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Abstract:

Introduction/purpose: This study aimed to develop a cost-effective manual
plastic brick extruder for manufacturing composite bricks from recycled
polypropylene and brick powder. The goal was to address housing
challenges in developing countries while promoting sustainable waste
management.

Methods: A single screw extruder with a 60 mm die was fabricated,
featuring a manual crank, a heating system, and a hopper. Composite
specimens with varying polypropylene (30-80 weight percentages) and
brick powder (20-70 weight percentages) ratios were produced. Mechanical
testing was conducted, including compressive strength, flexural strength,
impact resistance, and density measurements.

Results: The 40:60 polypropylene:brick powder mixture exhibited optimal
compressive strength, ranging from 23.76-24.90 MPa. Flexural strength




peaked at the 50:50 ratio (11.86-12.5 MPa). Impact resistance decreased
with increasing brick powder content. Density increased linearly with brick
powder content, ranging from 1.48-1.77 g/cm® The extruder successfully
produced uniform composite specimens across all mixtures.

Conclusions: The study demonstrated the feasibility of producing composite
bricks using a low-cost, manually operated extruder. Two optimal mixture
compositions were identified: 40:60 polypropylene:brick powder for
maximum compressive strength and 50:50 for optimal flexural strength.
This approach offers a promising solution for affordable housing
construction while addressing plastic waste management in developing
regions. Future research should focus on optimizing the extrusion process,
exploring additional waste materials, and conducting long-term durability
studies of composite bricks.

Key words: manual extruder, polypropylene, brick powder, composite,
pavers.

Introduction

Composite materials, integral to modern materials science and
engineering, combine distinct phases to achieve superior properties.
Comprising a matrix and reinforcing elements, these materials offer
tailored characteristics that surpass individual components.

The synthesis of polymer-ceramic composites represents a significant
frontier in materials science, combining the flexibility and low density of
polymers with the high strength, hardness, and thermal stability of
ceramics. The melting method emerges as a key technique in this field,
wherein the polymer matrix is transformed into a molten state to facilitate
the integration of ceramic reinforcements. This approach allows for the
creation of materials that synergistically blend the advantageous
properties of both constituents (Ali et al, 2023). The meticulous control of
temperature during the melting phase ensures the homogenous dispersion
of ceramic particles within the molten polymer. Subsequent cooling
solidifies the composite, leading to a final material with a synergistic blend
of properties. The melting method offers precision in tailoring the
composite's microstructure, resulting in enhanced mechanical, thermal,
and functional characteristics.

Polymer-ceramic composites, produced via cost-effective methods
like melting, offer an innovative solution for plastic brick manufacturing in
developing countries. These composites combine polymer flexibility with
ceramic strength, creating affordable, durable bricks ideal for refugee
housing or earthquake-prone areas (Moulai Arbi, 2024). This approach
offers dual benefits: providing affordable construction materials and
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reducing waste through plastic recycling. It presents a sustainable solution
for resource-constrained regions while advancing eco-friendly, economical
building materials globally. (Thatheyus et al, 2020)

In their study, Patil et al. (2020) conducted an experimental study on
manufacturing plastic sand bricks using waste polypropylene (PP) and
polyethylene (PET). They processed post-consumer plastic waste, melting
PP and PET at 160°C and 180°C, respectively, and mixed them with sand
in ratios from 1:2 to 2:5. Six brick samples were produced and tested
according to standard methods. Notably, the brick with a 2:1 plastic-to-
sand ratio achieved a compressive strength of 12.43 N/mm?, exceeding
that of traditional clay bricks. The samples also exhibited excellent
durability, with zero efflorescence and low water absorption rates (O-
2.82%). This study demonstrates the potential of converting plastic waste
into high-quality construction materials.

Moulai Arbi et al. (2023) investigated the enhancement of thermal and
mechanical properties of waste polyethylene terephthalate (PET)
composites by incorporating brick sand reinforcement. The study
evaluated the effects of varying sand filler content (30% to 45%) on the
degradation temperature, glass transition, crystallization temperatures,
tensile strength, Young's modulus, and Charpy impact strength. The
addition of 45 wt% sand significantly improved the thermal degradation
temperature from 220°C in neat PET to over 314°C. Optimal tensile
strength (26.26 MPa) and Young's modulus (2771 MPa) were achieved at
30 wt% sand, but further increases in the filler content led to a decrease in
Charpy impact strength due to poor interfacial adhesion.

Hamzah & Alkhafaj (2022) developed an innovative method for
producing lightweight, eco-friendly bricks using low-density polyethylene
(LDPE) plastic waste, such as medical syringes, combined with natural
fillers like sawdust and sand. The study evaluated the mechanical and
physical properties of these bricks. Bricks with 20% sawdust filler showed
superior compressive strength (66 MPa) compared to those with higher
sand content (61 MPa at 60% filler). Sand-filled bricks had low water
absorption rates (under 1%), while sawdust variants absorbed up to 21%.
The bricks' density varied, with 0.7 g/cm? for 50% sawdust, and hardness
peaked at 70D with 60% sand content.

Lamba et al. (2022) reviewed researchers using the hand rod mixing
method to create plastic brick composites. This artisanal technique
involves manually blending polymer and ceramic materials, highlighting a
handcrafted approach, but it has significant scalability limitations. The
hand rod mixing method, though meticulous, is inefficient for large-scale
plastic brick production. Its manual nature limits rapid manufacturing and




consistent quality, making it impractical for mass production despite its
craftsmanship appeal.

Plastic extruders provide an efficient, automated solution for
producing uniform filaments from recycled plastic, enhancing sustainability
in material repurposing (Abeykoon et al, 2016).

