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Abstract

This study investigates the production and mechanical properties of bio-plastic tiles using a composite mixture of Shea Nut Shell
(SNS), high-density polyethylene (HDPE), and clay. The mixtures were extruded and compressed into bio-plastic tiles of two
different sizes: (19 x 9 X 2.5) cm and (19 % 9 x 5.0) cm. To assess the influence of particle size and composition on tile properties,
SNS was processed into 1 mm and 2 mm geometrical sizes and combined in four different weight-to-weight proportions:
90/10/100, 80/20/100, 70/30/100, and 60/40/100 (SNS/clay/plastic). The study examined the effects of particle size and
composition ratio on key physical and mechanical properties, including density, flexural strength, flexural modulus, compression
strength, and impact bending resistance. Additionally, the influence of tile thickness and inter-structural material arrangement on
mechanical performance was analyzed using a factorial experimental design. The results showed density values ranging from
2.95g/cm’ to 4.07g/cm’, with variations in flexural strength, flexural modulus, impact bending, and compression across different
compositions. Structural analysis revealed that the 90/10/100 ratio exhibited superior bonding cohesion and compatibility,
leading to enhanced mechanical properties. The findings indicate that the investigated factors significantly influenced the
performance of bio-plastic tiles. The mechanical values obtained in this study align with standard requirements for construction
materials, suggesting that these tiles are suitable for use in pavement pathways with both low and high load-bearing capacities.
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1. Introduction

Rapid economic growth and urbanization have led to in-  to this include inefficient solid waste management, insuffi-
creased well-being globally but also increased resource use  cient power generation, and lack of advanced waste manage-
and environmental pollution [2]. Nigeria, the ninth-highest ~ ment technology systems, other activities like food processing,
country with unmanaged plastic residue, accounted for 2.7%  fruits, and seed processing also contribute to environmental
of discarded plastic waste globally [31]. Factors contributing  disturbances. Nigeria is the world's largest exporter of shea
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nuts and butter [28]. The Vitallera paradoxa (Shea trees) is
known to produce bio-residue, which can also be used to es-
tablish a bio-economy that can helps to mitigate climate
change, integrate soil nutrients, and improve agro-ecology
practices in Africa's Shea zone [27, 20]. Shea butter develop-
ment is acknowledged as a vital agro-based business, which
has contributed to a decrease in food security a potential for
revenue generation, and a decrease in poverty level especially
in any country [16]. Due to the increase demand for Shea but-
ter (Figure 1), the Shea butter production witnessed tremen-
dously growth that led to high volume of Shea nut shells being
discarded as waste [22]. Shea trees in Africa produce bio-
waste, including Shea nut shell (SNS), which can be used to
establish a bio-economy [23]. SNS is an agro-based by-prod-
uct from the combustion of Shea nut shells during Shea butter
preparation, once dried the shell becomes agricultural waste.
SNS is produced by shelling, the most difficult aspect of Shea
butter production, but is not automated in many African coun-
tries like Nigeria due to its time-consuming and high waste
generation [21]. Previous study shows that the shea Nut shells
are also used as boiler fuels in Africa, while some use it as
landfills to generate methane like any other rotting plant mat-
ter [4]. However, when the nut is adequately and properly re-
moved from the fruit and dried, it becomes agricultural waste
[5].

The depletion of natural resources and environmental con-
cerns have led to a growing interest in environmentally
friendly materials, research on agricultural waste management
aims to address economic and environmental issues related to
waste disposal [17]. Large amounts of agricultural waste are
generated annually, which can be used as secondary raw ma-
terials for value-added products in the circular economy, and
the use of agricultural waste to create biopolymer-based com-
posites for lightweight applications, combining natural rein-
forcements [11]. Agricultural wastes offer sustainable biomass
for engineering composites, biofuels, and other bio based ma-
terials, enhancing the utilization of waste lignocellulose com-
ponents in integrated bio refineries [24]. In addition to being
employed in textile dyeing wastewater treatment using batch
sorption methods with activated carbon, shea nut shells are a
commercially valuable adsorbent for industrial dyestuffs, ex-
hibiting high dye removal rates [12]. The chemical test that
was done on the shea-nut shell found that it exhibited poz-
zolanic qualities, meaning that shea-nut shell Ash (SSA) may
be used in masonry and the manufacturing of sandcrete blocks
in place of some of the cement used in mortar production dur-
ing construction work [30].

