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Abstract: 5 

Plastic pollution is now an environmental problem that affects all environmental compartments. The study 6 

of plastic degradation in terrestrial, marine and other freshwater environments is emerging. Research is 7 

mainly focused on plastic fragmentation into microplastics. In this contribution, an engineering polymer, 8 

poly(oxymethylene) (POM), was studied under different weathering conditions using physico-chemical 9 

characterization techniques. A POM homopolymer and a POM copolymer were characterized by electron 10 

microscopy, tensile tests, DSC, infrared spectroscopy and rheometry tests after climatic and marine 11 

weathering or artificial UV/water spray cycles. Natural climatic conditions were the most favorable for POM 12 

degradation, especially under solar UV, as evidenced by the strong fragmentation into microplastics when 13 

subjected to artificial UV cycles. The evolution of properties with exposure time was found to be non-linear 14 

under natural conditions, in contrast to artificial conditions. Two main stages of degradation were evidenced 15 

by the correlation between strain at break and carbonyl indices. 16 

Keywords:  17 
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1 Introduction 19 

Plastic pollution has recently become a major research topic. Numerous papers have addressed its 20 

occurrence in the environment and its potential risk to harm ecosystems, aquatic and terrestrial organisms 21 

and human health [1]–[3]. The size of plastic particles and their degraded state are important parameters as 22 

they strongly influence their interactions with fauna and flora, but also with persistent organic pollutants 23 

(POPs) [4]–[6]. Most of the available data on the characterization of plastic pollution concerns macroplastic 24 

and mesoplastic litter (from a few cm to larger) as well as floating microplastics (generally from 300 µm to 5 25 

mm in size). The most common polymers found in the environment are polyethylene, polypropylene and 26 

polystyrene, which are the most produced in the world [7], [8]. 27 

The poly(oxymethylene) (POM) is an engineering polymer used in automotive and various other technical 28 

parts (mechanical gears or fastener assemblies for instance). The thermal degradation of POM was studied 29 

extensively in the 1960s and more sporadically later, so its degradation mechanisms under thermo-oxidative 30 

conditions are well known [9]–[15]. Investigations on the effects of light irradiation are less common in 31 

literature, but the photo-oxidation mechanisms of POM are also well documented by the community [16]–32 

[18]. For certain demanding applications, POM is a judicious choice due to its good physical and mechanical 33 
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properties compared to other engineering resins such as polyamides, polycarbonates or styrene plastics. 34 

However, POM is known to release gaseous degradation products under thermo-oxidative or photo-35 

oxidative conditions. Among these compounds, formaldehyde, depending on its concentration, could be a 36 

major source of toxicity. Therefore, it appears necessary to investigate the influence of copolymerization on 37 

POM weathering. From a microplastic pollution perspective, only one paper has dealt with the 38 

fragmentation of POM (pellets) under terrestrial and marine conditions. This study from Tang et al. observed 39 

a strong fragmentation phenomenon after 3 years under natural sunlight, producing 100-300µm particles 40 

[19].  41 

In this study, the objective is to monitor the physical and chemical behavior of poly(oxymethylene) under 42 

artificial and natural weathering conditions for up to 18 months. Comparing the influence of these 43 

conditions on POM allows a better understanding of how POM plastic waste might evolve in the 44 

environment, depending on the degradation factors to which it has been subjected. POM homopolymer and 45 

copolymer are compared using electron microscopy, tensile tests, DSC, infrared spectroscopy and rheometry 46 

tests.  47 

2 Materials & Methods 48 

2.1 Materials 49 

The polyoxymethylene (POM) references are supplied by Asahi Kasei: one is a homopolymer POM-H (POM 50 

Tenac Z4060) and the second one is a copolymer POM-C (POM Tenac HC550). According to the technical 51 

datasheet, POM Z4060 has a density of 1.42 g.cm-3 and a MFR of 17 g.10min-1 (melt mass-flow rate at 52 

190°C/2.16 kg). POM HC550 has a density of 1.41 g.cm-3 and a MFR of 15 g.10min-1. Heat-stabilizing or UV-53 

stabilizing additives were not indicated by the supplier. Samples are 800 µm-thick injected plates from these 54 

two polymers with dimensions of 78 mm x 29 mm. Tensile tests are carried out on normalized dog-bone 55 

samples (1BA geometry, ISO 527-2) obtained from machining the injected plates for the natural weathering. 56 