Qin et al. (2024) analyzed extruder screw design and plastic wire
diameter control, emphasizing the importance of die design and heater
temperature for optimal efficiency. The study also highlighted extrusion
technology's adaptability in recycling thermoplastic materials.

Hanifah et al. (2023) examined the impact of screw-barrel clearance
and cooling fans on non-wheat noodle extruders. They found that reducing
clearance and using cooling fans improved the extruder performance by
preventing backflow, maintaining temperature, and enhancing the noodle
quality and energy efficiency.

Reichel & Krause (2016) investigated waste heat during the extrusion
of tubular profiles, focusing on energy efficiency and heat reuse. Their
study identified opportunities for utilizing waste heat in single grooved
barrel extruders. However, current extruder applications are mainly limited
to thin plastic filaments for testing or 3D printing, with challenges in
processing thicker materials, limiting broader industrial use.

Plastic extruders face limitations in producing polymer-ceramic
composites due to their thin exit holes, hindering large-scale
manufacturing of composite bricks. To address this, a dedicated plastic
brick extruder has been proposed, designed to handle the unique
requirements of polymer-ceramic composites. This specialized extruder,
available in both manual and automated versions, aims to overcome the
exit hole constraint and facilitate the production of larger structures. It
features a large spiral screw and a dual-mode turning mechanism for
enhanced efficiency and cost-effectiveness, particularly suited for
developing countries. This innovation promises to advance composite
material production and offer sustainable solutions for housing and
infrastructure challenges.

Plastic brick extruder

The fabricated extruder is a single screw extruder. Single screw
extruders are extruders which have only one screw in the system. They
are commonly used for simple and general materials. In recent years, a lot
of research has been done for more constant and stable extrusion. In
extruders, a material is mixed inside the barrel until the length of the
extrusion machine.

Extruders typically consist of mechanical parts and electrical parts.
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Mechanical parts

Manual crank

The crank handle, an essential component of manual extruders,
serves as a manual actuation mechanism for rotating the extruder screw
within the barrel. This hand-operated device is characterized by its
ergonomic design, facilitating the user's application of rotational force to
the screw (Figure 1a)). Integral to its functionality is the presence of a notch
(Figure 1b)) strategically positioned along its circumference. This notch
serves a pivotal role by engaging with a complementary feature on the
screw shaft, ensuring precise alignment and secure attachment. Through
this engagement, the crank handle effectively translates the rotational
motion exerted by the user into the corresponding movement of the
extruder screw, thereby facilitating the controlled extrusion process
essential for plastic processing applications.

Figure 1 — (a) Crank handle, (b) notch for the crank handle, (c) Self-aligning bearing
housings

The self-aligning bearing housings are pivotal components within
manual extruder assemblies, instrumental in securing and positioning the
extruder screw within the barrel (Figure 1c)). Crafted from durable cast
iron, these housings provide robust support to the screw shaft, effectively
enduring the mechanical stresses inherent to extrusion operations. Their
inherent self-aligning capability enables them to adapt to minor
misalignments, thereby enhancing operational efficiency and prolonging
the extruder's lifespan. By ensuring the secure and precise fixation of the
screw shaft, these bearing housings play a vital role in facilitating
consistent and accurate plastic extrusion, meeting stringent quality
requirements across diverse industrial applications.




Hopper

The hopper in Figure 2 serves as a pivotal component in the plastic
extrusion process, acting as the entry point for raw materials into the
extruder barrel. Typically situated atop the extruder assembly, the hopper
provides a reservoir for the plastic pellets or granules, ensuring a
continuous supply of material for the extrusion process. Its design often
incorporates features to facilitate efficient material feeding, such as a wide
opening for easy loading and a sloped interior to promote material flow
towards the extruder screw.

The larger diameter opening at the top of the hopper, where materials
are loaded, is a "filling port." In addition, it has a diameter of 20 mm. The
smaller diameter opening, situated at the bottom of the hopper and
connecting to the extruder barrel, is a "feeding inlet" and its diameter is 10
mm.

Figure 2 — Hopper

The feet of the extruder, integral to its stability and support, are
constructed from stainless steel. These feet are engineered to withstand
the mechanical forces exerted during extrusion operations while ensuring
the extruder remains securely anchored to the operating surface.
Additionally, the incorporation of small holes within these feet enhances

Abdelkader, D. et al, Design and performance of a manual extruder for recycled plastic-brick composite pavers, pp.1802-1831



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 4

their functionality by providing convenient attachment points for securing
the extruder to auxiliary surfaces, such as wooden platforms or
workbenches. Through these strategically positioned holes, users can
employ screws or bolts to firmly affix the extruder, thereby optimizing its
operational stability and minimizing the risk of movement or displacement
during use.

Screw

Fabrication of a screw involves precise and methodical processes to
ensure optimal performance and durability. The initial step in fabrication is
the cutting and shaping of the screw flights as seen in Figure 3, which are
typically made from flat metal sheets of stainless steel. These sheets are
cut into the desired flight shapes, then formed into helical structures using
metal forming tools. Once shaped, the flights are meticulously welded onto
a central shaft, ensuring strong and smooth welds to prevent material
buildup and ensure structural integrity.

Figure 3 — Screw fabrication method

The screw conveyor under consideration features a pitch of 140 mm,
a critical dimension influencing the material flow rate and conveying
efficiency (Figure 4). The screw has a unique design, with a small diameter
of 50 mm and a larger diameter of 160 mm, indicating a tapered or variable
diameter design that can accommodate varying material characteristics
and flow requirements. This design ensures efficient handling of materials
by gradually increasing the conveyor's capacity along its length, thereby
optimizing the load distribution and reducing the risk of blockages. The
total length of the screw conveyor is 1000 mm, providing a substantial
conveying distance suitable for various industrial applications. The
combination of these dimensions—specifically, the 140 mm pitch with a
tapered screw design—facilitates smooth and efficient material transport.