Environmental biotechnology (OBD-Plus microorgan-
isms Patent) is being applied to the conversion of Shea cake
waste to bio-fertilizer in order to promote soil conversation
and the Shea tree's domestication [32]. Shea (Vitellaria par-
adoxa) nut shells (SNS) were also employed as raw materials
to create an activated carbon-based catalyst via chemical ac-
tivation with potassium hydroxide (KOH) [7]. According to
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studies Dejean, et al., [10], these shells have a high potas-
sium content (up to 25% in the ash) and create high-quality
activated carbons that are mechanically stable and have a
high porosity. The addition of Shea Nut Shell (SNS) to plas-
tic as composites will be an effective way to minimize huge
waste generated after production and limit the effect to air
pollution caused during burning and landfills [2, 5]. The use
of SNS as raw material for the production of composite tiles
will further enhanced effective management of the material
as waste. Both waste materials (SNS and plastic) can serve
as potential raw materials for other valuable product that
could improve the socio-economic development of the coun-
try and also helps to mitigate the effect on climate change.

Due to limited information on use of SNS for the production
of composite or polymer composite, this study therefore seek
to investigate the mechanical properties of polymer composite
tiles made from recycled polyethylene and reinforce with SNS
fibre, while the inter-structural arrangement of the fibre to fi-
bre in the matrix was also examined.

/ Mesocarp
(Yellow)

Epicarp
(Green)

Shea Nut Fruit

/

Shea Nut Pulp

Shea nut

Source: Abdul-Mumeen et al., [1].

Figure 1. Shea nut fruit, pulp and the nut (seed).

2. Materials

2.1. Materials Collection

SNS material was collected from the Shea stockpile site lo-
cated at Tede community in Atisbo local Government. Atisbo
is found in the north western area of Oyo State, Nigeria, of
about 175 km from Ibadan, the State capital. The town of Tede
has the population 110,792 at the 2006 census with an area
mass of 2,997 km?, it’s located within the latitude of 8° 26" 5"
N and longitude of 3° 19°58"" E. The used polyethylene water
bags was collected from dumping yard of DFRIN package wa-
ter factory, located inside Forestry Research Institute of Nige-
ria (FRIN). The kaolinite as enhancement was adopted and
collected for the Soil Section, Department of Sustainable For-
est Management, FRIN, Ibadan, Oyo State, Nigeria.
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2.2. Materials Preparation and Samples
Production

The used polyethylene water package bags were milled into
particles at Temperature range of 100-120°C using agglomer-
ator machine of model L-0489 avaliable at the Department of
Forest Products Development and Utilization, FRIN. The par-
ticles was screened using a wire mesh sieve of dimensional
size of 1.0 mm. The kaolinite was oven-dried at 103°C for 48
hours to achieve moisture content at 2%, milled into powder
using pulverizer and screened using wire mesh sieve of size
1.0 mm. The SNS waste was oven-dried at 103°C and also
milled into particles using pulverizer. The particles was thor-
oughly screened with wire sieves to obtained two geometric
particle sizes of 1.00 mm as (fine) and 2.00 mm (coarse).

The materials were mixed at a proportional ratio of
90/10/100, 80/20/100, 70/30/100, 60/40/100, 50/50/100,
40/60/100,  30/70/100,  20/80/100, and  10/90/100
(SNS/clay/plastic) weight to weight basis. The mixture of
these particles was fed into the single screw extruder at con-
trolled temperature of 95 + 5°C to obtain thoroughly com-
pounded molten product. The ejected compounded molten
material was fed into a rectangular mould of size (19 x 9 x 2.5)
cmand (19 x 9 x 5.0) cm and compressed using hydraulic cold
press of 20 ton for 20 minutes to be firm and solidify after
cooling. The final products of biopolymer tiles were prepared
for laboratory test specimen sizes in accordance with Ameri-
can Standard for Testing Materials (D570, D790 and D 638)
for determination of dimensional properties tests, flexural
properties, compression and density.