They were laser-cut for the artificial weathering set of samples, hence different initial mechanical properties. 57 

2.2 Weathering conditions 58 

2.2.1 Natural weathering 59 

Samples were exposed to two types of natural weathering for 18 months: under outdoor climatic conditions 60 

and immersed in seawater. The outdoor climatic conditions were obtained on a rooftop in Lorient, France 61 

(GPS coordinates: 47.7474; -3.3955), allowing the samples to be exposed to natural sunlight and 62 

precipitations outdoor. The exposure lasted from July 2019 to February 2021. This location has an oceanic 63 

climate and is classified Cfb in the Köppen-Geiger classification: warm temperate climate without dry season 64 

with temperate summer. Samples were clipped in metallic fixations at about 20 cm above the ground and 65 



oriented to the south. Plastic racks structure the whole setup and were drilled to avoid rain water 66 

accumulation. 67 

  

Figure 1 – Climatic weathering installation on the Lorient rooftop 68 

Samples were immersed at the Kernevel harbor in Larmor-Plage, France (GPS coordinates: 47.7173, −3.3666) 69 

from June 2020 to December 2021. Over a year, the average seawater temperature is 13°C (min 7°C, max 70 

24°C). Injected plates of the studied polymers were contained in closed fishing nets attached underneath a 71 

pier (Figure 1). The nets were always between 2 m and 3 m deep and distance to the seafloor varied 72 

between 1 m to 7 m depending on the tide [20].  73 

  

Figure 2 - A) Localization of the Kernevel harbor in the Lorient Bay, B) scheme of net installation [20], C) net 74 

condition after several months spent under the pier 75 

To remove biofilm from submerged plastic samples, they were soaked in a potassium hydroxide solution 76 

(KOH 10%) for 24 hours, then rinsed with fresh water and gently wiped with a paper towel. Characterization 77 

methods were carried out afterward. 78 

2.2.2 Artificial accelerated UV weathering  79 

The artificial UV conditions were applied for up to 3 weeks in a QUV weathering chamber from QLab. The 80 

ISO 4892 standard was used; these cycles were repeated several times to achieve the desired sampling time: 81 

8h of constant UV exposure at 0.76 W.m-².nm-1 followed by 15 min of distilled water spray then 3h45 of 82 

condensation (humid atmosphere with water condensation on surfaces) . The whole weathering is regulated 83 

at 50°C. 84 

C 



2.3 Characterization techniques 85 

2.3.1 Scanning Electron microscopy (SEM) 86 

Microscopy analyses were performed with a Jeol JS-IT500-HR scanning electron microscope (SEM) to 87 

examine the surface of POM samples. Samples were carbon-coated before examination. 88 

2.3.2 Tensile tests 89 

Uniaxial tensile tests were carried out in an environmentally controlled laboratory, according to ISO 527 (23 90 

°C and 50% relative humidity) on an MTS Criterion Model 42 testing machine. To determine the Young 91 

modulus, the loading speed was 1 mm.min−1 and an MTS extensometer was used to measure strain over a 92 

25-mm gauge length. Ultimate strength, strength at break and strain at break were measured at a loading 93 

rate of 20 mm.min−1. Five specimens were tested for each sampling, and the results were averaged.  94 

2.3.3 Differential Scanning Calorimetry (DSC) 95 

To assess the evolution of the POM microstructure under the different weathering conditions, differential 96 

scanning calorimetry (DSC) analyses were carried out on samples of approximately 10 mg, in 40-µL standard 97 

aluminum pans, using a Mettler-Toledo DSC3 equipment under a nitrogen atmosphere. The samples were 98 

heated from 25 to 200 °C and kept at 200 °C for 3 min. The samples were then cooled to 25 °C and finally a 99 

second heating scan from 25 to 200 °C was applied. The heating and cooling rates were 10 °C.min−1. The 100 

degree of crystallinity %cr was determined by the following equation (2): 101 

(2) %�� =  
∆��	
�

∆���

%

× 100 

Where ΔHmexp (J.g−1) is the melting enthalpy of the sample. ΔHm100% is the melting enthalpy for a 100% 102 

crystalline POM, taken to be 236.7 J.g-1 [11]. 103 

2.3.4 Infrared spectroscopy (FTIR-ATR) 104 

Spectra were acquired from the POM sample surface using an Attenuated Total Reflection Fourier Transform 105 