Figure 4 — screw conveyor dimensions
A=50 mm
B=160 mm
C=140 mm

Figure 5 shows the manufactured screw. Typical plastic extruder
screws have three zones of heating (feed zone, compression zone, and
metering zone); however, our work does not include these zones because
it works with big quantity of plastic and brick and the temperature is uniform
all over the tube in order to avoid difficulty in moving the mixture.

Figure 5 — Manufactured screw conveyor

Electrical parts

Electrical heaters are widely used nowadays because they are very
efficient and cost reducing. They are not expensive to maintain in
comparison to other heating systems.

A certain amount of current passes through the conductor with a
certain resistance which works as a barrier in the flow and generate heat.
The heat thus obtained is given below in the equation of Joule's Law:
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Q = PRt=V/=V?Rt (1)

where:

Q=charge flow, R = resistance , |= current, V= voltage, and t=time .

Resistors as shown in Figure 6 are connected in parallel; they are
subjected to the same voltage. Each resistor will have the same voltage
across it, resulting in the same current flowing through each one. This
ensures that they all generate the same amount of heat and thus maintain
the same temperature.

Heating bands

The heating bands are manually fabricated by forming a cylindrical
shape using ceramic paste (Figure 6a)), followed by creating four holes to
allow electrical wires to pass through. Subsequently (Figure 6b)), the
bands are cut in half to facilitate their installation in the extruder. The four
heating bands in the extruder serve to prevent the transmission of
electricity to the external body, ensuring safety.

Figure 6 — (a) Heating bands, (b) Heating bands with resistance wires

PID controller

A PID (Proportional-Integral-Derivative) controller is a device which
provides the Information to SSR ( Solid State Relay) when to turn on and
when to turn off. A PID reads the temperature of any system with the help
of a thermostat. It functions as the input panel to the system (Figure 7a)).

General-purpose temperature controllers are used to control most
typical processes in industry. Typically, they come in a range of DIN sizes
and have multiple outputs and programmable output functions. These
controllers can also perform PID control for excellent general control




situations. They are traditionally placed in the front panel with the display
for easy operator accessibility. These controllers have a pre-tune function
to initially calculate the PID temperature for a process, and a continuous
tune function to constantly refine the PID temperature. This allows for quick
setup, saving time and reducing waste.

A sensor which is used to measure the temperature is known as a
thermocouple. It consists of two wires made of different metals. When the
two materials are subjected to the heat, it produces some electric voltage,
which determines the reading of the temperature in the system.
Thermocouples are used for their low cost, durability, and a high
temperature range.

Thermocouple

The thermocouple (Figure 7b)), was connected to the input port. This
port was the place where the heat sensor was connected. It was able to
read temperature of the tube after connecting.

This enabled switching the heater on and off after obtaining required
temperature. The power supply for the heater was also supplied thus
completing the electrical wiring of the heat control mechanism.

|

L =i 7(3 o ;5 'r'.*;

Figure 7 — (a) PID controler, (b) Thermocouple

Full body

Figure 8 illustrates the complete structure of the extruder, highlighting
its essential components for its operation. The extruder features a tubular
trough with a total length of 1400 mm, providing an extended path for the
material to be processed. At the end of the trough, there is an exit hole,
also known as the nozzle, which has a diameter of 60 mm. This exit hole
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is crucial for shaping the extruded material as it exits the conveyor.
Additionally, the extruder includes a cylinder that encapsulates the
resistance section, designed to maintain the necessary temperature for
efficient extrusion. This cylinder, often referred to as a heating barrel,
ensures that the material within the extruder remains at a consistent and
optimal temperature, preventing cooling and solidification before it reaches
the exit hole.

Figure 8 — Manuel plastic brick extruder

Preparation of plastic bricks

After the assembly of the extruder parts was completed, the machine
was left 30 min with turning on the heat of 160 C°. After acquiring the stable
temperature, the crank handle was turned on. The pellets and brick powder
were then poured into the hopper. The handle turns at a speed of 5 rpm.

The composite was driven by the screw along the barrel. When the
composite reached the heating section, it started melting and the pressure
was created inside the tube. Due to heating from the heater, the
temperature rises and completely melts the plastic. The paste was
extruded through the die hole with a diameter of 60 mm.

Sand brick

Brick waste was collected from a brick factory. As shown in Figure 9,
brick waste passed through a crushing process in order to obtain brick
powder. The sieve pass used is 80um. The brick powder was analyzed in

the LAFARGE Company.
1812



Figure 9 — Crushing presses for brick powder

Table 1 lists the chemical compositions and the physical
characteristics of brick powder.

X ray diffraction analysis (XRD) is a technique used to analyze the
crystalline structure of materials, while X-ray Fluorescence (XRF), is a
technique used to determine the elemental composition of materials. The
utilized machines are the Bruker S8 for XRF and the Bruker D4 for XRD.