2.3. Properties Determination

Dimensional stability and density

In accordance to ASTM D 792, the changes in board weight
after submerged in water soak test exposure at two different
temperatures (26°C and 65°C); and was determined by using
the formula stated in equation (1), this test was done within
the stipulated periods of 168 hours. Meanwhile the board den-
sity was determined by using the formula stated in equation
(2) which is in accordance with ASTM D638-90.

wWi- Wy

Weight loss (%) = x 100. €))

Where W1 = Oven-dried weight of sample before the water

soak test (g) and W2 = Oven-dried weight of sample after the
soak test (g).

_ Wa

Density (Ci) Ve 2)

m3

Where Wa = Air dried weight (g); Va = Air dried volume
(cm?®).
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2.4. Mechanical Properties

2.4.1. Flexural Test

The flexural strength and modulus (modulus of rupture and
modulus of elasticity) of specimens with dimensions of 17.8
cm x 5.1 cm was done in accordance with ASTM D790. Each
specimen was subjected to three-point bending tests in Uni-
versal Testing Machine of model WDW- 5000 of 858 load
frame with 50 kN load cell, span of 100 mm and at a crosshead
speed of 2.8 mm/min.

2.4.2. Impact Bending

Board specimen of (15.4 x 15.4) cm was subjected to series
of hammer blows using an impact testing machine in accord-
ance with ASTM D805/ D1037 - 2006. The samples were
freely held along all four corners, and a hemisphere of a 22.5
kg hammer was used to strike the core of the specimen. The
rod was drops at a height of 1.3 cm, and continues to rise by
1.3 cm increments until breakage occurred, and the data ob-
tained were used to calculate impact bending using the equa-
tion below:

J=WL

Where: J = Toughness (work per specimen) (Nm), W =
weight of the pendulum (kg) and L = Distance from the centre
of the supporting axis to the centre of gravity of the pendulum

(m).

2.5. Morphological Analysis

The fractural surfaces of the biopolymer tiles were exam-
ined using Scanning Electron Microscopy model JEOL JSM-
7600F operated at 15 kV. An appropriate size of the sample
was rigidly mounted in the specimen chamber called hub. The
samples were coated with gold palladium of electrically con-
ducting material using low vacuum sputter coating. The spec-
imen was placed in a relative high-pressure chamber where
the working distance is short and the electron optical column
is differentially pumped to keep vacuum adequately low at the
electron gun. The high-pressure region around the sample in
the SEM neutralizes charge and provides an amplification of
the secondary electron signal. Low-voltage SEM gives high
primary electron brightness and small spot size even at low
accelerating potentials. The micrographs were produced at
magnification limit of 800, 900 and 1000x.

2.6. Experimental Design

The study was laid out in a 2 by 2 by 8 factorial experiments
in Completely Randomized Design. The samples were sub-
jected to three treatment factors which are board thickness,
geometric particle size of SNS and proportional ratio each var-
iable was replicated five times for all the tests to minimize ex-
perimental errors in the data obtained. The data obtained were
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subjected to one way analysis of variance (ANOVA) and sep-
aration of means was done using Duncan Multiple Ranged
Test (DMRT) in order to determine the level of significance
among and between the variables.