Infrared spectrometer (ATR-FTIR Vertex70V, Bruker). All spectra were recorded in absorbance mode in the 106 

4,000-600 cm-1 region with a 4 cm-1 resolution and 16 scans. Each POM sample was placed on the 107 

germanium diamond cell (ATR Golden Gate). To evaluate the oxidation state of the POM samples, carbonyl 108 

indices CI were calculated using the following equation (1): 109 

(1) Carbonyl index (CI) = 
A[1780-1710]

A[1515-1450]

 

A[1780-1710] is the spectrum area between 1780 and 1710 cm-1, corresponding to the carbonyl bond from the 110 

aldehyde group (-C=O) centered at 1733 cm-1. A[1515-1450] is the spectrum area between 1515 and 1450 cm-1, 111 

corresponding to the methylene group (-CH2) centered at 1470 cm-1 (cf. Figure 2). This methylene group is 112 

considered as the reference to monitored the carbonyl yields during the weathering [12]. 113 



 114 

Figure 3 – Example of homopolymer POM spectra before (in pink solid line) and after artificial UV weathering 115 

(in blue dashed line) 116 

2.3.5 Rheometry tests 117 

Changes in POM molecular structure were assessed by melt viscoelasticity experiments in oscillatory shear 118 

mode using a rotational controlled strain rheometer (Anton Paar Physica MCR 301) equipped with a 25-mm 119 

diameter parallel plate geometry. All tests were carried out at a fixed temperature of 190°C under dry 120 

airflow. A strain amplitude within the linear viscoelastic region of 0,2% was applied. A frequency sweep from 121 

0.1 to 100 Hz was performed.  122 

3 Results & Discussion 123 

3.1 Surface morphology 124 

After 18 months under climatic conditions, a smooth surface was still observed on POM-H whereas cracks 125 

had appeared on POM-C with a spacing of 300 to 500 µm between cracks. For both POM references, 18 126 

months in seawater did not induce any significant visual degradation except some scratches caused by living 127 

organisms found in the net (various species of urchins and crabs) (cf. Figure 3). Thus, POM-C was more 128 

sensitive to surface degradation under climatic conditions than POM-H. 129 



 130 

Figure 4 - Surface morphology under electron microscopy of POM-H (on the top-row) and POM-C (on the 131 

bottom-row) in the pristine state (A and D), after 18 months under outdoor climatic conditions (B and E) and 132 

submerged in seawater  (C and F) 133 

In a previous study by Tang et al., surface cracking was also observed on POM pellets after 1.5 years of 134 

exposure to sunlight in a tropical climate (Taiwan) [19]. Important striations were found with cracks 135 

separated by 100-200 µm, and fragments of material were also lost from the pellets.  136 

Under accelerated artificial UV weathering, the degradation phenomenon is enhanced due to the harsher 137 

conditions. At a low magnification (x100), severe cracks were visible for both POM polymer after only one 138 

week of exposure (cf. Figure 4 and Figure 5). The larger cracks were separated by a distance of 150 to 250 139 

µm. Finer cracks also appeared after one week and increased in size over time, leading to a spacing of 50 to 140 

100 µm between the cracks.  141 



 142 

Figure 5 - Surface morphology under electron microscopy of POM-H under UV and water spray after 7 days (A 143 

and D), 14 days (B and E) and 21 days (C and F). x100 magnification on the top-row, x5000 magnification on 144 

the bottom-row 145 

At a higher magnification (x5000), surface cracking was very limited for the POM-H after one week, but a few 146 

cavities were visible. After two weeks, more cavities appeared and after three weeks a complete surface 147 

degradation with nano-scale cracks occurred. For the POM-C, this complete surface degradation with nano-148 

scale cracks appeared after the first week. 149 

  150 



 151 

Figure 6 - Surface morphology under electron microscopy of POM-C under UV and water spray after 7 days (A 152 

and D), 14 days (B and E) and 21 days (C and F). x100 magnification on the top-row, x5000 magnification on 153 

the bottom-row 154 

By splitting a POM sample using liquid nitrogen and observing the section, different morphologies were 155 

observed in the sample thickness (cf. Figure 6). The samples were injection molded, so a cooling gradient 156 

through the thickness is known to induce a layered structure. Indeed, Christöfl et al. have highlighted that in 157 