The results show that the sum of the components [AI2 O3 + Fe2 O3
+ Si02] for brick powder is 83.37%, which meets the requirements of
ASTM C618. PAF (Particulate Airborne Fraction) is a column that contains
a value representing the particulate airborne fraction, which is often a
measure of the proportion of airborne particles emitted during a particular
process or activity. It is reported as 0.74 (R_wp) and contains a value
representing the weighted profile R-factor, which is a measure of the
agreement between the observed and calculated X-ray diffraction

patterns.
Table 1 — Properties of brick powder

Chemical composition (%)

Compon | SiO | AI20 | Fe2 | CaO | MgO | K20 | Na | SO3 Loss | PA

ents 2 3 03 20 F

Quantity | 62.4 | 14 6.92 | 854 | 2 2.07 | 0.2 | 0.59 3.21 0.7

(%) 5 2 4

Mineral phases (W %)

R_wp calc | dolo quar | illite | kaoli | chlor | albi | microl | diasp | top
ite mite tz nite ite te ine ore az

7.54 095|397 |474 | 171 | 075 | 043 |11. | 13.71 | 0.27 3.9

8 7 81 6

Physical characteristics

Density (g/cm3) 2.43

Blaine-specific surface (cm2/g) 3140
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Polypropylene

PP is a strong lightweight plastic from the polymer family, known as a
nonbiodegradable thermoplastic with a strong moisture barrier. PP, like all
thermoplastics, becomes liquid at its melting point (160°C) and can be
cooled without significant degradation of its properties. The excellent
properties of PP made it commonly used in everyday items.

PP is used in this work as a matrix. PP waste was collected and
cleaned with tap water to remove all forms of contaminants and harmful
materials before sun drying for at least 3 days. The dried waste was then
ground and pulverized into pellets ranging in size from 1 mm to 8 mm.
Figure 10 shows the ground material.

.w;‘":; W ok ,v’/l,. 3 o r,
Figure 10 — Polypropylene patrticles.

Preparation of test specimens

PP and brick powder were dried at 50° in the oven and then passed
into the fabricated plastic brick extruder at a temperature of 160°. After
that, the melted mixture was recovered at the outlet and then put into
molds. The utilized molds are for mechanical tests, compressive strength,
flexural strength, Charpy test and cylindrical compressive test. The molds
were oiled in order to facilitate specimen’s removal.

The dimensions of the compressive strength specimens are cubic:
50mmX50mmX50mm in accordance with ASTM C109 (ASTM, 2020).

The dimensions of the flexural strength specimens are prismatic:
40mmX40mmX160mm in accordance with ASTM C78 (ASTM, 2022).

The dimensions of the Charpy test specimens are prismatic with a V
notch of angle 45° in the middle: 40mmX40mmX160mm in accordance
with ASTM D6110 (ASTM, 2018).




The dimensions of the cylindrical test specimens are 160mmX320mm
(diameter x height) in accordance with ASTM C39 (ASTM, 2023).

Figure 11 displays the prismatic specimens with varying weight
percentages of polypropylene (PP) in the mixture, ranging from 30 w% to
80 w%. The specimens with less than 30 w% PP could not form correctly
because the low PP content was insufficient to properly bind the
reinforcement. Conversely, the specimens with more than 80 w% PP
exhibited poor distribution of brick powder, leading to clusters of PP and
brick powder that made the specimens prone to cracking. Consequently,
these specimens were excluded from the testing.

-

Figure 11 — Plastic brick specimens (prismatic).

Table 2 presents the mixtures with different PP W% and brick powder
W©%. Six samples were obtained for every mixture. Only for the cylindrical
test specimens there were three samples. The mixture utilized for the
cylindrical test specimen is based on the high results of the compressive
strength test.

Table 2 — Mixtures with different weight percentages

Mixtures n° M M2 Ms Ma Ms Me
PP weight% 80 70 60 50 40 30
Brick powder weight% 20 30 40 50 60 70
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Mechanical tests

Mechanical tests were conducted on the specimens to investigate
their performance under various conditions.

Bending test

Figure 12 presents the utilization of the three-point bending
methodology employing an ELE International machine where the
maximum applied load is quantified in kilonewtons (kN). This approach
determines flexural strength by dividing the maximum load by the
specimen's cross-sectional area, yielding a measurement expressed in
newton’s per square millimeter (N/mm?2), commonly referred to as
megapascals (MPa). Prismatic specimens are subjected to bending
forces, necessitating pre- and post-testing observations to discern any
structural alterations. This experimental procedure offers indispensable
insights into a material's capacity to endure bending stresses, furnishing
invaluable empirical evidence for engineering and material science
inquiries.

Figure 12 — Three-point bending test (a) before the test, (b) after the test

Compressive strength test

Figure 13 illustrates the compression testing process before (fFgure
13a)) and after the test (Figure 13b)), conducted utilizing an ELE
International machine, with the cubic specimens employed for evaluation.
The compressive strength of the material is assessed through this method.
Similarly to the bending test, the specimens undergo observation both
before and after compression to identify any structural changes. This
experimental approach, facilitated by the ELE International apparatus,




provides crucial insights into the material's ability to withstand compressive
forces by comparing the conditions of the specimens before and after the
testing.

Figure 13 — Compressive test, (a) before the test, (b) after the test

Charpy test

Figure 14 displays the prismatic specimen featuring a notch (Figure
14a) , 14b)), alongside the JB-300B machine utilized for Charpy impact
testing (Figure 14c)). This test, conducted to assess a material's resistance
to sudden impact, yields results in terms of impact energy, measured in
joules (J). The specimen is subjected to a swinging pendulum, which
strikes the notched area, causing fracture. The amount of energy absorbed
by the specimen before fracture provides crucial information about its
toughness and resilience.

Figure 14 — Charpy test, (a,b) notched specimen, (c) test machine
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Compressive strength (160X320 cylinder)

Figure 15 presents the cylindrical specimen used for compressive
strength testing (Figure 15a)), alongside the RP 3000 XP machine
employed for the procedure (Figure 15b)). This test, conducted on a
160x320mm cylindrical specimen, aims to determine the material's
compressive strength. The RP 3000 XP machine applies a gradually
increasing load to the specimen until failure occurs, allowing for the
measurement of the maximum compressive force endured by the material.

