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 A B S T R A C T 

This study determines the grain size distribution parameters (GSDP), 
specific gravity (SG), apparent density (AD), and major oxide 
composition of Monatélé-Sanaga river sand (MSRS) and chamotte; 
combined with recycled PET plastic wastes to process composite-
polymer roofing tile’s test specimens; on which physical and 
mechanical tests were performed to evaluate their quality.  The aim of 
this study is to develop a sustainable construction material with a 
reduced environmental footprint. The GSDP(FM: 2.94, Cu: 3.6 , and Cc: 
1.36), SG (2.59 g/cm3), and AD (1.5976 g/cm3) for MSRS show that it  
is medium to a bit coarse-grained with high variability, not well sorted, 
and with slightly low-density suitable for its use to produce polymer-
composite roofing tiles. The sand is dominantly composed of SiO2(65.79 
wt.%) with significant Al2O3 (12.08 wt.%), K2O (4.1 wt.%), and CaO (1.3 
wt.%); probably due to the presence of quartz and aluminosilicate 
minerals important for the production of ceramic roofing tiles. Particle 
size (45.6 % of fine-grained size, 37.6 % of medium grained size, and 
16.8 % coarse-grained size), SG (1.74 g/cm3), and AD (1.26 g/cm3) for 
chamotte classify it as fine to coarse-grained, very low-SG; and as 
lightweight insulating type (compatible with those used in processing 
composite roofing tiles). The chamotte (classified as low Al2O3 and 
slightly high alkaline type), is dominantly made up of SiO2 (64.94 wt.%) 
with interesting Al2O3 (12.7 wt.%), CaO (1.03 wt.%), and K2O+ Na2O 
(6.49 wt.%), The AD (2.118-1.637 g/cm3), Wab (≤1.362 %) and P(≤ 
2.032 %) place the formulated test specimens within the low water 
absorption, and less porous type. The FS (1.22- 6.12 MPa) and CS (9.76 
-19.84 MPa) show an increase in the CS (much higher than that of 
standard ceramic roofing tiles). 
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1. INTRODUCTION  
 

A roofing tiles is a manufactured, aesthetic, 
resistant, and durable building material designed 
to cover roofs from rain, snow, wind, sun, and 
other natural disasters [1-3]. It is dominantly 
processed by a thermal transformation of clay-
rock to form ceramic roofing tile; with clay-rock 
being the main raw or the only material [4]. 
Alternative raw materials (e.g., tire powder; sand, 
metal, tile waste, rice husk ash, sugar can fiber, 
glass fiber, coir fiber, copper slag; gravel, granite 
dust, bamboo fiber, coal fly ash, and plastic) have 
been experimented in roofing tile’s production [2, 
4-13]. The diversity of roofing tile’s raw materials 
leads to the distinction of many types of roofing 
tiles including: geopolymer roof tiles, metal 
roofing tiles, polymer roofing tiles, micro-
concrete roofing tiles, concrete roofing tiles, and 
composite roofing tiles [1-3, 13]; with many 
factors governing their production. The key 
factors in roofing tiles production are: (1) the 
availability and characteristics of raw materials; 
(2) the processing techniques; (3) the cost 
encountered during the production of the tiles; 
and (4) the quality and marketing of the 
produced tiles [2,4]. Because of the lack of raw 
material in some localities, the high cost of 
production of traditional ceramic roofing tiles, 
environmental (e.g., deforestation, and waste 
dumping) and health problems (e.g., air-water 
pollution) generated during their production [4 
8], research are now focused on how to produce 
low-cost and health-environmental-friendly 
roofing tiles with local adapted and available raw 
materials. Polymer-sand roofing tiles in 
particular, produced by thermal combination of 
sand and polymer (e.g. plastic, nylon, or teflon), 
are light weight, stiff, less prone to salt and 
chemical attacks, and have good insulation 
properties [3]. Their production stands as part of 
solution to global plastic management. Polymer-
ceramic composites incorporating recycled 
plastics and local aggregates represent a 
promising route toward sustainable construction 
materials with reduced environmental footprint 
[14]. 
 
Plastics (long chains monomers: polymers), are 
not environmental-friendly products; as they are 
not fast-biodegradable; causing environmental 
pollution (e.g., landfilling), and health problems 
in human and other organisms [15-17]. Their 
long-time breakdown frees dangerous pollutants 

(e.g., furans, dioxins, Bisphenol-A, thalates, 
antiminitroxide, brominated flame retardants, 
and poly-fluorinated chemicals) harmful to 
human, animals, and environment [15, 17, 18]. 
Cameroon, like many countries in the world 
produces and uses plastics. Part of plastics used 
in Cameroon is imported as market products or 
goods packaging envelops and bags from 
neighboring Nigeria, Equatorial Guinee, Tchad, 
and Central African Republic; but also, from Asia, 
Europe, America, and Canada; which therefore, 
increase the rate of waste plastic pollution. 
Proportionally, Low Density Polyethylene 
(LDPE) is the most produced plastic waste (35 
%), followed by Polyethylene Terephthalate 
(PET: 31 %), High Density Polyethylene (HDPE: 
10%), and PVC and polyisoprenes (8 %) [11]. 
Plastic wastes are not industrially managed in 
Cameroon [11]. Minor quantity is recycled by 
smaller units found mainly in Douala and 
Yaoundé. Most plastic wastes are dumped open 
air in the greater part of the country; causing 
landfilling, soil pollution, water (stream, river, 
and ocean) pollution with direct impact 
biodiversity. Experimental works (example of 
that of Nkotto et al., [11]) have being carried out 
on how to recycle plastic waste in plastic--river 
sand-based composite roofing tiles production, in 
which PET plastic constitute the binder. Much 
still has to be done to recycle plastic waste in 
Cameroon, in order to minimize negative 
environmental and health impact of this material. 
The current research is part on the solution to try 
to minimize environmental and health impact of 
plastic wastes by recycling them in an 
experimental production of river sand-chamotte-
plastic waste composite roofing tiles. 
  
In general, to produce roofing tiles, adapted raw 
materials should be available in an industrial 
quantity (for an industrial production). These 
raw materials are characterized in order to see if 
they meet the standard requirements; and if 
possible, verify if their exploitation and 
processing will not cause significant 
environmental and health problems. The 
characterization of raw materials used to process 
roofing tiles depends on their nature. For 
examples, geochemical, geotechnical, physical, 
and mineralogical characterizations are carried 
out on clays and sand [2, 8, 11]. Geochemical and 
mineralogical analyses are carried out on fly ash 
and tile waste [8]. Processed tiles are also 
characterized to verify if they meet the required 
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standards. Compression strength test, tensile 
strength test, flexural strength test, bulk density 
test, water absorption test, porosity test, 
thickness swelling test, thermal conductivity and 
thermal resistance test, microstructural test, 
moisture content test, firing shrinkage test, 
and/or wear test are often carried out (e.g., [7, 8, 
11-13]).  
 
