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Abstract. An aluminum composite panel (ACP) is a flat panel with aluminum plates/sheets that
are rigid and strong but relatively lightweight. Between the two plates, the core material content
is generally made of polyethylene and polyurethane. However, the two core materials are not resistant
to high temperatures/heat. They are flammable, so it is urgent to make variations of other core
materials resistant to high temperatures. This study aims to provide variations for ACP core materials
using polymer materials resistant to high temperatures, namely Low-Density polyethylene (LDPE)
and Polyoxymethylene (POM). The method used is experimental/fabrication of ACP making. The
high-temperature test was carried out in a furnace with a temperature of 300°C, 350°C, and 400°C'
each with a holding time of 1 hour. The results obtained from observing the microstructure using an
Optical Microscope before and after the test damaged the core material while the Aluminum metal
was still intact. The mass of ACP before and after testing also changed. Overall, at the three
temperatures above, the LDPE core material does not withstand this temperature because the
temperature is above the melting point of the LDPE material.

Keywords: Aluminum Composite Panel, core material, Low-Density Poly Ethylene,
Polyoxymethylene, high-temperature test

INTRODUCTION

Law Number 28 of 2002 and Regional Regulation of the DKI Regional Government
No. 7 of 2010 regulate the rules for constructing high-rise buildings. One point regulated in
the law is the use of fire-resistant building materials, especially in high-rise buildings. But
in reality, almost all of these buildings are lined with artistic and magnificent colorful wall
layers made of ACP Aluminum Composite Panel (ACP) panels. ACP is two materials that
are joined together (by pressing) between two aluminum plates/sheets (top and bottom
layers) and between them in the core of the material/material of the polymer ( the standard
material used is generally polyethylene (PE) or polyurethane (PU). The combination of
aluminum and this core material is called composite material. So the shape of ACP is a flat
panel with a rigid, strong, but relatively light aluminum plate/sheet. While between the two

plates is filled with a core of polymer material (Figure 1). ACP is usually produced with
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specifications: standard size width (1000, 1250, 1500, 1570)mm, length: customize,
maximum length up to 6000mm, and ACP thickness: 2mm,3mm,4mm,5mm,6mm.

ACP material is generally used as an exterior wall cladding (Figure 2) to highlight the
artistic and magnificent impression on the fagade, meaning the exterior of a building placed
in a commercial building such as a shopping center, business center, hotel, or shophouse. It is
commonly combined with glass, billboards, or canopy panels [1]. In addition, ACP is also used in
the interior. Usually, ACP is used for partitions, column covers, and also for artistic ceilings of
interior walls (Figure 3).

ACP core material, which is made of polyethylene or polyurethane, is not resistant
to heat and is flammable, so it significantly affects the combustion power and spread of fire
outside or inside the building. Currently, the use of ACP with a polyethylene composition of
more than 30% has been banned as building cover panels in developed countries in Australia
and Europe.

[Aluminum aluminum

e
[Core Material

[Aluminum aluminum

Figure 1. Aluminum plate/sheet
Composite Panel (ACP) [2]

The condition of the building fire that used ACP as a layer to cover the indoor walls,
ceiling, and exterior of the building facade approximately four years ago was the Attorney
General's Office (Kejagung) building in Kebayoran Baru, South Jakarta [3] (Figure 4). The
core material of ACP used is polyethylene, which is not heat/fire resistant, so when it burns,
this polyethylene drips on other flammable materials in the building, so that in a short time,
the red jago is very mighty to destroy the building which is the asset and pride of the

Adhyakasa corps and all Indonesian people, has burned down in a short time.
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Picture. 2 ACP for Figure 3. ACP
exterior for interior

Figure 4. Prosecutor's Office Building
Burned Agung (Attorney General) in
Kebayoran Baru, South Jakarta

ACP core material before dripping due to burning; when exposed to high
temperatures, the core layer can bubble, resulting in an uneven aluminum surface that can
reduce beauty. On the other hand, the force against wind pressure is not strong enough, so
in poor construction, it will be a risk to safety,

The research aims to make ACP with core materials made of Low-Density
polyethylene (LDPE) and Polyoxymethylene (POM). LDPE is a thermoplastic that can be
processed by heating and cooling it. Its white characteristics have a melting point between
110 °C-137 °C-@nditis re|atively thin, flexible, clear, and light, so it is easy to use as a variety
of materials or products. LDPE tends to be insensitive to light changes, so it is easy to change
color due to sunlight's influence, producing black material [4]. The dimensions of the LDPE
sample for the high-temperature test are 25 cm long, 24 cm wide, and 10 mm thick.
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Figure 5 Chemical structure of Polyoxymethylene
(POM)

