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Abstract. One of the key pillars of the nation's infrastructure is the sewerage system. The
selection of sewerage pipelines must therefore be done after extensive research before they
are installed in the relevant network. These studies should guarantee the durability of these
pipelines. High density polyethylene is produced due to its dominance in these applications.
But despite the performance of the latter, it can be attacked by chemical or physical factors.
Our research aims to analyze HDPE samples that have been exposed to ultraviolet (UV) rays
from natural light for predetermined amounts of time using infrared spectroscopy. The
structural alterations of the chemical bonds in these samples' composition can be determined
by FTIR spectroscopy analysis. The results show that there is a remarkable change in the
spectra of the aged (after exposure) and unaged (before exposure) samples.
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Introduction

Today, polymer is widely employed in the production of sewer pipes, and it takes many
various forms: Polyvinyl Chloride (PVC), Polypropylene (PP), High Density Polyethylene
(HDPE), and Glass Fiber Reinforced Polyester (GFRP) [1-3]. This material is known
for its durability, simplicity of installation and economic efficiency. All of these materials are
susceptible to degradation in a variety of chemical and physical methods: attack
by water’s acidity, failure by the high temperature, mechanical stress, and photo-oxidation
by UV rays [4-7].

We may point to some literature evaluation that looked at how the mechanical and
structural characteristics of polymers behaved when subjected to various aging processes. N.
Guermazi [8] examined how mechanical and structural qualities changed by the effect of time
and temperature aging. This study demonstrated that both the structural change (as
determined by FTIR spectroscopy analysis) and the mechanical properties were affected by
aging damage (tensile tests).

T. Lu [9] provides a numerical simulation model of the damage caused by ultraviolet
radiation (by varying: wavelength, intensity and exposure time) to polymer surfaces (flat and
sinusoidal), as well as an experimental test of the exposure of epoxy samples to UV in high
temperature (80 °C) air. The results of this work show a decrease in the surface roughness of
the aged specimens.
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When L. Douminge [10] used fluorescence spectroscopy to analyze the behavior of
high-density polyethylene under ultraviolet irradiation or mechanical solicitation, the results
revealed a very high sensitivity to the microscopic events intervening at the first moments of
UV radiation exposure.

Karla I. Martinez carried out a degradation study by infrared spectroscopy of
polyethylene films of three different types: low density polyethylene (LDPE), high-density
polyethylene (HDPE) and biodegradable polyethylene (BIO-PE), exposure to UV radiation at
a variety of time intervals [11]. These samples were also exposed to domestic composting
during two different seasons (spring and fall) under ambient conditions.

I. Mouallif used infrared spectroscopy to examine how HDPE's structural changes,
moisture absorption, and modification in mechanical characteristics changed when subjected
to sulfuric acid aging at different temperatures [12-14]. They studied the phenomena of
absorption, which enabled water to diffuse into HDPE samples and impact the material's
mechanical and structural properties.

The logical conclusion is that in order to completely eliminate the possibility of
environmental damage, the sanitation material must be chosen after a number of tests.
Therefore, the purpose of this paper is to compare samples of HDPE pipes that have been
subjected to degradation by UV radiation from natural light using FTIR spectroscopy.

Method
Preparation of samples. Four national firms that produce and distribute these pipes on an
industrial scale have allowed us to collect samples of HDPE (high density polyethylene) pipes
of different diameters.

The samples were sliced into little pieces, or pellets, each measuring 1 cm in diameter
as shown in Fig. 1., using a screwdriver (in order to be compatible with the analysis tank of
the FTIR apparatus).

Fig. 1. The pellets of the samples to be analyzed (measuring 1cm in diameter)

Aging of samples. The samples were exposed to natural UV light for different periods.
Each sample was used in three different states: virgin state, aged for 77 days, aged for 131
days. In total, 12 samples were examined.