In his study, raw materials (Monatélé-Sanaga 
river sand and chamotte) are physically and 
geochemically characterized, before their 
thermal combination with PET plastic to produce 
sand-chamotte-PET plastic-based composite 
polymer roofing tile’s test specimens. Processed 
tile’s test specimens are physically and 
mechanically characterized in order to verify if 
they meet the required standards. Specimens 
with standard requirement are used to process 
the river sand-chamotte-PET plastic-based 
composite tile’s prototypes. 
 
2. MATERIALS AND METHODS  
 
This part presents materials and methods used 
for collection of the raw materials (river sand: 
Figure 1, chamotte: Figure 2, and plastic bottles: 
Figure 3), and to characterize the sand and 
chamotte. Are also presented, materials and 
methods used to process the sand-chamotte-
plastic composite-roofing tile’s test specimens, 
and to carry out quality tests on processed tile’s 
specimens. 
 

 
Fig. 1. Sampling of Monatélé-Sanaga river sand 
 
2.1 Sampling of raw materials  
 
Fresh river sand sample was collected in River 
Sanaga at Monatélé (Figure 1). A sand sampling 
specialist went into the river with a 10 liters 
plastic bucket to collect the sample, many times 

to obtain a total of 200 kg. The collected sample 
was packaged in polystyrene bags. Chamotte 
sample (200 kg) was sampled at the Local 
Materials Promotion Authority (MIPROMALO). 
Plastic bottles were collected in the town of 
Yaoundé in different waste dump. Only 
polyethylene terephthalates (PETE or PET) type 
plastics were collected and packaged (Figure 3).  
 

 
Fig. 2. Oven-drying of chamotte. 

 

 
Fig. 3. Sampled of PET plastic wastes. 

 
2.2 Characterization of Monatélé -Sanaga 

river and chamotte 
 
The characterization of Monatélé-Sanaga river 
sand and chamotte includes the grain size 
distribution analyses, the specific gravity test, 
and the determination of the apparent density. 
They were carried in laboratories at the Local 
Materials Promotion Authority (MIPROMALO) in 
Yaoundé (Cameroon). The major oxides 
geochemical analysis carried on the two raw 
materials mentioned, was done at the 
geochemical laboratory in CIMENCAM Figuil, 
North Region, Cameroon.  
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The grain size distribution analysis was 
performed by dry sieving for particles greater 
than 80 μm and by sedimentation for particles 
lower than 80 μm. These particle size distribution 
analyses were carried out according to the 
NFP94-057 [19] standard. For dry sieving, 500 g 
of each sample was oven-dried at 105 oC for 24 h, 
put, and sieved in column of eight sieves (with a 
mesh of 4 mm, 2 mm, 1 mm, 0.8 mm, 0.5 mm, 0.2 
mm, 0.1 mm and 0.08 mm, respectively), placed 
on an electro-vibrating machine. Each retained 
fraction was sampled, weighed, and the obtained 
value used to calculate the percentage retained 
material for each sieve via the formula (1)  
 

%𝑅𝑓 =
𝑊𝑟

𝑇𝑤
× 100  (1) 

 
With: Wr: Weight of retained material of each 
sieve (g); Tw: Total weight of retained material 
for all sieves(g); %Rf: Percentage of retained 
material for each sieve (%). 
 
The obtained percentage of retained material for 
each sieve was added together to obtain the 
cumulative percentage of retains (CPR). The 
cumulative percentage of passing-by was 
calculated via the formula (2) and used to 
construct the particle size distribution curve.  
 

𝐶𝑃𝑃 = 100 − 𝐶𝑃𝑅  (2) 
 

With CPR: Cumulative percentage of retained 
material (%); CPP: Percentage of passing 
material (%). 
 
The obtained results were used to determine the 
fineness module (FM), coefficient of uniformity 
(Cu) and curvature coefficient (Cc). The FM was 
calculated according EN12620 [20] standard 
with formula (3). The uniformity coefficient and 
curvature coefficient (were calculated via 
formula (4) and (5), respectively. 
 
𝐹𝑀 =

1

100
∑𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑒𝑣𝑒𝑑 𝑟𝑒𝑡𝑎𝑖𝑛𝑠 ⟮0.125 −

0.25 − 0.50 − 1 − 2 − 4⟯                 (3) 

𝐶𝑢 =
𝐷60

𝐷30
   (4) 

𝐶𝑐 =
(𝐷30)2

𝐷10×𝐷60
   (5) 

 
With D60: diameter of the particles which 
corresponds to 60 percent of the passers-by, D30: 

diameter of the particles which corresponds to 30 
percent of the passers-by, D10: diameter of the 
particles which corresponds to 10 percent of the 
passers-by. 
 

For sedimentation particle analysis, fraction with 
grain size less than 80 μm was separated from 
suspension and oven-dried. This fraction was oven-
dried at 105 oC for 24 h. 40 g of dried sample was 
mixed in a bottle, with 220 ml of distilled water; and 
30 ml of a solution of sodium hexametaphosphate, 
closed and kept for 24 h. After 24 h, the bottle with 
the mixture was agitated, before pouring in a 
burette; and added 1000 ml of distilled water. A 
densimeter was immersed in the solution to 
measure the evolution of the density in 24 h, at the 
regulated time 30 s, 1 min, 2 min, 5 min, 10 min, 20 
min, 40 min, 80 min, 4 h, and 24 h, respectively. The 
volume was calculated via formula (6). 
 

𝑣 =
(Ɣ𝑠−Ɣ𝑤)

18ɳ 
𝐷2   (6) 

 

The specific gravity test was carried out 
according the EN1097-6 [21] standard. It was 
performed by Archimedes method using a 
measuring scale (Gibertini) with a sensitivity of ± 
0.0001 g, and three pycnometers of different 
weight. Each pycnometer was weighed. 20 g of 
sample was put into each of pycnometer and 
weighed. Distilled water was added into 
pycnometer + sample up to the measuring line 
and weighed. The obtained weight values and 
that of pycnometer with water were used to 
calculate the specific weight via the formula (7). 
  

𝑆𝐺 =
(𝑀2−𝑀1)

(𝑀2−𝑀1)−(𝑀3−𝑀4)
   (7) 

 

With M1: Weight of an empty pycnometer (g); 
M2: Weight of the pycnometer with dried sample 
(g); M3: Weight of the pycnometer with dried 
sample and distilled water (g); M4: Weight of 
pycnometer with water (g); SG: Specific gravity of 
each sample (g/cm3). 
 

