggregated at the 
interface with the presence of high CaCO3 or 
FPSP load, which leads to a relatively lower 
degree of intercalation and exfoliation. 
Therefore, the molecular chains of PP, PS 
and PVAc were not well inserted and 
dispersed in the CaCO3 or FPSP galleries. 
Similar observation was given by Wu et al., 
(2017). Secondly, some particles of CaCO3 
or FPSP selectively disperse into the 
dispersed phase, so the inhibition effect on 
the movement of PP macromolecular chain is 
decreased, resulting in a decline in the 
elasticity and stickiness of blends. In high 
frequency region, the  'and  '' of all samples 
tended to be similar, indicating that under the 
effect of high frequency, the effect of CaCO3 

or FPSP on the elasticity and stability of 
blends were independent of the experimental 
frequencies and  time, and they were mainly 
depended on the temperature range at which 
the experiment was performed. Damping or 
tan d/tan delta or loss factor is the dissipation 
of energy in a material under cyclic load. It is 
a measure of how well a material can get rid 
of energy and is reported as the tangent of the 
phase angle. It tells us how good a material 
will be at absorbing energy.  
 
According to the results of the study carried 
out on the Mechanical, diffusion and 
degradation behaviour of polypropylene and 
cellulose blends prepared by melt mixing 
followed by injection moulding by Korir 
(2013), reported that, the storage modulus, 
loss modulus, damping properties of the 
blend were improved commingling of the 
cellulose in to the pure PP as compared to the 
values obtained for the fresh PP,. Thus, the 
improvement of the thermal stability 
increases with increase of the frequency, 
temperature and the amount of the cellulose 
in PP matrix. Storage modulus varies with the 
state of the material, its temperature, and with 
the frequency Xie et al., (2017). Increasing 
the value of tan d means the material has 
more potential to dissipate energy and so the 
greater the tan d the higher dissipative the 
material is. In other word, decreasing tan d 
indicates material act more elastic and by 
applying load, the material has the ability to 
store energy rather than dissipating it. For 
polymer that is filled with fillers, increasing 
the content of the filler diminished the value 
of the tan d as the filler imposed restriction 
against molecular mobility of polymer chains 
due to the adsorption of particulate fillers on 
to the surface of the polymers as it results to 
interfacial adhesion between the polymer 
matrix and filler which often produces 
hydrogen bond between the components in a 
blend system. Similar result was reported by 
(Xie et al., 2017; Jacob et al., 2018; and 
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Mostafa et al., 2020). With higher filler 
loading of both CaCO3 and FPSP into the 
PP/PS/PVAc blend , higher dispersion of the 
fillers were more uniformly distributed as the 
storage modulus increased, strong correlation 
between this results and previous work on 
this blend on the mechanical properties can 
be established as the mechanical tests results 
depicted same trend, most especially at these 
blends composition filled with 10 to 20 g of 
either of CaCO3 and FPSP, Ha and Jiang et 
al.,  (2019) and Mamza et al., (2020) reported 
similar results. Ha (2019) studied the 
Structure-Properties of 
Polypropylene/Liquid Crystalline Polymer 
Blends filled with Liquid Crystalline glass 
prepared by melt mixing and reported that the 
thermal stability of the blend increased with 
increasing the amount of the liquid 
crystalline glass into the polypropylene 
matrix, revealed similar result relative to the 
one established in this research. From these 
figures (figure 1 to 6), it can be seen that the 
blends CaCO3 or FPSP showed lower Tan ä 
compared to that of fresh PP or the blend 
without filler. Low value of loss factor 
implies good loading bearing capacity of the 
blends and composites as reported by (Jacob 
et al., 2018). The damping factor decreases 
with increasing temperature and frequency 
from neat PP and the blends with and without 
filler.  

Since the damping peak occurs in the region 
of glass transition where the material changes 
from rigid to a more rubbery state, it is 
associated with the segmental mobility of the 
chains, which are initially in the frozen state. 
The higher the tan ä peak, the greater is the 
degree of molecular mobility. On comparing 
the tan ä peak values of the different fillers 
(CaCO3 or FPSP) composition of the blends 
show the minimum value related to that of the 
unreinforced PP. This result is in agreement 
with the observation made by (Sui et al., 
2018). The observed decrease in damping 

factor is associated with the improvement in 
interface bonding (Sui et al., 2018) reported 
that a composite with poor interface bonding 
tends to dissipate more energy than that with 
good interface bonding. 
 
ACTIVATION ENERGY  
The activation energy is found to increase 
with incorporation of CaCO3 and FPSP and 
the maximum value was obtained at for 
B2/FPSP blend that is, the blend filled with 
20 g Ficus polita seed powder filler. This 
increase in the activation energy could be 
attributed to the two fillers commingled in the 
blend as compared to that obtained for the 
neat PP which is associated with high 
interaction between the fillers and the blend 
which accompanied by high interfacial 
adhesion between the filler and blend 
composition as compared to other blends 
composition and this result can be supported 
with the mechanical analyses results 
performed in this research. 
 
CONCLUSION 
The ter-blends containing polypropylene, 
polystyrene and polyvinylacetate 
(PP/PS/PVAc) with and without filler were 
successfully prepared  with an inexpensive 
material with an exhaustive less dense weight 
material and a good thermo-mechanical and 
creep recovery characteristic property. The 
excellent Thermomechanical and creep 
recovery were measured with the optimum 
values at 10 g and 20 g of each of calcium 
carbonate (CaCO3) and Ficus polita seed 
powder (FPSP) reinforcing fillers. Yielding 
corresponding storage modulus, loss 
modulus, activation energy and creep 
recovery, thermal Stability and stiffness of 
the of the blends with and without fillers were 
enhanced at Bo/5gPVAc, B 1/CaCO3, 
B2/CaCO3, B1/FPSP and B2/FPSP blends 
compositions compared to the pristine PP 
(871.1108 Mpa) at 10 Hz. Creep recovery 
was improved for all the tested blend 
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compositions with the highest creep recovery 
recorded at B2/20 g FPSP (1069.7 ìm). 

Bo/5gPVAc having the highest storage 
modulus (2990.611 MPa) followed by 
B2/FPSP (2969.362 MPa) respectively.  
Activation Energy also increased for all the 
blend composition except for Bo/5gPVAc 
composition compared to that of the neat PP, 
the highest value was obtained at B2/20 g 
FPSP (98440.119 kJmol -1).  
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