T

Figure 15 — Compression test of cylindrical specimens (a), using a test machine (b).

Density test

The cubic specimens were weighed using an electronic scale in
Figure 16 to determine their mass in grams (g), then their volume in cubic
centimeters (cm®), which allowed us to use the equation below to
determine their density.

(2)

Figure 16 — Density test




Results and discussion

The experimental results obtained from the controlled tests bellow are
designed to analyze the composite obtained from the production, and to
understand the overall properties of the material.

Flexural strength results

Table 3 presents the results of the specimens subjected to the flexural
test. The mixture M4 (composed of 50 w% polypropylene and 50 w% brick
powder) demonstrated the highest resistance to bending, with the flexural
strength values ranging from 11.86 MPa to 12.5 MPa across all samples.
The mixture M5 showed slightly lower resistance, with the values between
11.21 MPa and 12.4 MPa. In contrast, the mixture M6 exhibited the lowest
resistance to bending, with the flexural strength values ranging from 8.23
MPa to 9.32 MPa.

Table 3 — Flexural strength results

Flexural strength (MPa)

Mixtures n° M+ M2 Ms Ma Ms Me

Sample 1 10.3 11.2 121 12.5 12.4 9.32
Sample 2 10.2 11.1 11.98 | 12.42 12.33 8.22
Sample 3 10.21 10.78 | 11.89 | 123 12.02 9.12
Sample 4 10.11 10.65 11.73 | 12.09 11.83 9.05
Sample 5 9.77 10.05 11.45 | 12 11.58 8.97
Sample 6 8.96 9.75 1044 | 11.86 11.21 8.23

Figure 17 illustrates the effect of adding brick powder on the bending
resistance of the specimens. The six samples demonstrated consistent
behavior in response to the test, indicating a uniform mixture provided by
the extruder during production. The results reveal an increase in flexural
strength with the addition of brick powder from 20% to 50% by weight. This
improvement is attributed to the enhanced bonding performance between
the materials. However, a decrease in flexural strength is observed when
the brick powder content is increased from 60% to 70% by weight. This
decline is likely due to the inferior properties of ceramics under bending
stress.
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Figure 17 — Influence of brick powder percentage on flexural strength

Compressive strength results

The compressive strength results for various mixtures are presented
in Table 4. The data shows the compressive strength values for six
different samples of each mixture. The results indicate that the mixture M5
(PP 40w% , brick powder 60w%) exhibits the highest compressive
strength, ranges from 23.76 MPa to 24.90 MPa, followed by the mixtures
M4 (from 22.30 MPa to 23.44 MPa) and M3 (from 21.36 MPa to 22.50
MPa). The mixture M1 (from 19.18 MPa to 20.32 MPa) shows the lowest
compressive strength.

The six samples show good agreement in terms of the observed
increases and decreases in compressive strength in Figure 18, which is
attributed to the small volume of the 50x50 mm cubes, providing precise
results. The graph clearly shows that the mixture M5 (containing 40%
polypropylene and 60% brick powder) exhibits the greatest compressive
strength, due to the high performance of ceramics under compression.
This is followed by the mixture M4 which shows slightly lower compressive
strength. The mixtures M1 through M3 display a progressive increase in
compressive strength, attributed to the addition of brick powder. The
decrease in compressive strength from the mixture M5 to the mixture M6
is explained by the excessive amount of brick powder overwhelming the
polymer matrix, leading to poor reinforcement distribution.




Table 4 — Compressive strength results

Compressive strength (MPa)

Mixtures n° M: M2 Ms Ma Ms M

Sample 1 20.32 | 21.83 | 22.50 | 23.44 | 24.90 | 21.35
Sample 2 19.72 | 21.15 | 21.82 | 22.78 | 24.22 | 20.67
Sample 3 1985 | 21.30 [ 22.06 | 22.97 | 24.43 | 20.77
Sample 4 19.31 | 20.82 | 21.45 | 22.43 | 23.89 | 20.34
Sample 5 2030 | 2101 | 2168 | 2262 | 24.08 | 20.53
Sample 6 19.48 | 20.69 | 21.36 | 22.30 | 23.76 | 20.21
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Figure 18 — Influence of brick powder on compressive strength

Charpy test results

Table 5 presents the Charpy test results, showing the impact energy
absorbed by various mixtures. The mixture M1 demonstrated the highest
impact energy, with the values ranging from 14.9 J to 20.92 J across all
samples, indicating superior impact resistance. Conversely, all samples
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under the mixture M6 exhibited the lowest impact energy, ranging from
2.62 Jt0 6.71 J, suggesting poor impact resistance.

Table 5 — Charpy test results

Impact energy (J)

Mixtures M M2 M3 M4 Ms Me
ne

Sample 1 20.92 16.96 15.73 12.55 8.81 6.71
Sample 2 | 19.48 16.43 15.21 12.12 8.20 6.28
Sample 3 | 18.70 15.87 14.64 11.51 7.15 5.80
Sample4 | 17.87 15.04 14.08 10.68 6.54 4.58
Sample 5 | 16.26 14.69 13.51 10.33 5.93 3.97
Sample6 | 14.9 13.99 12.99 9.20 5.19 2.62

The graph in Figure 19 illustrates a progressive decline in brick
powder content across six samples, ranging from an initial 20 w% to a
concluding 70 w%. This reduction is attributed to the unfavorable
characteristics of ceramics under mechanical shock. As more powder is
incorporated, the polymeric matrix experiences diminished integrity,
thereby compromising its ductility typical of polymers while augmenting the
inherent fragility characteristic of ceramics.
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Figure 19 — Influence of brick powder on impact energy




Compressive strength (160mmX320mm) results

Table 6 presents the maximum compressive forces recorded from the
cylindrical compression testing. Among the samples tested under the
mixture M5, which was selected based on its superior performance in cubic
compressive strength from Table 5, sample 3 achieved a peak
compressive force of 34 kilonewtons (kN).