The apparent density of sample Monatélé-Sanaga 
river sand and grog were determined according the 
ASTMD2854 [22] standard. The procedure was as 
follows; each collected sample was crushed and put 
into a cylinder at a corresponding volume (V). The 
cylinder with sample was weighed and the 
corresponding weight (M) recorded. The 
corresponding weight and volume were used 
calculate the apparent density via formula (8). 
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𝐴𝐷 =
𝑀

𝑉
    (8) 

 

The geochemical analysis carried out with the aid of 
an XRF (German XRF9900 thermo spectrometer) 
(as described in Hamadou et al., [23]), include the 
determination of the proportion of loss of ignition 
(%LOI) and the proportion of element’s oxides. The 
proportion of LOI was determined as follows; 1.0 g 
± 0. 05 ± 0.000 5 g (mo) of each sample was put in 
an inflamed crucible for a total weight of m1. The 
sample with crucible were carried into an electric 
oven for calcination at regulated temperature of 
1150 ± 25 °C at 20 min. After calcination, the 
calcined sample and crucible were removed and 
rapidly carried to the desiccator to cool at the room 
temperature. The calcined-cooled sample was 
removed, weighed and the corresponding weight 
(m2) recorded. The percentage of LOI (%LOI) was 
calculated via formula (9) 
 

%𝐿𝑂𝐼 =
𝑚1−𝑚2

𝑚0
× 100  (9) 

 

The element oxides composition of each of the 
sample was determined on prepared pearl. The 
procedure was as follows; 1.0 g ± 0.05 g of calcined 
sample and 8 g of tetraborate of lithium were put 
into a crucible, and homogenized. 1 ml of lithium 
bromide was added into the mixture with the aid of 
a micropipette, mixed, and put in an electrical 
furnace for melting by heating at 1150 ± 25 °C for 
20 min. The hot melt was removed and poured into 
a mold to form a pearl after cooling. The obtained 
value of LOI was introduced of the XRF 
spectrometer after introducing the pearl. The 
sample’s oxide composition (wt.%) appears during 
manipulation XRF spectrometer on the connected 
computer monitor. 
 

2.3 Processing of the composite-roofing tiles  
 

After the characterization of the raw materials, 
(Monatélé-Sanaga river sand and chamotte), the 

next step was sample preparation and formulation 
of test specimens. The sample preparation and 
formulation of test specimens were done at the 
Local Materials Promotion Authority 
(MIPROMALO) in Yaoundé (Cameroon). Sand 
samples and chamotte were oven-dried separately 
at 105 oC at 24 h. The dried sands were sieved with 
2 mm mesh sieve; whereas, chamotte samples were 
crushed and sieved with a 250 μm mesh sieve. 
Plastic bottles were emptied, washed to remove all 
unneeded material, pieced, and sun-dried. 
 

 
Fig. 4. Formulated river sand-chamotte-plastic 
composite roofing tile’s test specimens (4 cm x 4 cm 
x16 cm) size. 

 
Composite roofing tiles test specimens (Figure 4) 
were formulated with the proportion of material 
presented in Table 1. The percentage of used plastic 
is 30 % (T30F), 35 % (T35F), 40 % (T40F), 45 % 
(T45F), and 50 % (T50F). Chamotte was used to 
partially replace sand at 0 %C, 5 %C, 10 %C, 15 %C, 
20 %C, and 25 %C for a total of % of plastic + % of 
sand+ % of chamotte = 100 %. A total of 60 test 
specimens were formulated as follows; weighed-
pieced plastic bottles, were wood-fire fused in a pot 
at 170 to 260 oC (constantly monitored with a test 
925 AG Germany thermocouple). The melted 
plastic was constantly mixed to homogenize. 
Weighed sand and chamotte were added to the 
melt and homogenized to obtaine a paste. The paste 
was poured into prepared molds (metal prismatic 
molds of 4x4x16 cm) soaked in motor oil and 
compacted in the molds to ensure uniformity 
before hardening. The mold was cooled open air 
before demolding. 

 
Table 1. Proportion (%) of raw materials used to process roofing tile’s test specimens (%S: Proportion of river 
sand; %C: Proportion chamotte). 

Formulation with plastic 
proportion  

Proportion of sand (S) and chamotte (C) 

0 % C 5 %C 10 %C 15 %C 20 %C 25 %C 

T30F 70 %S 65 % S 60 %S 55 %S 50 % S 45 %S 

T35F 65 %S 60 % S 55 %S 50 %S 45 %S 40 %S 

T40F 60 %S 55 %S 50 %S 45 %S 40 %S 35 %S 

T45F 55 %S 50 %S 45 %S 40 %S 35 %S 30 %S 

T50F 50 %S 45 %S 40 %S 35 %S 30 %S 25 %S 

T30F :30 % of plastique, T35F ; 35 % of plastique, T40F ; 40 % of plastique, T45F ; 45 % of plastique, T50F ; 50 % of plastique 
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2.4 Quality tests carried out formulated 
specimens 

Quality tests carried out formulated composite 
roofing tile’s test specimens include the physical 
tests (determination of the apparent density, 
water absorption, and the porosity). They also 
include the mechanical tests (the determination 
of the flexural and compression strength). They 
were carried out on 60 formulated specimens (2 
tests/formulation). 
 
The apparent density was determined by 
immersing each specimen in water found in the 
pycnometer. The procedure was as follows; Each 
dried sample was weighed and the 
corresponding weight (Wd) recorded. The 
weighed specimen was immersed in water found 
in the pycnometer. The volume (Vd) of water 
displaced during the immersion of the specimen 
was measured. The obtained value and the 
weight (Wd) were used to calculate the apparent 
density via formula (10).  
 

𝐴𝐷 =
𝑊𝑑

𝑉𝑑
 (10) 

 
With Wd: Weight of the dried specimen before 
immersion (g), Vd: Volume of water displaced 
during immersion (cm3), AD: Apparent density 
(g/cm3). 
 
The water absorption test was carried according 
the ASTMC20 [24] standard. Each dried test 
specimen was weighed for a corresponding 
weight (wd). The weighed sample was immersed 
in water for 24 h. The immersed specimen was 
removed, wiped, and weighed. The obtained 
weight value wh and wd were used to calculate 
the water absorption via formula (11). 
 

𝑊𝑎𝑏 =
𝑤ℎ − 𝑤𝑑

𝑤𝑑
× 100 (11) 

 
With wh: Weight of the humid specimen from 
immersion (g), wd: Weight of the dried 
specimen before immersion (g), Wab: Water 
absorption (%). 
 
The porosity test was carried according the 
NFP18-459 [25] standard. Each dried specimen 
was weighed (wd). The dried specimen was 
immersed in water and removed after 24 hours. 
This sample was sponged and weighed. The 

obtained weight (wh) was recorded. The 
sponged specimen was weighed with scale 
hosting hydrostatic device; after being 
systematically immersed in water found in the 
weighing scale. The weight of water (ww) was 
obtained and used to calculate the porosity via 
formula (12). 
 