3. Results and Discussion

3.1. Mechanical Properties

The study examined the modulus of elasticity of tiles pro-
duced from different particle sizes and mixing proportions of
SNS waste, clay, and plastic. The mean values ranged from
380.75 N/mm? to 4120.24 N/mm?, with differences observed
based on particle size and composition. The relationship be-
tween MOE and variables was illustrated in Figure 2, with
tiles produced from 1 mm particles being more rigid than
those made from 2 mm particles. As SNS content decreased
from 90% to 40%, tiles of thickness size 5.0 cm were more
rigid than those of thickness size 2.5 cm. However, tiles made
from SNS/Sand/Polymer at a ratio of 80/20/100 at a thickness
size of 5.0 cm had the highest MOE and were the most rigid.
Tiles made from 1 mm particles had higher modulus values
than those made from 2 mm particles. Additionally, tiles with
80% SNS content at a thickness of 5.0 cm had the highest
modulus, indicating greater rigidity. The analysis of variance
in Table 1 shows that molecule size and blending extent sig-
nificantly influence the modulus of flexibility (MOE) of tiles
and showed that all main factors, except board thickness, were
significant, with interactions between certain factors also be-
ing significant. However, it agrees with Njoku [18], who pre-
viously described how small particles have a larger modulus
of flexibility than massive particles. The results suggested that
increasing the surface area of particles led to increased
strength, consistent with previous studies with the addition of
cassava peel starch to bioplastics was found to decrease
Young's modulus, likely due to the amorphous phase formed
by starch-branched amylopectin chains. Comparing the Young
modulus values of the bioplastics to plastic standards, the bi-
oplastics were significantly more rigid Syuhada, [29], found
that increasing cassava strip starch decreases bioplastics MOE
due to decreased firmness due to starch expansion. Amylopec-
tin binds and direct affixes cause a decrease in bio-plastic so-
lidity. This aligns with Agustin and Padmawijaya, [3], that un-
derstanding that stiffness of bioplastics are influenced by the
formation of crystalline phases by linear chains. Chitosan-cas-
sava peel starch bioplastics, with two linear chains, exhibited
higher rigidity compared to polymer-based materials.

3.2. Modulus of Rupture (MOR)

The strength of walkway tiles made from solid residue ma-
terials (SNS residues) was measured using a range of values
from 35.55 N/mm? to 120.27 N/mm?. The modulus of rupture
(MOR) values were 72.09 N/mm? and 55.12 N/mm?, respec-
tively. The strength of tiles with particle sizes 1 mm and 2 mm
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were found to be stronger. Tiles 5 cm thick had higher strength
and lower MOR in 20/80/100 and 10/90/100 mixing propor-
tion tiles, respectively. The more SNS, the higher the MOR,
this were found to be in the same range with Liu et al. [15]
that found cellulose positively influences stress transfer and
mechanical strength of polymer composites. The presence of
lignin increases the interfacial compatibility of plastic materi-
als, but lignin itself has certain rigidity. The analysis of vari-
ance presented in Table 1, shows that particle size and mixing
proportion were significant in the MOR of the tiles produced.
But the board thickness, interactions between board thickness
and particle size, particle size and mixing proportion were not
significantly different, as well as interactions between particle
sizes, mixing proportion, and board thickness, as shown in Ta-
ble 1 and as revealed in Figure 3. However, it agrees with Al
Jabril, et al., [6] who earlier defined the result that was demon-
strated the strength of MOR increases. By increasing the sur-
face area of particle though, the mixing ratio was significant
on particle size as shown in Figure 3 it was observed that there
was no significant difference for tiles 2.5 cm and 5 cm thick
at 80/20/100 mixing proportions.

3.3. Impact Bending

The study examined the impact bending strength and flex-
ural strength of walkway tiles ranging from 7.72 to 23.49 J/m.
The relationship between and among the variable factors as
illustrated in Figure 4, shows that the impact bending strength
of the produced tiles increases consistently from tiles with par-
ticle sizes 1 mm and 2 mm; and thickness of 2.5 ¢cm and 5.0
cm respectively. While, it was observed that produced walk-
way tiles at 90/10/100 mixing ratio was find to be most re-
sistance to shock (Impact bending) than others as shown in
Figure 4. Analysis of variance as presented in Table 1., the re-
sult shows that all the factors includes main and interaction
were significantly different at 5% level of probability. This
implies that all the factors such as particle sizes, mixing pro-
portions and tiles thickness significantly influenced the shock
resistance (impact bending strength) of the tiles. The outcome
of result in Duncan Multiple Range Test at 5% level of proba-
bility shows that walkway tiles at particle sizes 2 mm and
thickness 5.0 cm were found to be the outstanding tiles for
shock resistance as presented in Table 1. The IB mean values
increased from 10-40% and decreased from 50-60%, with the
highest value being 80% of SNS. The study found that walk-
way tiles with a 90/10/100 mixing ratio were more shock-re-
sistant, this is in accordance with Andrew et al., [8] that the
impact properties of composite materials are directly related
to its overall toughness, which is highly influenced by the in-
terfacial bond strength, the matrix and fibre properties. The
increased flexural strength of hybrid composites with glass fi-
bre loading was mainly due to shearing resistance [18, 26].
The study also found that impact bending decreased with a
reduction in clay, reaching a point, and increased with higher
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proportions of clay, suggesting that clay increased the com- and therefore its resistance to distortion under pressure which
posite's binding ability and resistance to distortion under pres- is in consonance with established literature. This implies that
sure. The trend observed in this present studies however, indi- all the factors such as particle sizes, mixing proportions and