POM injected samples, the skin layer is a less crystalline and more amorphous zone than the bulk layer [21]. 158 

The present SEM image shows a clear separation between the outer layer and the core of the material due 159 

to the cooling gradient during injection molding. The fractured surface showed a highly fragmented top-layer 160 

(exposed to UV lamps) while the bottom-layer (not exposed) had broken in a cleaner way. Under 161 

magnification, it remained difficult to measure the crack depth: smaller cracks were 10-20 µm long, while 162 

longer cracks appeared to extend into the crystalline core layer at about 200 to 250 µm from the edge. Thus, 163 

it was assumed that the larger microplastics should be in the range of 150 to 500 µm in width. Finer cracks 164 

suggest that these fragments should continue to break into smaller pieces in the range of microns or even 165 

nanometers. Surface cracking of POM at different scales has been observed by another team that made the 166 

same assumption [19]. 167 

 168 



  

Figure 7 - Section morphology under electron microscopy of POM-C after 21 days under UV and water spray. 169 

On the left: x100 magnification, on the right: x1000. 170 

3.2 Mechanical behavior  171 

Tensile moduli and strengths were measured but did not show any significant evolution with exposure time. 172 

Strain at break is the most sensitive tensile property and is shown in Figure 7 for the natural conditions. 173 

Under climatic or marine conditions, the mechanical properties of both POM remained similarly stable up to 174 

6 months. However, the strain at break decreased drastically under climatic weathering and POM became 175 

fragile and brittle at 18 months. At this stage, handling of the samples led to polymer fragmentation into 176 

microplastics. In seawater, the properties were stable up to 15 months and started to decrease slightly at 18 177 

months. Comparatively, the mechanical properties of POM did not change during the first months of 178 

exposure. Longer exposure times were necessary to observe a significant mechanical degradation. The 179 

stability of the first month can be attributed to a seasonal effect, but more likely to an induction time of 180 

POM degradation already observed in the literature and ascribed to the consumption of stabilizing agents. 181 

Depending on temperature and oxygen pressure or concentration, this induction time was observed in mass 182 

evolution [10] and oxidation kinetics [12], [22]. 183 

  184 



 185 

Figure 8 - Evolution of the strain at break measured by tensile test under natural weathering conditions 186 

Under artificial UV, the induction time was not observed and Young’s modulus and strength decreased 187 

steadily with exposure time (cf. Figure 8). For the strain at break, a drastic drop at seven days followed by a 188 

moderate but steady decrease up to three weeks illustrated the degradation to a very fragile and brittle 189 

state. Thus, the decrease in strain at break was attributed to POM degradation by chain scission, a well-190 

known phenomenon in photo-oxidation and thermal oxidation mechanisms [23]. Thus, solar weathering 191 

conditions – natural or artificial – were the most detrimental conditions for POM in this study. Although 192 

POM-H was slightly stronger and stiffer in the initial state, no clear difference with POM-C was found in the 193 

evolution of mechanical properties with weathering time under these applied conditions. 194 

  

 

Figure 9 - Evolution of Young’s modulus (a), ultimate strength (b) and strain at break (c) measured by tensile 195 

test of POM-H and POM-C under artificial weathering conditions 196 



3.3 Polymer melting characteristics  197 

Melting temperatures did not show any significant variation in both heating steps. As for the melting 198 

enthalpies on the first heating ramp, no significant evolution with ageing time could be reported, in 199 

congruence with the stability of the measured elastic moduli. Thus, these natural weathering conditions did 200 

not affect the crystallinity of POM-H and POM-C.  In contrast, crystallinity ratios were higher in the second 201 

heating ramp but did not show significant variations with exposure time in both conditions (cf. Table 1). 202 