𝑃 =
𝑤ℎ − 𝑤𝑑

𝑤ℎ − 𝑤𝑤
× 100 (12) 

 

 With wh: Weight of the humid specimen from 
immersion (g), wd: Weight of the dried specimen 
before immersion (g), ww: Weight of water in the 
hydraulic device during the second immersion 
(g), P: Porosity (%). 
 
The flexural and compression strength tests 
carried out on each test specimen, were done 
with the aid of a 500 KN hydraulic press machine 
(Ele International). These tests were carried out 
according the EN12390-2 [26] standard. The 
flexural strength test was carried out as follows; 
a load force was applied vertically on the 
opposite side face of each specimen placed 
horizontally on the plate of the hydraulic 
machine. This force was time-increased until 
failure. The corresponding force value was read 
directly on the used machine. This value was 
used to calculate the flexural strength, with this 
formula (13). 
 

𝐹𝑆 =
3𝐹𝐿

2𝑏ℎ2 (13) 

 

With F: Applied load force (KN), L: Distance 
between two support points, b: Width of the 
specimen (mm), h: Thickness of the specimen 
(mm), FS: Flexural strength (MPa). 

 
The compression strength test was carried out on 
specimens from the flexural strength test. A load 
force was applied on the 4 x 4 cm2 surface of the 
specimen. This force was increased until failure. 
The corresponding force was read on the device. 
This force value and that of the surface were used 
to calculate the value of the compression strength 
with formula (14). 
 

𝐶𝑆 =
𝐹

𝑆
 (14) 

 

With, F: Applied load force (KN), S: Surface area 
on which the load force was applied, CS: 
Compression strength (MPa). 
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3. RESULTS AND DISCUSSIONS 
 

The obtained results for particles size analysis, 
specific gravity, apparent density and 
geochemical analysis for Monatélé-Sanaga river 
sand and used chamotte are presented and 
discussed separately, leading to their 
characterization as raw materials for the 
formulation of plastic recycled composite roofing 
tiles. Quality tests results from water absorption 
test, porosity test, apparent density test, flexural 
strength test, and compression test carried out on 
formulated tile’s test specimens are also 
presented and discussed. 
 
3.1 Characteristics of Monatélé-Sanaga river 

sand and chamotte 
 
The particle size distribution plot diagram for 
Monatélé-Sanaga river sand and used chamotte 
are presented in Figure 5. Calculated parameters 
such as fineness modulus (FM), uniformity 

coefficient (Cu), and curvature coefficient (Cc) 
helped to characterize the sand sample (Table 2). 
The FM for the Monatélé-Sanaga river sand 
calculated based EN12620 [20] standard is 2.94; 
greater than that of river sand in Maroua with FM 
(≤ 2.91) studied by Nafissatou et al., [27]; and that 
of sand from river Sanaga (FM: 2.03) studied by 
Nkotto et al., [11] (see Table 2).  
 

 
Fig. 5. The particle size distribution curves for the 
Monatélé-Sanaga river sand and used chamotte. 

 
Table 2. Grain size distribution parameters, SG and AD for studied sand compared with those published for some 
river sands. 

Sample FM Cu Cc SG (g/cm3) AD (g/cm3) 

Monatélé -Sanaga river sand 2.93 3.6 1.36 2.59 1.60 

Maroua River sand [27] 2.43-2.91 2.36-3.37 0.4-0.99 - 1.44-1.54 

Sanaga alluvial sand [11]  2.03 - - - - 

River sand in Opara et al., [31]  2.54 2.11 0.9 2.64 1.570 

River sand in Abdias et al., [32]  - - - 2.5-2.7 1.6-18 

Acceptance limit for concrete 
in Opara et al., [31] 

2.2-3.2 - - 2.6-2.8  

 
FM is usually used to classify sand samples [28, 
29]. When FM of a sand sample is within 1.8 to 
2.2, the analyzed sample is fine-grained; when FM 
is within 2.2 to 2.8, the sand sample is 
preferential; it is a bit coarse-grained, when FM is 
within 2.8 to 3.3 [28]. According to the ASTM C33 
[29] standard, when the FM is within 2.5 to 3.5, 
the studied sand is classified as medium-grained. 
The FM (2.94) for the studied sand sample is 
within 2.8 and 3.3; which belongs to a bit coarse-
grained class in Ghomari and Bendi-Ouis [28] 
classification scheme; but, fall within medium-
grained sand in ASTMC33 [29] standard 
classification. This sand sample is lightly to be 
medium to a bit coarse-grained, slightly different 
to medium grained from Maroua [27]; and 
completely different to predominantly fine-
grained sand from river Sanaga [11]. In Ghomari 
and Bendi-Ouis [28] a bit coarse-grained class 

sands formulate resistance concretes with 
limited segregation effect. This shows that the 
studied sand can be used to formulate resistance 
concretes with limited segregation effect. Nkotto 
et al., [11] used their sand sample to 
experimentally process plastic-based tiles. They 
realized that formulations with 20 % of plastics 
have lower water absorption in line with the 
ISO62 [30] standard for roofing tiles. From this 
difference, it is not possible to draw a conclusion 
at this stage. This conclusion would be done after 
quality tests on formulated tile’s test specimens. 
 
The obtained value of the coefficient uniformity 
(Cu) is 3.6; and that of Coefficient of curvature 
(Cc) is 1.36 (Table 2). The obtained Cu is higher 
that of river sand (Cu: 2.11) presented in Opara 
et al., [31] and that of river sand in Maroua (Cu 
2.36 to ≤ 3.37) studied by Nafissatou et al., [27], 
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but, greater 3 which for Abdias et al. [32] shows 
that the particle size is uniform or even tight. 
The Cc (1.36) is higher than that of river sand 
(Cc= 0.96) presented in Opara et al., [31] and 
that of river sand in Maroua (Cc: 0.44 to < 1, 
classified as poorly graded; [27]); but, within 
the range limit (Cc: 1 to 3) for well graded soil, 
as classified in Abdias et al., [32]. The studied 
sand sample with its Cc slightly higher than 1, 
seems to be well graded.  
 
Particle size analysis carried out on crushed 
chamotte, shows that it is made up of 45.6 % of 
fine-grained particles, 37.6 % of medium-
grained particles, and 16.8 % coarse-grained 
particles (Table 3). This shows the 
predominance fine-grained particles over 

medium and coarse-grained particles, 
respectively. The predominance of fine-grained 
particles over medium and coarse-grained 
particles was also obtained by Al-Taie and Abu-
Hamatteh [33] after grain size distribution 
analysis of their chamotte. Slight differences 
are observed between the result in this study 
and those presented in Al-Taie and Abu-
Hamatteh [33] (Table 3). These include the 
proportional difference, with values for the 
studied chamotte being lower than those of Al-
Taie and Abu-Hamatteh [33]; excepting that of 
the medium-grained fraction. The 
characterized chamotte can be named fine to 
coarse-grained type; which might be a good 
parameter for its use in processing sand-
chamotte-plastic composite roofing tiles. 