Infrared spectroscopy. The type of instrument used for this study is VERTEX 70v
FT-IR spectrometer. The infrared spectroscopy was performed with a resolution of 4 cm, in
the range of 4000 to 500 cm™. The HDPE samples were examined at a mirror speed of 0.4747
utilizing a KBr separator and a DTGS ATR detector because of their robust nature.
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Results and discussions
The measurement of the FTIR spectrum using the transmission mode was done to determine
the structural characteristics of the aged material [15-17]. The Figs. 2-5 correspond to the
infrared spectra of the different samples. Three spectra of one product are shown in each
figure, and each spectrum represents one of the following states:

e Spectrum 1: virgin state (no aging process);

e Spectrum 2: aged for 77 days;

e Spectrum 3: aged for 131 days.
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Fig. 2. HDPE spectra acquired by the transmission mode. Unaged and aged samples for 77
days and 131 days. IR spectra of samples from the 1st manufacturer (P)
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Fig. 3. HDPE spectra acquired by the transmission mode. Unaged and aged samples for 77
days and 131 days. IR spectra of samples from the 2nd manufacturer (F)
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Fig. 4. HDPE spectra acquired by the transmission mode. Unaged and aged samples for 77
days and 131 days. IR spectra of samples from the 3rd manufacturer (D)
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Fig. 5. HDPE spectra acquired by the transmission mode. Unaged and aged samples for 77
days and 131 days. IR spectra of samples from the 4th manufacturer (I)

By using FTIR spectroscopy, we attempted to examined the structural changes of HDPE
samples from different manufacturers (P, F, D, ).

Fig. 2. shows the IR spectrum of the 1st sample. Its primary bands are situated at
(2914 and 2847)cm™: a strong peak that reflects the CH2 group being stretched
asymmetrically; (1471 and 1462) cm™: Average peak, which reflects bending deformation,
(717 and 730) cm*: an average peak, results of the aromatic C-H group being deformed.

Fig. 3. depicts the IR spectrum of the 2nd sample. Its primary bands are situated at
(2914 - 2847) cm?t : A fine and strong that reflects the CH2 group being stretched
asymmetrically; (1472 - 1462) cm™: a medium peak, corresponds to bending-induced
deformation; (718 - 730) cm™: medium peak, that is caused by the aromatic C-H group
deformation.

Fig. 4. shows the IR spectrum of the 3rd sample. Its primary bands are situated at
(2914 - 2847) cm: a strong peak that reflects the CH2 group being stretched asymmetrically,
(1472 - 1462) cm™: a medium peak, which corresponds to a deformation by bending,
1376 cm™: a strong peak, which corresponds to a deformation of CH3 bond,
(1540 - 1737) cm™: 4 bands indicating an elongation, of the aromatic C-C bond.
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The fourth product’s IR spectrum is depicted in Fig.5. Its primary bands are situated at
(2914 - 2847) cm™: a strong peak reflects the CH2 group being stretched asymmetrically;
(1471 - 1462) cm™: average peak, corresponds to bending deformation, (717 - 730) cm™:
Average peak, corresponds to an aromatic C-H group deformation [18-20].

As shown in Table 1, we have tried to include the main chemical bonds of the studied
HDPE samples.

Table 1. Main bands of FTIR spectra of HDPE studied

Wavelength, cm? Functional group Vibration type References
730-717 Aromatic C-H Deformation [11,14,18]
1462-1472 -CH2- Elongation [14,18,19]
2914 CH2 et CH3 Elongation [11,14,16]

We can clearly demonstrate whether there is in fact a structural modification induced by
the UV aging process by analyzing the infrared spectra of the material. As can be observed,
all four samples show the same transmission bands. The only difference between the four
samples' transmission bands is their intensity. This difference can be seen in the decrease of
the signal intensity of the following bands (corresponding to 2900, 1570, 1460 cm™, etc.).
This indicates the beginning of the disappearance of these bands. In all four cases, the change
in intensity can be taken as evidence of the beginnings of polymer chain scission and
breakdown, which cause structural alterations in the UV-exposed products that persist 77 days
at 131.

Conclusion

According to this study, HDPE deteriorates when exposed to UV rays from natural daylight.
The examined FTIR spectra revealed significant variations in the transmission bands. We can
speculate that these changes are caused by the onset of chemical bond breakdown and the
amorphization of polymeric chains because they manifest as a drop in band intensity as a
function of aging time. The findings of this study enabled us to draw the conclusion that
exposure to UV causes HDPE's chemical structure to deteriorate. So, it may be said that in
order to ensure a long service life, HDPE pipes shouldn't be progressively exposed to natural
light before being laid.
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