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The main objective of our study was to study the effect of UV radiation on the functional and thermal parameters of the polymer material (turf base) and, in turn, on its tensile strength. The material samples were exposed to UV radiation in a climatic apparatus for 0 (control), No. 1-365, No. 2-730, No. 1095 days. The results of DSC analysis showed that the melting peak temperature of the polymer shifted and expanded with annual exposure to UV radiation. As the polymer material decomposed, its tensile strength decreased significantly, especially after days 1 and 2, i.e. after 630 days, which showed an accelerated decomposition phase. Over a 3-year period, the tensile strength decreased by 54%, indicating that annual UV exposure significantly damaged the strength of the polymer material, and the material retained its 2-year strength properties.

1. Introduction

Polymer materials (polypropylene) undergo degradation under ultraviolet (UV) radiation due to the absorption of high-energy photons that break chemical bonds in the polymer chains. This process involves photochemical reactions such as initiation, propagation, and termination, leading to chain scission or cross-linking and resulting in deterioration of mechanical and physical properties. However, UV radiation can induce photodegradation, altering polymer structure, thermal properties, and mechanical behavior. Understanding the degradation mechanism is crucial for evaluating the stability and performance of recycled polymer (Fechine et al. (2002), Rostampour et al.(2024).
Long-term exposure to UV radiation can cause degradation of polymeric materials, characterized by discoloration, surface cracking, loss of mechanical strength, and reduced shelf life. This degradation not only affects the functionality and aesthetics of products, but also poses economic and environmental problems, as premature failure of such products increases waste and replacement costs (Juraev et al. (2021), Ernazarova et al. (2024)).

Researchers (Saputra et al. (2025)) have studied the effect of UV radiation on the performance properties of polymer materials. As a result of scientific analysis, it was found that the tensile strength of polymer materials decreases due to the formation of free radicals and subsequent chain rupture. These changes depend on the aging period under the influence of ultraviolet radiation, which leads to a deterioration in the structural integrity of polymers. 

In polymers, molecular degradation, surface embrittlement, and deterioration of optical properties are observed (Ernazarova et al. (2025)). 
This indicates the importance of protective stabilizers and additives for long-term use of both polymers in outdoor environments. A study by scientists reported that the tensile strength of polypropylene decreased by 67.42% after 1000 hours (approximately 42 days) of accelerated aging (Li et al. (2022)). However, a study examining polypropylene bags exposed to outdoor weathering for 21 days showed a decrease in tensile strength of up to 88.3% due to photooxidation.

The effects of annual UV exposure (over longer periods than in previous studies) on the chemical and mechanical properties of PP have not been adequately investigated, and the critical degradation stages have not been clearly defined. Given the important role of PP in outdoor applications and the widespread use of  technical products, it is necessary to investigate the long-term UV resistance of these materials in depth. 

This study aims to investigate the effects of long-term (3 years) UV exposure on the chemical (functional and thermal) and mechanical properties (tensile strength) of PP and to identify the critical degradation stages of PP under UV exposure over years. 
2. Experimental part
The differences in the functional groups of the PP test sample variant were characterized using Fourier Transform Infrared (FTIR) spectroscopy (Frontier C96600 PerkinElmer, Massachusetts, USA). The spectra were recorded in the range of 4000–650 cm⁻¹ with a resolution of 4 cm⁻¹.

The thermal properties of PP turf base test specimens were studied using Differential Scanning Calorimetry (DSC) (PerkinElmer 4000, Massachusetts, USA) in accordance with ISO 11357. The heating rate was set to 10°C/min and the specimens were scanned from 28°C to 428°C in a nitrogen atmosphere at a flow rate of 20 ml/min.