cates that impact bending decreased with reduction in clay, tiles thickness significantly influenced the shock resistance
reached a point and increased with higher proportions of clay ~ (impact bending strength) of the tiles.
implying that clay increased binding ability of the composite

5000
4500 -
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3000 -
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2000 - H1mm
1500 - H2mm
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500 -

Modulus of elasticity (N/mm?)

Figure 2. Effect of production variables on the modulus of elasticity of tiles made from SNS.
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Figure 3. Effect of production variables on the modulus of rupture on tiles produced from SNS residue.

10|||| “ ‘||‘||‘||‘|I‘|Il|||||
0 II II I I I | I

25 50 25 50 25 50 25 50 25 50 25 50 25 5025 50 25 50
Ccm cm cm cm cm €m cm c¢m cm cm cm c¢m cm cm | cm cm cm cm

- N [ae
(%] (=] v

Impat Bending

1%]

90/10/100 80/20/100 70/30/100 60/40/100/50/50/100 40/60/100|30/70/100 20/80/100 10/90/100

Elmm H2mm

Figure 4. Effect of production variables on Impact bending strength on walkway tiles made from SNS fibre residue.
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Table 1. Analysis of variance for physical and mechanical properties of biopolymer tiles.

Properties Flexural modulus
Source of variance f-value Sig.
Particle size 55.660 0.00*
Mixing proportion 20.849 0.00*
Board thickness 3.620 0.06ns
PS*MP 12.024 0.00*
PS*BT 0.045 0.83ns
MP*BT 2.149 0.04*
PS*MP*BT 3.183 0.00*

3.4. Physical Properties

The density of the produced tiles was determined based on
the mass of the material per unit volume. For tiles made from
1 mm and 2 mm particle sizes, the mean values obtained were
3.55g/cm? and 3.41g/cm? at different mixing proportions. The
densities obtained were 3.11g/cm?, 2.95g/cm’, 4.07g/cm’,
2.99g/cm’, 3.25g/cm’, 3.98g/cm’®, 4.03g/cm?, and 3.37g/cm®
for 90/10/100, 80/20/100, 70/30/100, 60/40/100, 50/50/100,
40/60/100, 20/80/100, and 10/90/100 (SNS/clay/plastic), re-
spectively. This density obtained at different thickness levels
were 3.03g/cm® and 3.92g/cm? as shown in Figure 5. From the
Figure 6, particle size 1 mm had higher value than 2.5 cm,
these observations were noticed for all samples and also fol-
lows the same trend in particle sizes 2 mm. Differences in den-
sity between the 1 mm and 2 mm could be attributed to the
size of the composites. It is common knowledge that fine
grained soils weigh higher compared to coarse soils, and this
is because the finer the particulate size the more grains are
present per unit size [13, 14]. The study found that the density
of the tiles ranged from 2.47g/cm’ to 5.24g/cm’, with varia-
tions based on factors such as particle size, mixing proportion,
and thickness. Tiles made from particle sizes of 1 mm and 2
mm had mean densities of 3.55g/cm® and 3.41g/cm® respec-
tively. The mixing proportions also influenced density, with
values ranging from 2.95g/cm? to 4.07g/cm’®. The study ob-
served that tiles with a particle size of 1 mm generally had
higher densities than those with a size of 2 mm. The analysis
in Table 2 shows that all factors had a significant effect on tile
density, with particle size and mixing proportion playing im-
portant roles. Tiles with a particle size of 1 mm and a thickness
of 5.0 cm were found to have the highest density values. The
properties of plastics used in tile production were also noted
to impact density, with factors such as molecular structure and
composition influencing the material's density. The study also
analysed the weight changes of tiles after 24 hours of water