Thus, observed decreases in mechanical properties after climatic weathering cannot be attributed to 203 

crystallinity variations. 204 

Table 1 - Melting temperatures, enthalpies and crystallinity measured by DSC tests (average values ± 205 

standard deviation) for the natural weathering conditions 206 

    1st heating ramp 2nd heating ramp 

Polymer 
Duration 

(months) 
Tm (°C) ∆Hm (J.g-1) %cr Tm (°C) ∆Hm (J.g-1) %cr 

Under outdoor climatic conditions 

POM-H Tenac 

0 181 ± 2 157 ± 9 66% ± 4% 178 ± 1 183 ± 10 77% ± 4% 

3 180 ± 0 160 ± 2 68% ± 1% 179 ± 1 181 ± 4 77% ± 2% 

6 179 ± 0 155 ± 0 66% ± 0% 178 ± 0 176 ± 1 74% ± 0% 

12 180 ± 1 146 ± 4 62% ± 2% 177 ± 1 178 ± 4 75% ± 2% 

18 177 ± 0 161 ± 6 68% ± 3% 175 ± 1 180 ± 5 76% ± 2% 

POM-C Tenac 

0 172 ± 0 155 ± 3 65% ± 1% 175 ± 1 180 ± 6 76% ± 3% 

3 171 ± 0 150 ± 2 63% ± 1% 172 ± 0 180 ± 2 76% ± 1% 

6 172 ± 0 151 ± 4 64% ± 2% 172 ± 0 186 ± 5 79% ± 2% 

12 172 ± 0 148 ± 4 62% ± 2% 172 ± 1 206 ± 5 87% ± 2% 

18 175 ± 3 145 ± 2 61% ± 1% 170 ± 0 183 ± 3 77% ± 1% 

Submerged in seawater 

POM-H Tenac 

3 180 ± 0 151 ± 5 64% ± 2% 180 ± 0 150 ± 3 63% ± 1% 

6 179 ± 0 144 ± 2 61% ± 1% 179 ± 1 160 ± 1 68% ± 0% 

12 181 ± 0 153 ± 2 65% ± 1% 181 ± 1 167 ± 6 70% ± 3% 

18 180 ± 1 159 ± 2 67% ± 1% 179 ± 0 167 ± 8 71% ± 3% 

POM-C Tenac 

3 173 ± 0 148 ± 1 63% ± 0% 176 ± 1 172 ± 1 73% ± 0% 

6 172 ± 2 151 ± 4 64% ± 2% 174 ± 0 174 ± 4 74% ± 2% 

12 173 ± 0 146 ± 2 62% ± 1% 176 ± 0 169 ± 1 71% ± 0% 

18 172 ± 1 150 ± 0 63% ± 0% 175 ± 0 183 ± 11 77% ± 5% 

Under artificial UV, crystallinities were increased after one week of exposure, but the melting enthalpies 207 

could no longer be measured after 14 days (cf. Table 2). Other studies have evidenced a significant thermal 208 

degradation of POM after UV irradiation starting from 100°C in thermal gravimetric tests [13], [15] with 209 

formaldehyde as the main gaseous degradation product [14]. With DSC tests performed up to 200°C, this 210 

thermal degradation hinders the ability to measure enthalpies during the first heating step. 211 

For the second heating ramp, the crystallinity ratios were substantially increased after 3 weeks for POM-H 212 

from 77% (±4%) to 94% (±9%), while POM-C was not significantly affected. This value of 94% seems odd and 213 

can reflect a DSC signal that has been disturbed by the POM thermal degradation occurring during the 214 

heating ramp. Thus, POM-H showed a greater degradation phenomenon under these artificial UV conditions, 215 



while POM-C crystallinity remained unchanged. This can be attributed to a degradation of the amorphous 216 

part [24], or a  chemi-crystallization phenomenon promoted by short chains [9]. In congruence with the 217 

POM-C stability, Archodoulaki et al. have previously demonstrated POM copolymer higher stability to 218 

oxidation compared to POM homopolymer by OIt (Oxygen Induction Time) tests [13].  219 

Table 2 - Melting temperatures, enthalpies and crystallinity measured by DSC tests (average values ± 220 