The mechanical properties (tensile strength) of PP specimens were evaluated using a Universal Testing Machine (UTM) (Prowite, Turkey) in accordance with ISO 527-2:2012. The tests were conducted at a speed of ISO 527-250 mm/min.The main raw material used in the research was the homopolymer polypropylene of the Y-130 brand (yarn grade) produced by the Uz-Kor Gas Chemical enterprise. The main physical and mechanical characteristics of the polymer are as follows: density 0.85–0.95 g/cm³, melt flow index (MFR, 230 °C/2.16 kg) 3.0–5.0 g/10 min, yield strength at least 29–30 MPa, relative elongation at break 100%, flexural modulus 1.3–1.4 GPa. The heat deformation temperature is 100 °C, and the Vicat softening temperature is 145 °C. 

For polypropylene-based artificial turf backing materials, a typical formulation consists of 93 wt% polypropylene (PP) as the primary polymer matrix, 1 wt% additives including ultraviolet (UV) stabilizers, antioxidants -1% (AO), and pigments-3% carbon black (soot)-GOST 7885-86/ASTMD1765 to enhance weather resistance and durability, and 2 wt% calcium carbonate (CaCO₃) as a mineral filler to improve stiffness, dimensional stability, and cost efficiency.
Table 1. 
Standard conditions used in UV climatic apparatus (ISO 4892-3, ASTM G154)

	Cycle
	Lamp type
	Wavelength (nm)
	Irradiance (W/m²/nm)
	Temperature (°C)
	Exposure time (h)
	Stage / Condition

	1
	UVA-340 UV light
	340
	0.76
	70
	8
	UV light exposure

	1
	-
	-
	-
	-
	0.15min
	Spray

	1
	-
	-
	-
	50
	3.45min
	Condensation (wind/cooling stage)

	1
	UVA-340 UV light
	340
	0.76
	70
	8
	UV light exposure


The UV climatic apparatus tests were carried out in accordance with ISO 4892-3 and ASTM G154 standards. The experiments were carried out in a Model K035 UV climatic apparatus (TS EN ISO 9001:2008 certified, 220 V AC (±10%), 50/60 Hz). The apparatus used UVA-340 type lamps. The wavelength of these lamps was 340 nm, and the radiation intensity was 0.76 W/m²/nm. The test cycle was carried out according to option 1 and had a total duration of 20 hours. Each cycle consisted of three stages: in the first stage, exposure to UV radiation was carried out for 8 hours at a temperature of 70 °C; in the second stage 0.15 hours spray, condensation (humidity/wind mode) conditions were created for 3.45 hours at a temperature of 50 °C; In the third stage, UV irradiation was continued for another 8 hours at 70 °C (Ernazarova et al. (2024)).

These conditions were used to evaluate the UV resistance of PP backing base materials. Since UV-C (200–280 nm) radiation does not reach the earth’s surface, the UVA range (340 nm) was used in the experiments. This choice is explained by the absorption of UV-C radiation by the atmospheric ozone layer.