 
Table 3. Particle size, SG and AD for used chamotte compared with those published by other authors. 

Sample 
Grain size proportion SG  

(g/cm3) 

 AD  

(g/cm3) Fine grained size (%) Medium grained size (%) Coarse grained size (%) 

Chamotte (this study) 45.6 35.6 16.8 1.74 1.26 

Chamotte in [33]  50 20 30 - - 

Chamotte in [34] - - - 2.74 1.43 

 
The specific gravity (SG) for Monatélé-Sanaga 
river sand sample is 2.60 g/cm3(Table 2). This 
value falls within those of river (2.5-2.7 g/cm3) 
in Abdias et al., [32]; but, slightly below that of 
river sand (2.64) presented in Opara et al., [31]. 
For Opara et al., [31] the acceptance SG limit 
values for river sand used in concrete 
production range from 2.6-2.8 g/cm3. The SG 
value for the studied river sand is very close the 
minimum limit SG (2.6 g/cm3) accepted for 
concrete production; which shows that the 
Monatélé-Sanaga river sand is good in concrete 
production. 
 
The specific gravity for chamotte is 1.74 g/cm3 

(Table 3). This value is out of the SG typically 
range limit (2.6-3.0 g/cm3) for chamotte. It is 
also less than that of chamotte (2.741 g/cm3) 
Soukup et al., [34] used to process geopolymer 
composites for energy storage. The cause of 
this relatively low SG is difficult to determine at 
this stage; although, many factors such as the 
nature of raw material used to process the 
chamotte and processing technic can influence 
its specific gravity [34]. This chamotte can be 
classified as very low-SG type; probably good 
for composite roofing tiles processing.  
  

The apparent density of the rive sand sample is 
1.598 g/cm3 (Table 2). The apparent density for 
river sand ranges from 1.6 to 1.8 g/cm3 [32]. The 
obtained density for Monatélé-Sanaga river sand is 
very close to the minimum value (1.6 g/cm3) for 
river sand apparent density presented in Abdias et 
al., [32]. For Abdias et al., [32], poorly sorted sands 
with more porous minerals will have lower bulk 
densities, and coarse-grained, when the density is 
close 1.6 g/cm3. If based on Abdias et al., [32] study, 
the Monatélé-Sanaga river is coarse-grained, and 
not well sorted. The obtained density is greater 
than that of river sand from Maroua (AD: 1.44 to 
1.54) study by Nafissatou et al., [27]; but, slightly 
higher that of river sand (1.570 g/cm3) studied by 
Opara et al., [31]. Nafissatou et al., [27], based on the 
NF P18-554 [35] standard, classified their Maroua 
river sand as slightly low-density sand. The studied 
sand with its apparent density very close to the 
minima value (1.6 g/cm3) required for river sand, 
and higher than those Maroua river sand and that 
of Opara et al. [31] can be considered slightly low-
density sand; probably good for composite roofing 
tiles processing.  
 
The obtained apparent density for chamotte used 
to formulate the sand-chamotte-plastic-based 
composite tiles is 1.26 g/cm3(Table 3). The 
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apparent density has been used to classify 
chamotte in two main groups [34]: (1) lightweight 
insulating types with the values of apparent density 
ranging from 0.3 to 1.3 g/cm3; and (2) denser 
refractory aggregates, with apparent density 
ranging from 2.2 to 2.6 g/cm3. The value of the 
characterized chamotte (AD: 1.26 g/cm3), fall 
within the lightweight insulating types. This AD is 
less than that of chamotte (1.428 g/cm3) presented 
in Soukup et al., [34] (see Table 3). The chamotte in 
Soukup et al., [34] was used to process a composite 
material. It is therefore possible that the apparent 
density of the studied chamotte is compatible for its 
use in processing composite roofing tiles. 

The major oxide’s composition of the analyzed river 
sand sample shows the predominance of SiO2 of 
over the other oxides (Table 4). The SiO2 content is 
65.79 wt.%. This content is followed by that of Al2O3 
(12.08 wt.%), K2O (4.1 wt.%), and CaO (1.3 wt.%), 
respectively. Intermediate and non-negligible 
contents are that of Na2O (0.87 wt.%) and Fe2O3 
(0.57 wt.%). The content of MgO, SO3, TiO2, Mn2O3, 
P2O5, ZnO, and SrO, are below 0.05 wt.%. The 
calculated ratios K2O/ Na2O, SiO2 /Al2O3, and K2O/ 
Al2O3 are 5.0, 5.42, and 0.34, respectively. The 
proportion of LOI is 11.79 wt.%. The 65.79 wt.% is 
less than the values (76.14-79.37 wt.%) for Maroua 
river sand samples [27]. 

 
Table 4. Major oxides composition for Monatélé-Sanaga river sand and used chamotte. 

Sample oxide composition (wt.%) River Sand Chamotte 

SiO2 65.79 64.94 

Al2O3 12.08 12.7 

Fe2O3 0.57 0.97 

CaO 1.3 1.03 

MgO 

Na2O 

0.04 

0.82 

0.23 

1.27 

K2O 4.1 5.22 

SO3 0.04 0.1 

TiO2 0.02 0.01 

Mn2O3 0.02 0.03 

P2O5 - 0.02 

ZnO 0.01 0.01 

SrO 0.015 0.015 

V2O5 - - 

Cr2O3 - - 

ZrO2 - - 

LOI 11.79 12.76 

Total 96.53 99.24 

LOI = Loss on ignition. 

 
Nafissatou et al., [27] related the silica contents in 
the Maroua river sand to the presence of quartz. 
The same suggestion can be done for the studied 
sand. The Al2O3 is much higher than that of Maroua 
(9.15-9.65 wt.%) which were related to presence 
aluminosilicate minerals (e.g., feldspars, clay 
minerals, and micas) [27]. It is probable that the 
relatively high Al2O3 content in the studied sand 
could lightly be related to presence of 
aluminosilicate minerals; with their proportion, 
much higher in the studied sand than in the 
Maroua river sand. The presence of 
aluminosilicate minerals is supported by the 
K2O/Na2O and SiO2 /Al2O3 ratios; which are 
compatible with values for river sand enclosing 
high K-feldspar and plagioclase; as river sands 