Table 6 — Compressive force results

Max compressive force (KN)
Mixtures n° Ms
Sample 1 32
Sample 2 32.5
Sample 3 34

Figure 20 presents a compressive force displacement graph.The
three samples composed of 40 w% of (PP) and 60w% of brick powder
exhibit a progressive rise in compressive force during displacement, until
reaching their peak, followed by immediate failure. This pattern mirrors the
ceramic material properties and provides a compelling indication that the
samples under the mixture M5 adopt a more ceramic-like behavior.
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Figure 20 — Force displacement curve for plastic brick
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Density test results

Table 7 displays the densities of six samples with varying mixtures.
The mixture M1 exhibited the lowest density values, ranging from 1.48
g/cm® to 1.56 g/cm?3, while the mixture M6 demonstrated the highest
density values, ranging from 1.68 g/cm?® to 1.77 g/cm?.

Table 7 — Density test results

Density (g/cm?)

Mixtures n° M1 M2 Ms Ms Ms Me

Sample 1 1.56 | 1.60 | 1.64 | 1.68 | 1.72 | 1.77
Sample 2 150 | 1.54 | 158 | 1.62 | 1.66 | 1.70
Sample 3 152 | 156 |16 | 164 | 168 | 1.72
Sample 4 155 | 159 | 1.63 | 1.67 | 1.71 | 1.75
Sample 5 148 | 1.52 | 1.56 | 1.60 | 1.64 | 1.68
Sample 6 153 | 157 | 161 | 165 | 169 | 1.73

Figure 21 illustrates the density test results, revealing a trend of
increasing density with higher brick powder content in the matrix (from 20
w% to 70 w%). This increase is attributed to the inherently dense
properties of ceramics. As shown in Table 2, the density of brick powder
is 2.43 g/cm3.
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Figure 21 — Influence of brick powder on density




Paver blocks

Figure 22 illustrates the fabrication process of the desired product,
which is pavers. The manual extruder enabled the large-scale production
of the composite material. The mixture utilized for fabricating pavers is
referred to as M5, consisting of 40% polypropylene (PP) and 60% brick
powder by weight. This mixture is poured into a pre-oiled mold to facilitate
the easy removal of the paver. After allowing the mixture to set for
approximately 30 minutes, the paver is removed, resulting in the final
product as depicted in the right-hand part of Figure 22.

Figure 22 — Plastic brick paver manufacturing

Conclusion

This research successfully developed a cost-effective, manually
operated plastic brick extruder for manufacturing composite bricks from
recycled polypropylene (PP) and brick powder. The investigation
demonstrated that the extrusion of plastic bricks is feasible with careful
operation.

The feed mechanism allowed for constant-rate filament drawing,
producing uniform mixtures across six samples. However, overloading the
hopper led to premature melting and extrusion difficulties. Removal of
melted composite from the pipe proved challenging, requiring either
remelting or screw removal. Extended operation resulted in heat transfer
to the extruder frame, indicating a need for improved thermal management
in future designs.

The 60 mm die diameter facilitated easy extrusion, while the single-
channel heating system proved sufficient for the melting process. This
design successfully melted most polymers, showcasing its versatility.

Through extensive testing, two optimal mixture compositions were
identified: a 40:60 PP:brick powder ratio for maximum compressive
strength, and a 50:50 ratio for optimal flexural strength. These
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compositions effectively balance the ductility of the polymer with the
strength of the ceramic component, making them suitable for various
construction applications.

This study demonstrates the viability of producing composite bricks
using a low-cost, manually operated extruder. The approach offers a
promising solution for affordable housing construction while addressing
plastic waste management. Future research should focus on optimizing
the extrusion process, exploring additional waste materials as potential
ingredients, and conducting long-term durability studies of composite
bricks under various environmental conditions.

In conclusion, this research contributes significantly to sustainable
construction practices and waste management strategies in developing
countries. The developed extruder and composite brick formulations have
the potential to reduce housing costs and environmental impact, paving
the way for more accessible and sustainable building solutions in
resource-constrained regions.
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Resumen:

Introduccion/objetivo: Este estudio tuvo como objetivo desarrollar una
extrusora manual de ladrillos de plastico rentable para fabricar ladrillos
compuestos a partir de polipropileno reciclado y polvo de ladrillo. El objetivo
era abordar los desafios de la vivienda en los paises en desarrollo y al
mismo tiempo promover la gestion sostenible de residuos.

Métodos: Se fabric6 una extrusora de un solo tornillo con matriz de 60 mm,
con manivela manual, sistema de calentamiento y folva. Se produjeron
especimenes compuestos con diferentes proporciones de polipropileno
(30-80 porcentajes en peso) y polvo de ladrillo (20-70 porcentajes en peso).
Se realizaron pruebas mecanicas, incluidas mediciones de resistencia a la
compresion, resistencia a la flexion, resistencia al impacto y densidad.

Resultados: La mezcla de polvo de ladrillo y polipropileno 40:60 exhibio una
resistencia a la compresion éptima, que oscilaba entre 23,76 y 24,90 MPa.
La resistencia a la flexién alcanzé su punto maximo en la proporcién 50:50
(11,86-12,5 MPa). La resistencia al impacto disminuyd al aumentar el
contenido de polvo de ladrillo. La densidad aumenté linealmente con el
contenido de polvo de ladrillo, oscilando entre 1,48 y 1,77 g/cm®. La
extrusora produjo con éxito muestras compuestas uniformes en todas las
mezclas.