3. Results and discussions


From the results of the research, based on the IR spectrum analysis (graph presented in Figure 1), the functional groups of PP (polypropylene) showed changes in the transmittance (%) values of UV radiation. The spectra represent exposure times of 0, 365, 730 and 1095 days. These results indicate that there were significant changes in the intensity and presence of absorption bands at different wavelengths, which indicates that the chemical structure of PP has changed as a result of photooxidative degradation. In the initial state (0 days), the spectrum shows strong absorption bands around 2947 cm⁻¹ and 2865 cm⁻¹, which correspond to asymmetric and symmetric stretching vibrations of C–H bonds in methyl (-CH₃) and methylene (-CH₂) groups (Gijsman et al. (1999)). After 365 days of UV exposure, the intensity of the bands at 2942 cm⁻¹ and 2861 cm⁻¹ decreases, indicating the onset of C–H bond degradation. Also, a weak band around 3365 cm⁻¹ is observed at day 0, which is attributed to hydroxyl (-OH) groups and is probably caused by moisture. However, after 365 days of exposure, the hydroxyl band at 3372 cm⁻¹ becomes stronger, which may indicate the formation of oxidation products such as alcohols or hydroperoxides. According to (Carlsson et al. (1976)), the -OH group at 3365 cm⁻¹ is associated with the oxidative degradation of polypropylene (PP) under UV irradiation. 
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Figure 1. FTIR spectra of PP in various UV duration exposure
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Figure 2. The reaction in PP chain due to the oxidation reaction (Liu et al. (2020))
In addition, the band at 1169 cm⁻¹ (associated with C–O groups) becomes more pronounced. The formation of –OH and C–O bonds as a result of the oxidation reaction of the PP chain is shown in Figure 2 (Gugumus et al. (1990). Also, the characteristic bands at 1453 cm⁻¹ and 1374 cm⁻¹ represent the C–H deformation vibrations of the methyl and methylene groups of PP (Socrates et al. (2004). The dominant band at 839 cm⁻¹ belongs to the out-of-plane C–H vibrations in the crystal structure of PP, indicating a relatively preserved molecular structure (Socrates et al. (2004), Narkis (1970)). During 730 days of UV exposure, the intensity of the band at 3365 cm⁻¹ increases significantly, indicating the accumulation of additional oxidation products. A new band at 1586 cm⁻¹ appears, indicating the presence of carbonyl (C=O) groups and confirming the oxidation of the polymer backbone (Socrates et al. (2004), Gimenez et al. (2025)). The intensity of the band at 839 cm⁻¹ decreases, indicating the degradation of the crystalline backbone of PP Socrates et al. (2004), Zweifel et al. (1988)). The degradation (chain scission) reaction of PP in the presence of oxygen under the influence of UV radiation to form C=O bonds is shown in Figure 3. The oxidation process reacts not only with the secondary carbon-centered radicals formed as a result of chain scission, but also with the primary volatile active centers in the adjacent chain (Gimenez et al. (2025)). After 1095 days of UV exposure, the photo-oxidative degradation becomes more pronounced. The intensity of the carbonyl band at 1586 cm⁻¹ continues to increase, indicating further oxidation. The hydroxyl band at 3365 cm⁻¹ remains very strong, indicating the formation of oxygen degradation products.
The decrease in the intensity of the bands at 2947 cm⁻¹, 2861 cm⁻¹ and 839 cm⁻¹ indicates that the C–H bonds and the crystal structure of the polymer are severely damaged (Gimenez et al. (2025)). Overall, the FTIR spectra show that UV irradiation induces chemical degradation in PP, characterized by the formation of new oxygen groups (hydroxyl and carbonyl) and the destruction of the main molecular structure. These results confirm that the chemical stability of PP is significantly reduced under long-term UV exposure.

DSC thermograms of polypropylene (PP) turf base material showed a characteristic melting endotherm of the α-crystalline phase in the range of 170 °C, which is typical for isotactic PP systems (Rabek et al. (1995)). In the unaged sample (0 days), a sharp melting peak centered at approximately 166°C indicated a well-developed semicrystalline structure, stabilized by phenolic and phosphite antioxidants.
After 365 days of UV exposure, the melting peak remained close to 168 °C, but exhibited slight broadening. This suggests the initiation of photo-oxidative degradation, where antioxidant systems still effectively suppress radical propagation but begin to lose efficiency over time. Such behavior is consistent with the known oxidation mechanism of polyolefins, where hydroperoxide formation is the primary initial step (Billingham et al. (1995))
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Figure 3. Proposed photo-oxidative degradation mechanism of polypropylene (PP) under UV irradiation (Gimenez et al. (2025))
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Figure 4. Scission reaction of PP by UV exposure in presence of oxygen (Nielsen et al. (2001))
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Figure. 5. DSC analysis of PP turf base sample

At 730 days, the DSC peak broadened further and shifted slightly toward lower temperatures (167°C), indicating a reduction in lamellar thickness and increasing heterogeneity of crystalline domains. This change is attributed to progressive antioxidant depletion and the nucleating effect of CaCO₃, which promotes heterogeneous crystallization and alters crystal size distribution (Rabek et al. (1995)).