standard deviation) for the artificial weathering conditions 221 

    1st heating ramp 2nd heating ramp 

Polymer 
Duration 

(days) 
Tm (°C) ∆Hm (J.g-1) %cr Tm (°C) ∆Hm (J.g-1) %cr 

Under UV and water spray cycles 

POM-H Tenac 

0 181 ± 2 157 ± 9 66% ± 4% 178 ± 1 183 ± 10 77% ± 4% 

7 176 ± 0 182 ± 1 77% ± 0% 174 ± 0 182 ± 3 77% ± 1% 

14 174 ± 1 n.d. n.d. 173 ± 1 179 ± 2 76% ± 1% 

21 174 ± 1 n.d. n.d. 173 ± 0 222 ± 22 94% ± 9% 

POM-C Tenac 

0 172 ± 0 155 ± 3 65% ± 1% 175 ± 1 180 ± 6 76% ± 3% 

7 170 ± 0 171 ± 7 72% ± 3% 171 ± 2 182 ± 3 77% ± 1% 

14 170 ± 3 n.d. n.d. 170 ± 2 189 ± 9 80% ± 4% 

21 172 ± 2 n.d. n.d. 169 ± 0 187 ± 7 79% ± 3% 

DSC results have shown a very slight increase in crystallinity with natural weathering time and an important 222 

chemi-crystallization mechanism of POM-H under artificial UV conditions. 223 

3.4 Surface oxidation 224 

 225 

Figure 10 - Carbonyl indices as a function of exposure time in the different weathering conditions  226 

Under climatic conditions, POM-H and POM-C carbonyl indices followed a similar trend: quite stable indices 227 

around zero in the first six months, followed by a sharp increase at 12 and 18 months between 0.8 and 1. 228 

Thus, surface oxidation seemed to occur after a certain exposure time and not immediately. Since the first 229 

six months were a fall-winter season with lower sunlight and temperatures, this evolution may be due to a 230 

seasonal effect. It may also be due to an induction time attributed to the consumption of stabilizing agents 231 

[12], [22]. In the case of seawater immersion, the carbonyl indices remained stable through the seasons 232 

revealing the absence of oxidation. 233 



After a few weeks under artificial UV, the carbonyl indices were higher than after 18 months under natural 234 

climatic conditions, with values between 1 and 1.5. As for the mechanical property evolution, no induction 235 

time was observed.  236 

3.5 Viscosity evolution 237 

The complex viscosities of POM-H and POM-C are plotted in Figure 10 and 11 for climatic and seawater 238 

conditions respectively. Artificially UV-weathered samples were not plotted as rheometry tests were not 239 

possible due to strong thermal degradation during the test. Indeed, pre-oxidized POM degrades at 240 

temperatures below the melting temperature [13].  241 

  

Figure 11 - Complex viscosity of POM-H (a) and POM-C (b) under climatic conditions with different exposure 242 

time 243 

In the initial state, both POM polymers exhibited the typical polymer Newtonian plateau below 1 Hz around 244 

800-1000 Pa.s. Under climatic conditions, the viscosities decreased sharply after 3 months but did not evolve 245 

with exposure time. The viscosities at low frequencies (0.01 to 0.1 Hz) remained close to the initial state, 246 

suggesting that the average molar masses were little affected. The rheological tests were not possible for the 247 

18-month POM-H samples because strong thermal degradation occurred during the test with the release of 248 

a strong formaldehyde smell. Thermal oxidative degradation is known to significantly reduce POM viscosity 249 

with exposure time [23]. Since POM is known to degrade predominantly via a depolymerisation process 250 

under oxidative conditions, this phenomenon is not sufficient to significantly change the viscosity as random 251 

chain scission would (like photo-oxidized polypropylene for instance [25], [26]). 252 

 253 

 254 



  

Figure 12 - Complex viscosity of POM-H (a) and POM-C (b) submerged in seawater with different exposure 255 

time 256 

When immersed in seawater, POM-H and POM-C showed different evolution. POM-H viscosity decreased 257 

sharply at high frequencies but remained similar to 0.01 Hz, indicating no significant decrease in average 258 

molar mass but a possible appearance of short chains. However, this trend did not correlate with the 259 

evolution of the mechanical properties of POM-H in seawater. POM-C, on the other hand, did not show any 260 

decrease in viscosity during its 18-months of immersion in seawater. Thus, the microstructure of POM-H 261 

appeared to be altered in seawater, whereas other characterizations have shown the preservation of its 262 

properties over time. The appearance of short chains or the leaching of POM-H additives in seawater could 263 

explain this tendency. 264 

3.6 Discussion 265 

When comparing the different characteristics of POM, two seem to correlate well (Pearson coefficient r = -266 