POM materials known as acetal, polyacetal, or polyformaldehyde are engineering
plastics first developed in the late 1950s. The sample dimension scheme used for ACP is
25cm long, 25cm wide, and 5 mm thick. The chemical structure of POM is in Figure 5.
Polyoxymethylene is a kind of linear polymer without side chains, with high density and
crystallinity and excellent comprehensive properties. It is a hard and dense material with a
smooth and shiny surface, light yellow or white in color, which can be used for a long time
in the temperature range of 40-100 °C. Its wear and lubrication resistance is also superior to
most engineered plastics, and it has good oil and peroxide resistance. Highly resistant to
acids, alkalis, and the sun’s ultraviolet radiation.

Polyoxymethylene has a tensile strength of 70MPa, small water absorption, stable
size, and luster, which is better than nylon. It also has high heat resistance, bending strength,
fatigue resistance, excellent wear resistance, and electrical performance. It burns slowly and

smokes slightly.

METHOD
The research method is shown in the flow chart presented in Figure 6. The core
materials used are LDPE and POM. Before temperature testing, high observation of
microstructures was done using an optical microscope (MO) and weighing. ACP samples.
The glue for ACP adhesion is aluminum-core aluminum material using the OCI N193
Aluminum glue type. Meanwhile, the fire-retardant coating is a form of fire-retardant liquid
(671°C) mixed with thinner.
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Figure 6. Flow chart research

DISCUSSION

The schematic of the ACP results is shown in Figure 7.

Plat Aluminium ;

4

Bahan inti |
Aluminium

Figure 7. Aluminium Composite Panel (ACP) Schematic. The Result were obtained after the ACP
material was presed to become very sticky to each other (red circle) (Figure 8)

Figure 8 Material results after doing Bonding by pressing

Prantasi Harmi Tjahjanti
DOI 10.62885/improsci.v2i3.579 | 190



https:/annpublisher.org/ojs/index.php/improsci Vol 2 No 3 December 2024

The complete ACP material for the LDPE core material is shown in Figure 9a,b,b1, and the

ACP material for the POM core/core material is shown in Figure 10a,b.

|t|

(bl)

Figure 9a,b,b1 ACP material with the core material being LDPE

Al
ot

Al POM
(3 (b)

Figure 10 a,b ACP material with material
core POM

High-temperature testing by means that all samples (3 ACP samples with LDPE core
material and 3 ACP samples with POM material) are put into a furnace heated at 300°C,
350°C, and 400 °C respectively, at a holding time of 1 hour. The results after the high-
temperature test, ACP material with LDPE and POM core materials are shown in Figure
11a,b,c for LDPE and Figure 12a,b,c for POM core material.

All the core materials of LDPE melted and evaporated, leaving only the alumni. This
happens because the melting point of LDPE is only around 150°C, while the high-

temperature test is above that temperature.
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Figure 11a,b,c ACP with core material LDPE that melts and evaporates during the test High
temperature
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Figure 12a,b,c ACP with core material POM that melts and sticks during the test High
Temperature

After heat resistance tests, all POM core materials become melted and sticky with
aluminum (Figure 12a). The side view is shown in Figure 12 b,c). The melting point of POM
is about 260°C. The mass of ACP with LDPE and POM core materials before and after

testing is shown in Table 1 and Table 2.
Table 1. Mass of ACP with material core LDPE before and after being tested

LDPE (for High Temperature | Mass before testing (grams) | Mass after testing (grams)
Test)

2251 1756
2314 1686
2302 1885

The mass of ACP with LDPE core material increases after the heat resistance test
compared to before the test. This condition occurs because the LDPE core material melts
and evaporates completely due to the heat test above its melting temperature. While for the
core material of POM, melted and sticky into one with the aluminum, so that the mass becomes large,

which is 4925 grams.
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Table 2. Mass of ACP with material POM core before and after being tested

POM (for High Temperature | Mass before testing Mass after testing
Test) (gram) (gram)

2259 4925

2479

2313

Observation of the microstructure before testing, for LDPE and POM core materials in
Figure 13a,b. Figure 14 showed the microstructure of the POM core material (1000x magnification)
after heat resistance testing. The observation of the microstructure of the LDPE core material after
the heat resistance test is not present because the LDPE core material is not present (because it melts

and evaporates is all gone).

(b)

Figure 13 (a) Microstructure of LDPE core material, (b) Microstructure of POM core material
(1000x magnification) before heat resistance test.

CONCLUSION
This study concluded that Aluminum Composite Panels (ACP) can be made with
LDPE and POM core materials. The results of the heat resistance test show that POM

material is more heat resistant than LDPE material.
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