After 1095 days of UV aging, a pronounced broadening of the melting endotherm was observed in the range of 165 °C, accompanied by reduced peak intensity. This confirms significant chain scission and molecular weight reduction due to advanced oxidation. At this stage, antioxidants were largely exhausted, allowing uncontrolled oxidative degradation, while CaCO₃ acted only as a physical nucleating filler without preventing molecular breakdown (Rostampour et al.(2024), Ernazarova et al. (2024)).

Table 3 shows the effect of UV exposure duration on the tensile strength of a polypropylene (PP) turf base sample, and table figure 6 shows the relationship between UV exposure duration and the decrease in tensile strength. Tensile strength was measured in N/mm², with UV exposure duration varying from 0 to 1095 days. The data are presented with standard deviation values to illustrate the variability in the measurement results. The results show a significant decrease in tensile strength after 3 years of UV exposure.

The gradual decrease in tensile strength of polypropylene (PP) turf base material with increasing UV exposure time (0–1095 days) is consistent with the well-established photooxidative degradation mechanism of polyolefins. In the uncured state, the tensile strength of 18.53 N/mm² reflects a stable semi-crystalline PP structure supported by antioxidant stabilization and filler reinforcement. Phenolic and phosphite antioxidants act as radical scavengers, delaying the onset of oxidation reactions (Billingham et al. (1995)).
Table 3. 

UV aging effect on tensile strength of PP turf base material

	UV exposure
(days)
	Tensile strength
(MPa)
	Strength loss
(%)

	0
	18.530
	0.00

	155
	17.600
	5.02

	365
	16.750
	9.60

	525
	15.850
	14.46

	630
	15.546
	16.10

	825
	14.647
	20.95

	975
	10.436
	43.65

	1095
	8.450
	54.37
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Figure.6. UV aging effect on PP turf base tensile strength

The relatively small decrease in tensile strength (5–10%) in the early exposure stage (155–365 days) indicates that the material is still in the oxidation induction phase. According to Scientists this stage is characterized by the gradual formation of hydroperoxides (ROOH), while antioxidants continue to suppress radical propagation reactions (Billingham et al. (1995)). CaCO₃ acts as a reinforcing filler and stress transfer medium, contributing to the maintenance of stiffness (Nielsen et al. (2001)). At moderate aging (525–630 days), the decrease in tensile strength is more pronounced (14–16%). This transition corresponds to a decrease in antioxidant capacity and the onset of chain scission reactions in the PP backbone (Celina et al. (2013)). At this stage, autocatalytic oxidation due to the accumulated hydroperoxides dominates, which accelerates chain scission and embrittlement of the polymer matrix (Billingham et al. (1995)). Finally, at 1095 days, the tensile strength decreases to 8.45 N/mm² (54.37% loss), confirming widespread degradation of the PP matrix. At this stage, the CaCO₃ particles no longer act as reinforcing fillers, but rather as hard inclusions that promote stress concentration and microcrack propagation under load (Wypych et al. (2018), Rabello et al. (1997)).
The obtained results clearly demonstrate a progressive degradation of tensile strength in PP turf base material under UV exposure.The presence of CaCO₃ contributes to initial stiffness but becomes less effective under prolonged UV aging, acting instead as a stress concentration site that accelerates microcrack formation. CONCLUSIONS


This study was aimed at evaluating the long-term UV resistance of PP turf base material based on a comprehensive analysis of FTIR, DSC and tensile strength results. The results obtained show that under the influence of UV radiation, a gradual photo-oxidative degradation process occurs in polypropylene (PP) material, which leads to a significant deterioration of its chemical, thermal and mechanical properties. FTIR analysis confirmed the oxidation process in PP molecular chains during UV exposure. 

After 630 days, significant structural degradation began in the material, the total strength loss was approximately 54%, which is explained by the deep oxidation of the PP matrix and the destruction of the crystalline-amorphous structure.
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