0.91): the carbonyl index and the strain at break, as shown in Figure 12. Thus, high carbonyl indices 267 

correspond to low strains at break. Low carbonyl indices correspond to samples that remained mechanically 268 

resistant.  269 



 270 

Figure 13 - Carbonyl index as a function of strain at break for all the weathering conditions at each exposure 271 

time for both POM polymers 272 

Thus, the two distinct groups of dots suggest two stages of the POM degradation process. In the lower right 273 

portion of the graph are all the submerged samples, as well as samples aged under climatic conditions for a 274 

short period of time. At this stage, the stabilizing agents may have been consumed or the weathering 275 

conditions may not have been sufficient to significantly degrade the POM. Artificially weathered samples and 276 

highly degraded samples from climatic conditions (exposure of 18 months) are found in the upper left part of 277 

the graph. At this stage, POM were fragile and brittle, and began to fragment into microplastics. The 278 

transition between these two stages occurred very rapidly for the artificial weathering (before one week) 279 

whereas it appeared between 12 and 18 months under climatic conditions. Submerged in seawater, the 280 

degradation was too limited to make the POM polymers brittle until 18 months. From a general point of 281 

view, POM-C samples showed lower carbonyl indices in all conditions, leading to assume that POM-C is less 282 

sensitive to oxidation. Otherwise, the mechanical properties of POM-C did not show a better stability than 283 

POM-H. 284 

4 Conclusion 285 

In the present study, poly(oxymethylene) was investigated under different weathering conditions using 286 

physico-chemical characterization techniques. To understand how a POM macroplastic would evolve under 287 

different sets of weathering, two POM references were subjected to 18 months of climatic or marine 288 

weathering conditions or a few weeks of artificial UVB/water spray cycles. The samples were then 289 

characterized by electron microscopy, tensile tests, DSC, infrared spectroscopy and rheometry tests. 290 



Natural climatic conditions were the most favorable conditions for POM degradation, especially under solar 291 

UV rays as evidenced by the strong fragmentation into microplastics when subjected to artificial UV cycles. 292 

The evolution of properties with exposure time was found to be non-linear under natural conditions, as 293 

opposed to artificial conditions. Highly fragmented POM samples showed fragments in the range of 150 to 294 

500 µm wide. Finer cracks suggest that these fragments should continue to break into smaller pieces in the 295 

range of microns or even nanometers. At these dimensions, POM is unlikely to be found in surface water 296 

samples as its density of 1.4 g.cm-3 causes it to sink. Furthermore, no significant difference was found 297 

between the POM homopolymer and the POM copolymer under the conditions studied. Since its exact 298 

composition was unknown, it was difficult to fully understand the behavior of POM. Otherwise, the possible 299 

effect of seasons was not considered here, and the duration of exposure should be extended to be able to 300 

meet the extreme level of degradation found on POM litter from the environment. 301 

Based on this study, two degradation phases were observed. The most degraded state is when carbonyl 302 

indices are high and strain at break is low: strong POM fragmentation takes place to form microplastics, 303 

which continue to break down into nanoplastic particles as the degradation phenomenon keeps progressing. 304 

This was only observed under extreme artificial UV conditions or long natural outdoor exposure and not in 305 

seawater.  306 

Based on these results, it can be expected that a macro or meso plastic litter in uncolored POM polymer 307 

could stay intact before producing microplastics during about one year in climatic conditions (on a beach or 308 

a river bank for instances). Several years should be necessary to completely break it down into microplastics 309 

depending on the initial size. In contrast, the POM lifespan under water is impossible to estimate as no 310 

material characteristics have been altered. So POM items are expected to remain intact after many years 311 

under water. As suggested by the Figure 13, the evolution through microplastics is strongly correlated by a 312 

highly oxidized and brittle condition, condition being likely to happen under UV exposure. Thus, it is assumed 313 

that predicting the future of POM plastic litter in the environment is a difficult task, as it will depend on its 314 

journey from land sources to the sea and finally to sediments due to its high density.  315 

Future work should focus on the formation of microplastics, the formaldehyde release and the toxicity as a 316 

function of the degradation state in seawater as well as in freshwater. Further investigations on POM plastic 317 

materials should be extended to POM copolymers and biobased POM. Other types of engineering plastics 318 

should also be considered as they may be potentially more detrimental to fauna and flora than more studied 319 

polymers such as polypropylene, polyethylene or polystyrene. 320 
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