Flexural strength Impact bending

f-value Sig. f-value Sig.
56.696 0.00* 41957.019 0.00*
40.929 0.00* 26911.216 0.00*
0.434 0.51 ns 2459197.287 0.00*
18.133 0.00* 733.566 0.00*
0.001 0.98 ns 2613.137 0.00*
1.773 0.09 ns 4446.987 0.00*
0.954 0.48 ns 631.313 0.00*
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immersion and oven drying at 26 + 2°C. The weight changes
varied according to the particle sizes, mixing proportions, and
thickness sizes. Tiles made from SNS/clay/plastic of
80/20/100 had the least weight change values, suggesting they
resist water intake. Tiles made from SNS waste exposed to
heat conditions at 65 + 2°C had the highest weight changes.
Water hydroxylation of bioplastics is attributed to the compo-
sites' affinity to water. Cassava bioplastic films have higher
absorption rates compared to hydrolyzed potato and corn bio-
plastic films due to their limited water absorption. The study
in Table 2, shows that 80/20/100 SNS/clay/plastic had higher
resistance to water intake compared to other proportions, re-
sulting in the least weight change after oven drying. This could
be due to poor affinity for water and the size of granules,
which impedes the affinity of clay particles. For weight
changes at wet conditions for 24 hours it shows that all the
main factors, two and three-factor interaction, had a signifi-
cant influence on weight changes of the products at 24 hours
of water exposure. The study suggests that all factors consid-
ered in tile production have an influence on weight changes at
24 hours of water exposure. The study examined the weight
change values of tiles made of particle sizes 1 mm and 2 mm
at a thickness of 2.5 cm, made from SNS/clay/plastic at vari-
ous levels. The total weight changes after exposure to drying
conditions at 26°C for 1 week were 136.1% and 96.99%, re-
spectively. The walkway tile of 1 mm composition had the
highest mean value of weight changes (5.63%), while
30/70/100 had the lowest (0.84%). The weight changes varied
among tiles at different drying exposure periods, with tiles of
80/20/100 having the highest variation and weight changes
from 120 hours to 168 hours. The particle size of 2 mm at a
thickness of 2.5 cm of 90/10/100 had the highest mean value
of 2.38%, while 40/60/100 had the lowest mean value of
0.85%. There was little variation among tiles 90/10/100,
80/20/100, and 50/50/50. The results of the study validated the
position of Oberti, & Paciello, [19], who found that bio-plastic
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tiles desorb moisture at varying rates depending on the pro-  constituents after being subjected to wetting and drying at var-
portions of components used in their manufacture. Rhodes [25]  ying temperatures to desorb moisture and be deformed in
also observed the behavior of bioplastics made from starchy  shape.

Density (g/cm?)

I H1lmm 2 mm

2.5 cm|5.0 cm|2.5 cm|5.0 cm|2.5 cm|5.0 cm|2.5 ¢cm|5.0 cm|2.5 ¢cm|5.0 cm|2.5 ¢m|5.0 cmf2.5 cm|5.0 cm|2.5 cm|5.0 cm|2.5 ¢m|5.0 cm
90/10/100 | 80/20/100 | 70/30/100 | 60/40/100 | 50/50/100 | 40/60/100 | 30/70/100 | 20/80/100 | 10/90/100

Figure 5. Effect of variable factors on physical properties of bio-plastic tiles.
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Figure 6. Weight performance of 2 mm particle sizes of 5 cm thick tiles made SNS after long term water exposure.
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Table 2. Results of follow-up tests conducted for physical and mechanical properties.