Conclusion: El estudio demostré la viabilidad de producir ladrillos
compuestos utilizando una extrusora manual de bajo costo. Se identificaron
dos composiciones de mezcla éptimas: 40:60 polipropileno:polvo de ladrillo
para una maxima resistencia a la compresion y 50:50 para una resistencia
optima a la flexion. Este enfoque ofrece una soluciéon prometedora para la
construccion de viviendas asequibles y al mismo tiempo aborda la gestion
de residuos plasticos en las regiones en desarrollo. Las investigaciones
futuras deberian centrarse en optimizar el proceso de extrusion, explorar




materiales de desecho adicionales y realizar estudios de durabilidad a largo
plazo de los ladrillos compuestos.

Palabras claves: extrusora manual, polipropileno, polvo de ladrillo,
compuesto, adoquines.

PaspaboTka 1 Npon3BoAMTENbHOCTL PYYHOTO 3KCTpyaepa Anst
Npou3BoACTBa KOMNO3WUTHONM BpycyaTky 13 nepepaboTaHHOro
nnacTmka v KMPNUYHON KPOLLIKM

A6denkadep Qaunxd, FOcygh Mynaun Ap6u®, koppecnoHOeHT,
Myxammed Bentaxap®, HypeduH Mamyau®
@ YuuBepcuteT MycTtadbl CTambynu, TEXHONOrnYecknin akynbTeT,
Kadbeapa rmapasnuku,
r. Mackapa, Amknpckas HapogHasa [JemokpaTtuyeckasn Pecnybnuvka
6 YuueepcuteT Myctadbl CTambynu, nabopatopusi KBaHTOBON (PUUKM
maTepuun 1 matemaTtnyeckoro mogenvposanus (LPQ3M),
r. Mackapa, Amxnpckas HapogHas [JemokpaTtuyeckas Pecnybnuvka
B YHuBepcuteT Caungpl ,Joktop Mynawn Taxap®, TeXHONornyeckmin akynbTerT,
Kadbeapa rpaxxaaHCcKoro CTpouTeNnbLCTBa U rMapaBrivKm,
r. Canga, Amxupckasa HapogHas Jemokpatuyeckas Pecnybnuvka

PYBPUKA TPHTW: 67.11.00 CTponTenbHble KOHCTPYKUUN
BWO CTATbW: opurmHanbHasa Hay4yHas ctaTbs

Pesome:

BseedeHue/uyens: Llenbio daHHo20 uccriedosaHusi bbina paspabomka
3KOHOMUYHO20  pyyHO20  akcmpydepa  Ons  npoussodcmea
M1acmuKo8bIX  KOMAO3UMHbIX — Kuprnuyel u3 nepepabomaHHO20
rnosunponuneHa u KuprnudHoU kpowku. Llensto uccriedosaHusi 6bimio
peweHue XunuujHo20 cmpoumesnibcmea 8 pasguearoUUXCsl cmpaHax
npu 00HospeMeHHOM codelicmeuu  ycmou4ug8oMy  yrpassieHut
omxodamu.

MemoObi: bbin uszomoeneH 00HOWHEKO8bIU sKcmpydep ¢ mampuuyel
Ouamempom 60 MM, OCHaWeHHbIU py4Ykol Onsi py4YHO20 Mosopoma,
cucmemol Haegpesa U corioMm. Takke u32omosrnieHbl 0bpa3subi
KOMMo3umoe C pa3fiuyHbIM COOMmHoweHueMm rnonunponuneHa (30-80
mac.%) u  KupruyHoU  Kpowku (20-70 wmac.%). [lpoeedeHnbi
MexaHu4ecKue UcrblmaHusi, 8 moM Yucre U3MepeHUsi MPOYHOCMU Ha
cxamue, useub, y0apornpoyHOCmb U M710MHOCMb.

Pesynbmamsbi: Cmecb nonunpornuieHa U Kuprnu4yHoU KPOWKU 8
COOMHOWeHUU 40:60  npodemoHcmpuposana ornmumarnbHy
MPOYHOCMb Ha cxxamue, cocmasus 23,76-24,90 MPa. lpoyHocmb Ha
u3aub docmuezna ceoeeo nuka rnpu coomHoweHuu 50:50 (11,86-12,5
MPa). YdapornpoyHocmb CHUXanacb C yeenudeHueM codep)kaHusi
KupriuyHoU  Kpowku. llnomHocmb  nuHeUHO  eospacmana C
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ysenu4deHuemM codepxxaHusi KUprnu4yHoU KpowKu, cocmaernss om 1,48 0o
1,77 e/cm3. C nomowbto 3akcmpydepa Obiiu yCrewHO 0yYeHb!
00HOPOOHbIE 0bpa3ubl KOMIo3uma u3 ecex cmeced.

Bbigod: HccnedosaHue rokasano  803MOXHOCMb  fpou3eodcmea
KOMIMO3UMHO20 Kupru4a € ucriofib308aHUeM Hedopo2o2o 3Kcmpydepa ¢
PYYHbIM yripasreHueM. bbinu onpederieHbl 08a onmumaribHbIX cocmasa
CMecu: rMounponuUIIEH U KUPMUYHbIU MOpoWoK 8 coomHoweHuu 40:60 ons
obecrieyeHuss mMakcumarbHoU rnpoYyHocmu npu cxamuu u 50:50 dns
obecrieyeHuUs1 onmumaribHOU npoYyHocmu rpu ussube. 3mom nodxod
npednazaem mMHoz2oobewarouiee peweHue 0rsi O0CMYMHOZ0 XUMUWHOE0
cmpoumenscmea U peweHusi npobremMbl ymunusayuu MiacmukosbiX
omxodoe 8 pa3susaroujuxcsi peauoHax. bydywue uccriedogaHusi OOIHKHbI
6bImb HanpassneHbl Ha onMmMuMU3auUIo fpouecca 3Kempy3uu, UydeHue
GoronHUMesnbHbIX omxodos u rposedeHue uccnedosaHuli
0011208€4HOCMU KOMIO3UMHbIX KUpruYyed.