with high K-feldspar and plagioclase have a K2O/ 
Na2O > 1, K2O/ Al2O3 < 5, and SiO2 /Al2O3 > 6 (cf [27, 
36]). For Kagonbé et al., [37], high Al2O3 content in 
sand plays important role during the firing 
process. This shows that the studied sand is much 
suitable for the production of tiles or other 
refractory products. The Fe2O3 (0.57 wt.%) is 
relatively lower than those of Maroua sand 
samples (1-1.03) which for Nafissatou et al., [27] is 
a coloring agent for a fired product. The high value 
of LOI might be due to presence of high content of 
volatile, hydroxides, organic matters. The studied 
sand is a high silica-alumina type probably bearing 
quartz and, aluminosilicate minerals; which might 
play important role during the firing process 
leading to the production of roofing tiles. 
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The major oxide composition for used chamotte 
sample shows the predominance of SiO2 of over 
the other oxides (Table 4). The SiO2 content is 
64.94 wt.%. This content is followed by that of 
Al2O3 (12.7 wt.%), K2O (5.22 wt.%), Na2O (1.27 
wt.%), CaO (1.03 wt.%), and Fe2O3 (0.97 wt.%), 
respectively. The content of MgO, SO3, TiO2, Mn2O3, 
P2O5, ZnO, and SrO, are below 0.24 wt.%. The 
proportion of LOI is 12.76 wt.%. The calculated 
CaO+ MgO and Na2O+ K2O contents are 1.26 wt.% 
and 6.49 wt.%, respectively. Typical chamotte is 
geochemically composed of SiO2 (40 to ≥ 60 wt.%), 
Al2O3 (20 to ≥ 40 wt.%), Fe2O3 ≤ 4.0 wt.% (< 2.0 
wt.% for high quality material), TiO2 (< 3.0 wt.%), 
and CaO+ MgO < 2.0 wt.%, K2O ≤ 3.0 wt.%, and 
Na2O content in trace. Within the quantified oxide 
values, only that Fe2O3, TiO2, SiO2, and CaO + MgO 
fall within the values of typical chamotte. The 
Al2O3 content is less than that of the typical 
chamotte. The study chamotte can be classified as 
high SiO2 and low Al2O3 chamotte consequently, 
low refractoriness; as higher Al2O3 in chamotte 
generally indicates higher refractoriness. The total 
alkaline (Na2O+ K2O: 6.49 wt.%) is more than the 
value in typical chamotte; classifying the studied 
chamotte as a relatively high alkaline chamotte. 

The relatively high SiO2 and relatively low Al2O3, 

suggests the presence of quartz and 
aluminosilicate minerals (mullite), as they are 
frequently found in most chamotte (c.f [38]). 
Mineralogical studies were not carried to correlate 
the geochemical data with the mineralogy. 
 
3.2 Characteristics and quality of the 

processed composite-roofing tiles  
 
The mean values of apparent density (AD) in 
Table 5, vary from one test specimen to another. 
In a general point of view, they range from 2.12 to 
1.65 g/cm3. Figure 6 generally shows a decrease 
of AD with the increase in proportion of plastic 
and that of chamotte. The highest values are 
those of test specimens in T30F, whereas, the 
lowest are those in T50F. The mean values of AD 
vary from 2.12 to 1.65 g/cm3 for 0 %C; from 1.92 
to 1.7 g/cm3 for 5 %C; from 1.97 to 1.72 g/cm3 for 
10 %C; from 1.84 to 1.64 g/cm3 for 15 %C; from 
1.94 to 1.70 g/cm3 for 20 %C; and from 1.90 to 
1.64 g/cm3 for 25 %C. The decrease in value of AD 
with the increase in proportion of chamotte and 
that of plastic is probably due the fact that sand is 
much dense than chamotte and plastic.  

 
Table 5. Apparent density for formulated roofing tile’s test specimens. 

Test specimen with plastic proportion Mean values of apparent density (g/cm3) 

0%C 5%C 10%C 15%C 20%C 25%C 

T30F 2.12 1.92 1.97 1.84 1.94 1.90 

T35F 1.94 1.90 1.97 1.80 1.86 1.80 

T40F 1.77 1.84 1.87 1,82 1.64 1.75 

T45F 1.75 1.73 1.77 1.79 1.73 1.75 

T50F 1.65 1.70 1.72 1.65 1.70 1.64 

 

 
Fig. 6. Line graphs showing the variation of apparent 
density for processed roofing tiles test specimens. 

 
The apparent density of the used chamotte is 1.26 
g/cm3: that of used sand is 1.60 g/cm3. The AD 
difference between the used chamotte and sand 

might be the cause of the decrease in density 
during the partial replacement of sand with 
chamotte when formulating the test specimens. 
According the ASTMC373 [39] and ISO10545-3 
[40] standards, the AD for roofing tiles ranges 
from around 2.0 to 2.3 g/cm3 (which shows lower 
porosity, crucial for freeze-thaw resistance and 
durability). The values of apparent density for 
geopolymer roofing tiles studied by Reggiani [9] 
range from 1.47 to 1.65 g/cm3, and from 1.72 to 
1.75 g/cm3. The obtained AD values in this study 
excepting T30F with 0 %C (2.12 g/cm3), are 
dominantly less than values required by 
ASTMC373 [39] and ISO10545-3 [40] standards; 
but, largely higher than those of geopolymer 
roofing tiles in Reggiani [9]. This might have 
positive impact on their resistance. 



Pierre Odi Nkoulou et al., Journal of Materials and Engineering Vol. 04, Iss. 2 (2026) 271-286 

 281 

The mean values of water absorption (Table 6) 
and plot (Figure 7), show an extreme variation 
(ranging from 0 to 1.36 %). They range from 
0.52 to 0.64 % for 0 % C; from 0.23 to 0.88 for 
5 % C; from 0 to 1.17 % for 10 % C; from 0.41 
to 1.30 for 15 % C; from 0.23 to 1.36 for 20 % 
C; and from 0.43 to 0.66 for 25 % C. The highest 
values are that of formulations T40F with 20 
%C, T50F with 15 %C, and T40F with 10 %C, 
respectively. The lowest values are selectively 
that of T30F with 5 %C, T30F with 10 %C, T30F 
with 20 %C, T35F with 10 %C, T40F with 15 
%C. The water absorption in T30F and T35F 
decreases with the increase in proportion of 
chamotte from 0 to 10 %: increases after 10 % 
substitution to up to 15 %; but, slight decreases 
at 20 %C, before, increases at 25 %C. This is not 
the case for formulations in T40F, T45F, and 
T50F. An increase in water absorption is 
noticed when the proportion of chamotte 
increase from 0 to 10 % for T40F, and from 0 to 
5 % for T45F and T50F. According to the 
AS4046.4 [41] standard, the percentage of 
water absorption for roofing tiles shall not be 
more than 10 % for tiles graded for general 

purpose. According to the ASTMC373 [39] 
standard, the water absorption for roofing tiles 
range from < 10 to 15 % or from 6 to 10 %; but, 
can be less than 3 % for premium tiles; and 
water absorption more than 10 % indicates 
lower quality and also lower durability. The 
water absorption obtained for the formulated 
roofing tile test specimens dominantly less 1 % 
(Table 6), are within the range limit (< 3%) for 
premium roofing tiles as (c.f. [39]); below those 
of concrete roofing tiles (3.05 to 4.35 %) 
presented in Sivapriya and Clydin [10], and 
dominantly less than those of plastic-sand-
based composite roofing tiles (0.62-2.25 %) 
published by Nkotto et al., [11]. If based on the 
values of water absorption required by the 
ISO62 [30], ASTMC373 [39], and AS4046.4 [41] 
standard, and those of tiles presented in 
Sivapriya and Clydin [10], and Nkotto et al., 
[11], the processed tiles test specimens are low 
water absorption types, and more closer to the 
premium tiles with probably, high quality and 
high durability, as water absorption more than 
10 % indicates lower quality and also lower 
durability (c.f. [39] ).  