Main factors Levels

Particle-size (mm)
2

90/10/100
80/20/100
70/30/100

60/40/100
Mixing proportion

(SNS/claylplasticy 2030100

40/60/100
30/70/100
20/80/100
10/90/100
2.5

Tiles thickness (cm) 50

Mechanical properties

Modulus

Strength (MOR)

(MOE) N'mm2  N/mm2

1278.01*
672.30°
399.23¢
2169.24*
1186.94°
349.28¢
686.78¢¢
902.98b
1152.52°
1247.11°
682.33¢4
897.93%
1052.392

72.09*
55.12°
39.69¢
102.98*
80.58°
38.76¢
45.764
67.67¢
81.33b
57.85¢
57.87¢
62.86°
64.35°

(J/m)

13.712
14.98°
16.97a
12.52h
13.24¢
13.68¢
13.91¢
13.50f
13.93¢
16.69°
14.69¢
9.49b

19.212

Density

Impact bending  (g/cm3)

3.552
3.41°
3.11d°
2.95f
4.07*
2.99¢f
3.25¢
3.55°
3.982
4.032
3.37¢
3.03°
3.922

Values with the same alphabet along the columns are not significantly different at 0,05

25/05/2023 WD

0 Mag Hv AHFW Pressure o
9:26:40AM 10:2MM 10000x 20KV 125um 70Pa 20um

Mag Hy

HFW Pressure
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Figure 7. SEM images of Bio-plastic tiles, made from Shea Nut Shell residue (a) Clay (2) Clay (3) SNS (4) SNS.
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The following mainly summarize the different types of dif-
ferent raw materials for the preparation of the performance
Bio-plastic tiles, made from Shea Nut Shell residue. Through
the retrospective analysis of the various kinds of adhesive and
the microstructure of the research, found that different molar
concentration of alkali and acid solution, liquid-to-binder, cur-
ing temperature and time to the preparation of the geopoly-
mers with different property has been found.

4. Conclusion

Pollution, global warming, and natural calamities currently
beset our environment. Too much carbon dioxide, plastics, and
papers that take years to degrade are some of the culprits [14,
9]. Many studies have been attempted to ease the misery, iden-
tify alternative solutions to pollution, particularly water and
land pollution, which have a significant impact on our ecosys-
tem. These researches aim at minimizing the waste generated
from SNS and bio-plastics to enable our environment to be-
come healthier again. It was discovered that waste (SNS) can
be used to produce value added product like bio-plastic tiles.
The outcome of the production and evaluation was successful,
all the factors used in this study has significant influenced on
the properties of bio-plastic tiles. It was discovered that bio-
plastic tiles made from lower particle sizes of 1 mm were bet-
ter in strength and modulus than the 2 mm. based on the find-
ing from the study, bio-plastic tiles of 20/80/100 and
70/30/100 are stronger, stiffer and better torsion than the other.
The outcome of the percentage (%) weight changes, were
found to be better especially in compositions of 30/70/100 and
20/80/100 because the values obtained from this composites
falls below 1.00(<1.00), while other composite can still be
useful because there were found to be lower than other con-
ventional composites made from cement, phenol and urea
formehydride. The production also helps to reduce the envi-
ronmental problems created by the plastics and Shea nut Shell
waste in the society, the seeds/nuts waste from forest fruits can
still be use for value added products. This study revealed that
Shea nut Shell waste from the forest fruits nuts/seeds could be
further processed to produce value like bio-plastics compo-
sites. Factors such as particle size for fibres should be consid-
ered. Also materials such as clay and other reinforces should
be tested for production of bioplastic tiles and awareness cam-
paign on maintenance of shea nut waste should be extended to
shea nut processor to conserve this valuable agroforestry prod-
uct waste. The study suggests that Shea Nut Shell residue from
forest fruits, nuts, and seeds can be processed into bio-plastic
composites. The research emphasizes the importance of consid-
ering particle size for fibres and testing materials like clay for bi-
oplastic tiles. It also suggests that processors should be educated
on residue preservation and serve as a reference for low-cost bio-
plastic tile production.
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ASTM  American Society for Testing and Materials

°C Degrees Celsius

FTIR Fourier Transform Infrared Spectroscopy
HDPE High-Density Polyethylene

ISO International Organization for Standardization
kN Kilonewton

LDPE Low-Density Polyethylene

MOE Modulus of Elasticity

MOR Modulus of Rupture

PET Polyethylene Terephthalate

PLA Polylactic Acid

PP Polypropylene

PVC Polyvinyl Chloride

SEM Scanning Electron Microscopy

SNS Shea Nuts Shell

TGA Thermogravimetric Analysis

uv Ultraviolet

wt.% Weight Percentage

XRD X-ray Diffraction
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