Knroyeabie criosa: py4yHoli akcmpydep, MOMUNpPOnuUIeH, Kupnu4yHas
Kpolka, KomMnoaum, 6pycyamka.

lMpojekToBarbe U NepopMaHce Py4HOr eKCTpyaAepa 3a KOMMNO3UTHE
uuMrne 3a nonmovaBake of PeLMKIMpaHe nnacTuke v LUMrneHor npaxa

A6denkadep Oenxe, Jycye Mynan Ap6u®, ayTop 3a npenucky,
Myxamad beHtaxap®, HypeduH Mamyan®
@ YuuBepautet ,Myctaca Ctamboynu”, TexHonoLwkn dakynrer,
Operbetre 3a xuapaynuky,
Mackapa, HapogHa Jemokpatcka Penybnuka Amxup
6 YHusepautet ,Myctacda Ctamboynu”, JlabopaTopuja 3a KBaHTHY OM3UKY
maTtepuje n Matematuyko mogenupame (LPQ3M),
Mackapa, HapogHa [emokpatcka Penybnuka Amkup
& YuuBepanteT y Canam ,Jp Mynan Taxap”, TexHonowku gakynTter,
[HenapTmaH 3a rpafieBnHapCcTBO 1 Xuapaynuky,
Cawnpa, HapogHa Jemokpatcka Penybnuka Amxmp

OBNACT: mawunHcTBO, rpaheBMHapCTBO
KATETOPWUJA (TUIM) YITAHKA: opyriHanHm Hay4YHu pag

Caxemak:

Yeod/yurb: Lurb ose cmyduje 6uo je pa3eoj ucnnamugoz pyyYHO2
ekcmpydepa rnacmuyHUX yuamu 3a rnpou3eo0Hy KOMIO3UMHUX yuaiu 00
peyuknupaHoe ronunponuneHa U yuarneHoz npaxa. [lpumeHa ogoe
Mamepujarna y4quHuna 6u 3a usepalry cmaHosa y 3emrbama y paseojy
E€KOHOMUYHUjOM, Y3 ucmospemMeHU OOMPUHOC OOPXUBOM yrpassbarby
ommnadom.

Memode: UspaheH je jedHonyxHU ekcmpydep ¢ mampuuyom 00 60 mm,
PYHYKOM 3a MaHyeslHO OKpematbe, CUCMEMOM 3a epejare U 2psioM 3a




yernadere. [lpoussedeHu cy y30puyu Komrosuma ca pasnuyumum
00Hocuma nonunponunieHa (30—80 MexXUHCKUX npoueHama) u yuereHoe
npaxa (20-70 mexuHCKUX rpouyeHama). M3epuwieHa cy MexaHu4Ka
ucrumusearba 4yepcmohe Ha nrnpumucak, 4Yepcmohe Ha casujarse,
omropHocmu Ha ydap u obasrbaHO MepeHe2yCmuHe.

Pesynmamu: Cmewa nonunponunieHa u yuarneHoe rpaxa y o0Hocy 40:60
rokasana je onmumarsnHy 4Yepcmohy Ha npumucak y pacrioHy o0 23,76
0024,90 MPa. Yspcmoha Ha casujam-e docmuera je Hajeehy epedHocm
ripu odHocy 50:50 (11,86—12,5 MPa). OmmnopHocm Ha ydap ce cMaruearna
¢ noseharbem cadpxaja yueneHoe npaxa. [ycmuHa ce suHeapHO
rnosehaeana ca cadpxajem yuareHoe rnpaxa y pacrioHy o0 1,48 do1,77
g/cm®  Ekcmpydep je ycrieWHO npousseo yHUGOPMHE KOMIMIO3UMHE
Y30pKe c8ux cMela.

Sakpyqak: Cmyduja je nokaszana Oa je u3800s/bUSO rpou3secmu
KomriosumHe  yuere  kopucmehu  jegpmuH  pydyHU  ekcmpydep.
UdenmucgpukosaHa cy dga onmumMariHa cacmasea cMelwa: rnonunponuieH
U yueneHu npax y oodHocy 40 npema 60 3a makcumarsiHy 4epcmoRy Ha
npumucak u 50:50 3a onmumarnHy 4epcmohy Ha casujarbe. Ogaj npucmyn
Hydu pewer-e 3a EKOHOMUYHY cmambeHy u3s2padmy, y3 OONPUHOC
ynpassbarby nnacmudHum omnadom y 3emrbama y paseojy. bydyha
ucmpaxuear-a bu mpebario 0a ce chokycupajy Ha ornmumusayujy npoueca
ekcmpyauje, ucmpaxueara 0o0amHux ommnadHUX Mamepujana u Ha
criposohjerse cmyduja Oy20pOoyHe U30PXKIbUBOCMU KOMIMIO3UMHUX yuaarna.

KrbyuHe peyu: pydHu exkcmpydep, MOAunponuieH, yuaieHu npax,
KoMro3um, yuasie 3a rorao4yasam-e.

Paper received on: 30.07.2024.
Manuscript corrections submitted on: 16.11.2024.
Paper accepted for publishing on: 18.11.2024.

© 2024 The Authors. Published by Vojnotehni¢ki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.Mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

Abdelkader, D. et al, Design and performance of a manual extruder for recycled plastic-brick composite pavers, pp.1802-1831