 
Table 6. Water absorption mean values for formulated composite roofing tile’s test specimens. 

Test specimen with plastic proportion 
Mean values of water absorption (%) 

0%C 5%C 10%C 15%C 20%C 25%C 

T30F 0.64 0.23 0 0.49 0.23 0.53 

T35F 0.65 0.60 0.29 0.69 0.55 0.43 

T40F 0.61 0.73 1.17 0.41 1.36 0.66 

T45F 0.52 0.88 0.71 0.64 0.49 0.54 

T50F 0.52 0.88 0.66 1.30 0.51 0.63 

 

 
Fig. 7. Line graph showing the variation of water 
absorption for processed roofing tiles test specimens. 
 

The mean values of porosity vary from 0 to 
2.03 % (Table 7). They also show an extreme 
variation (Figure 8). They vary from 0.88 to 

1.19 % for 0 %C, from 0.41 to 1.61 % for 5 %C, 
from 0 to 1.87 % for 10 %C, from 0.69 to 1.99 
% for 15 %C, from 0.41 to 2.03 % for 20 %C, 
and from 0.79 to 1.08 % for 25 %C. The main 
picks of porosity are that of formations T40F 
with 20 %C, T50F with 15%C, T40F with 10 %C 
and T45F with 5 %C; whereas, the lowest 
values are selectively that of T30F with 5 %C, 
T30F with 10 %C, T30F with 20 %C, T35F with 
10 %C, T40F with 15 %C. This was almost the 
same case with water absorption. It therefore 
shows a correlation between the water 
absorption and porosity. In general point of 
view, the values of porosity show a slight 
increase from T30F to T35F and slight 
decrease to up to T50F. For 5 %C, an increase 
in porosity is noticed from T30F to T45F. For 
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10%C, an increase in porosity is noticed from 
T30F to T40F, and a decrease, after T40F. This 
is the same for 20 %C. For 15 %C, an. increase 
is observed from T30F to T35F, and from T40F 
to T50F. The partial replacement of sand with 
chamotte and the increase in proportion of 
plastic in the different formulations selectively 
reduce the proportion porosity. According to 
the ASTMC373 [39] standard, the values of 
porosity for roofing tiles roughly range from 

14 to 20 %. The values of porosity for plastic-
sand-based composite roofing tiles published 
by Nkotto et al., [11] vary from 1.26-4.37 %. 
The obtained mean values of porosity are less 
those required by ASTMC373 [39] standard, 
and dominantly less than those of plastic-sand-
based composite roofing tiles in Nkotto et al., 
[11]; which classify the formulated test 
specimens as less porous types.  

 
Table 7. Porosity mean values for formulated composite roofing tile’s test specimens. 

Test specimen with plastic proportion 
Mean values of porosity (%) 

0%C 5%C 10%C 15%C 20%C 25%C 

T30F 1.16 0.41 0 0.85 0.41 0.91 

T35F 1.19 1.07 0.62 1.16 1.00 0.79 

T40F 1.04 1.27 1.87 0.69 2.03 1.05 

T45F 0.91 1.61 1.27 1.17 0.94 0.92 

T50F 0.88 1.41 1.08 1.99 0.93 1.08 

 

 
Fig. 8. Line graph showing the variation of porosity for 
processed roofing tiles test specimens. 

 
The flexural strength (FS) results in Table 8 and 
plot in Figure 9, show heterogeneity; both for 
the increase in proportion of plastic and that of 
chamotte. For 0 %C test specimens, the flexural 
strength varies from 3.68 to 1.86 MPa from 
T30F to T50F (which shows a decrease of 

strength with the increase in proportion 
plastic). It varies from 3.98 to 1.53 MPa when 5 
%C is used. The same strength value (3.67 MPa) 
is obtained for T30F (0 %C), T30F (5 %C), T35F 
(5 %C), T45F (5 %C), and T40F (10 %C). A 
decrease of strength is recorded after T40F. 
The strength values vary from 1.22 to 4.29 MPa 
with a decrease of strength from T30F to T50F 
(when 10 %C is used). Which is similar to the 
behavior when 0% C is used, but different, 
when 5 %C is used. For 15 % C replacing sand, 
the flexural strength varies from 1.53 to 5.24 
MPa, with the value 3.37 MPa for T45F (20 %C) 
being similar to that of T45F (15 %C). A 
drecrease of strength is observed from T30F to 
T40F and after T45F. The flexural strength for 
specimens formulated with 20 %C partial 
replacement of sand ranges from 1.84 to 4.59 
MPa; with the same strength (3.98 MPa) 
obtained for T35F (20 %C) and T40F (20 %C). 

 
Table 8. Flexural strength mean values for formulated composite roofing tile’s test specimens. 

Test specimen with plastic proportion 
Mean values of flexural strength (MPa) 

0%C 5%C 10%C 15%C 20%C 25%C 

T30F 3.67 3.67 4.29 5.20 4.59 6.12 

T35F 3.06 3.67 3.98 3.06 3.98 4.59 

T40F 3.06 3.98 3.67 2.45 3.98 2.45 

T45F 2.76 3.67 3.37 3.37 4.29 4.59 

T50F 1.84 1.53 1.22 1.53 1.84 2.45 



Pierre Odi Nkoulou et al., Journal of Materials and Engineering Vol. 04, Iss. 2 (2026) 271-286 

 283 

 
Fig.9. Line graph showing the variation of flexural 
strength for processed composite roofing tiles test 
specimens. 
 

This value is similar to that of T35F (10 %C) and 
T40F (5 %C). For formulations with 25 %C; the FS 
values vary from 2.45 to 6.12 MPa; with the same 
strength (4.59 MPa) obtained for T35F (25%C) and 
T45F(25%C). The lowest value 2.45 MPa is found 
in both T50F (25 %C) and T40F (25 %C). The 
highest FS values are generally those of 
formulations T30F, and that of 25 %C. The lowest 
values are those of T50F. It is not easy to correlate 
the low FS of T50F to high porosity and high-water 
absorption, since the values of porosity and water 
(Table 8) are variable (relatively high for some 
specimens and lower for others). The obtained FS 
compares to those of roofing tiles published by 
other authors and the standardized values show 
some similarities and differences. The FS values for 
plastic-sand composite roofing tiles test specimens 
published by Nkotto et al., [11], vary from 0.23 to 
5.32 MPa. Those of concrete tiles by Varela et al., 
[6], vary from 0.24 to 0.51 MPa. The standardized 
FS values for concrete roofing tiles vary from 0.24 
to 0.89 MPa, or higher depending on 
additives/materials [6]. The obtained FS values 
(1.22 -6.12 MPa with most values exceeding 3.3 
MPa) are generally more than those of specimens 
published in Nkotto et al., [11]. They are largely 
more than standard values for concrete roofing 
tiles and those of specimens published by Varela et 

al., [6]. The FS values for the test specimens make 
them relatively much resistant. 
 
The mean values of compression strength (CS) and 
plotted data show a variation from one test specimen 
to another (see Table 9 and Figure 10). They range 
from 9.80 to 17.14 MPa for 0 %C partial replacement, 
and from 12.49 to 19.84 MPa for 5 %C replacement 
(with the values been generally higher than those of 
0 %C replacement); showing that, the increase of 5 % 
chamotte have increased the CS. For 10 % chamotte 
replacement (10 %C), the CS varies from 14.69 to 
15.92 MPa, with an increase of CS for T40F, T45F and 
T50F. For 15 %C, the CS varies from 13.71 to 19.59 
MPa (with an increase of strength for T30F, T45F, 
and T50F). For 20 %C partial replacement, the CS 
ranges from 13.88 to 15.10 MPa; with two specimens 
T30F and T40F having the same CS (13.88 MPa), 
similar to that of T40F (15 %C). The CS (14.69 MPa) 
of T35F (20 %C) is similar to that of T45F (20 %C), 
T35F(10 %C); T40F (0 %C), T40F(5 %C), and T50F 
(5%C). For 25%C replacement, the CS varies from 
10.61 to 17.67 MPa with 13.88 being the same as for 
T30F (20%C), T40F (20%C), and T40F (15 %C). The 
obtained CS, compared with those of roofing tiles 
published by other authors and standardized values, 
show some similarities and differences. The CS values 
for sand-plastic composite roofing tile’s test 
specimens published by Nkotto et al., [11], vary from 
4.67 to 7.13 MPa. Those of concrete roofing tiles 
published by Varela et al., [6], vary from 0.1 to 0.39 
MPa. Those published by Rajalakshmi et al., [2] for 
agro-industrial roofing tile and ordinary clay roofing 
tile, vary from 1.30 to 8.21 MPa. The standard range 
of CS of clay roofing tiles varies from 8 to 10 MPa [2]. 
The CS values (9.76-19.84 MPa) for the studied test 
specimens are dominantly higher than the standard 
CS for ordinary clay roofing tiles, and are largely more 
than those of roofing tiles test specimens published in 
Nkotto et al., [11], Varela et al., [6], and Rajalakshmi et 
al., [2]. This indicates that the processed specimens 
exhibit higher mechanical strength much than the 
compared tiles. 

 

Table 9. compression strength mean values for 
formulated composite roofing tile’s test specimens.  

Test 
specime
n with 
plastic 
proporti
on 

Mean values of compression strength (MPa) 

0%C 5%C 
10%
C 

15%
C 

20%
C 

25%
C 

T30F 
14.2

9 
19.8

4 
15.5

1 
19.5

9 
13.8

8 
16.3

3 

T35F 
17.1

4 
18.3

7 
14.6

9 
13.7

1 
14.6

9 
17.9

6 

T40F 
14.6

9 
14.6

9 
15.8

4 
13.8

8 
13.8

8 
10.6

1 

T45F 9.80 
12.4

9 
15.5

9 
18.7

8 
14.6

9 
13.8

8 

T50F 
11.8

4 
14.6

9 
15.9

2 
15.9

2 
15.1

0 
13.0

6 
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Fig. 10. Line graph showing the variation of 
compression strength for processed composite 
roofing tiles test specimens. 

 
The use of sand, chamotte, and plastic to process 
composite roofing tile increases the flexural 
strength, compression strength and produces 
high resistant tiles. This could be attributed the 
binding effect of molten plastic and the relatively 
high Al2O3 content in both chamotte and the river 
sand. For Kagonbé et al., [37], high Al2O3 content 
in sand plays important role during the firing 
process. After the compression strength, flexural 
strength, porosity, water absorption, and 
apparent density test results carried out on 
formulated specimens, composite roofing tiles 
were processed with this formulation (30 % of 
plastic+ 10 % of chamotte + 50 % river sand) (see 
prototype in Figure 11). This high resistance 
polymer-composite roofing tiles, processed by 
incorporating recycled PET plastic waste and 
local aggregates (river sand and chamotte) 
represents a promising route toward sustainable 
construction material with reduced 
environmental footprint.  
 

 
Fig. 11. Processed river sand-chamotte-¨PET plastic-
based composite roofing tile prototype with 30 % of 
PETplastic+10 % of chamotte+ 60 % of sand. 

4. CONCLUSION 
 
Based on the work characterizing Monatélé-
Sanaga river sand and chamotte, and combining 
them with PET plastic in a thermal processing of 
sand-chamotte-plastic composite roofing tiles 
and results obtained, the following conclusions 
were made:  

1. The grain size distribution parameters 
(fineness modulus, uniformity coefficient, 
and curvature coefficient), and specific 
gravity for Monatélé Sanaga river sand show 
that it is medium to a bit coarse-grained, well 
graded and good for concrete production. 
The apparent density classifies it as not well 
sorted and slightly low-density sand. 
Geochemical feature of the studied sand 
shows a relatively high SiO2 with significant 
Al2O3 suggesting the presence of quartz and 
aluminosilicates minerals important for the 
production roofing tiles.  

2. Particle size analysis and specific gravity test 
carried out on crushed chamotte classifies it 
as fine to coarse-grained and very low-SG 
type; good for composite roofing tiles 
processing. The apparent density of the 
chamotte classifies it as lightweight 
insulating type (compatible with those used 
in processing composite roofing tiles). The 
geochemical feature classifies it as high SiO2-
low Al2O3 and slightly high alkaline chamotte 
suggesting the presence of quartz and 
aluminosilicate minerals (interesting in tiles 
processing).  

3. Quality (apparent density, water 
absorptions, porosity, flexural and 
compression strength) tests carried out 
formulated test specimens show a variation. 
The apparent density decreases with the 
increase in proportion of chamotte and 
plastic, probably due the fact that sand is 
much dense than chamotte and plastic. The 
water absorption places the formulated test 
specimens within the low water absorption 
type, closer to the premium tiles. The 
porosity classifies the test specimens within 
the less porous types. The flexural and 
compression strength more than standard 
values for concrete roofing tiles and 
ordinary clay-based roofing tiles, shows that 
the processed test specimens are much 
resistant.  
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