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Highlights 

- The observed stabilizing efficiency of a given stabilizer (HALS) depends on the irradiance.  

- The increase of photooxidation rate depends on the type of HALS stabilizer. 

- Lifetime predictions based on exposures performed at different irradiances do not give the 

same lifetime for the same sample 

- The predicted lifetime of HALS stabilized LDPE depends on the irradiance used. 

 

Abstract 

This paper concerns the experimental analysis of the effect of irradiance on the 

photooxidation of low-density polyethylene (LDPE) stabilized with different HALS. Infrared 

analysis in transmission mode was used to monitor the extent of oxidation provoked by the 

exposure of thin samples (100 microns thick) in a SEPAP MHE unit (Atlas/Ametek) at two 

different irradiances (90 W.m-2 and 300 W.m-2 between 300 and 420 nm). The temperature 

of the samples was maintained constant in order to focus on the impact of irradiance on the 

kinetics, without interfering with the temperature. The intended goal was to characterize 

the effect of the irradiance in accelerated testing and the consequences on the lifetime 

prediction. Previous results obtained in the case of unstabilized LDPE samples showed that 

no acceleration was obtained when increasing the irradiance from 90 W.m-2 and 300 W.m-2 

while keeping the temperature constant. In the case of the stabilized samples, the results 

presented in the present article show that the rates of photo oxidation tended to increase 

when increasing the irradiance. However, the ratio of these rates never reaches the ratio of 

the irradiances, and these ratios depends on the stability of the samples.     

 

Keywords: polyethylene, HALS, photooxidation, irradiance, acceleration, shift factors 



 

 

2 

 

* Corresponding Author: Sandrine Therias 

I.C.C.F. UMR 6296 - Institut de Chimie de Clermont-Ferrand 

Université Clermont Auvergne - CNRS - SIGMA Clermont 

Campus des Cézeaux - 24, avenue Blaise Pascal - TSA 60026 - CS 60026 

63178 Aubière Cedex 

E-mail: sandrine.therias@uca.fr 

  

mailto:sandrine.therias@uca.fr


 

 

3 

1. Introduction 

Polymeric materials change their properties depending on the environmental parameters at 

the site of use. The most important parameters are the incident solar light and the 

temperature of the material. Accelerated testing is necessary for the development of new 

products within a commercially acceptable time with the aim of shortening the design-

development-production cycle [1]. A conventional method of accelerated weathering is by 

irradiating materials at a radiant flux higher than the in-service flux and extrapolating the 

results back to in-service flux levels. Using highly severe tests, it would indeed be possible to 

estimate the time that will be required under the milder conditions in order to make a 

judgement concerning the most promising materials. Accelerating degradation has been 

indeed desired for years, and the influence of the light intensity and the temperature has 

been explored. Accelerated-ageing tests are carried out for two major purposes. The first is 

to establish the relative ranking of materials in a conveniently short time, and the second is 

to estimate or “predict” potential long-term serviceability of materials. Testing in 

accelerated conditions can indeed provide useful information in shorter time periods, but 

the stresses (light, heat, etc.) and their intensity have to be chosen accurately to avoid 

unrealistic degradation modes and failure mechanisms not observed in natural weathering 

[2,3]. Understanding the sources of errors is mandatory for developing relevant testing 

methods. Many articles have been published dealing with accelerated weathering and 

service life prediction in various industrial domains 

[4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19]. Most authors agree that sunlight, particularly 

the UV component is the primary factor in outdoor weathering, and as a consequence, 

artificial ageing is performed using UV sources with irradiances greater than the outdoor 

irradiance in order to achieve acceleration. It has been agreed for years that sources with 

wavelengths not present in the solar spectrum at the surface of the earth have to be 

excluded, and that irradiances that are too high (lasers for example) should not be used 

since they produce effects not encountered during natural weathering (e.g. biphotonic 

excitation, etc.) [20]. The effect of irradiance on the photodegradation of polymers has 

received much attention. Generally, the effect of irradiance on the rate of a photochemical 

process can be characterized by the Schwarzschild law [21]: 

Ip . t = constant,  

with I = irradiance, t = exposure time and p the Schwarzschild coefficient. 
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When p =1, Schwarzschild’s law becomes the reciprocity law: 

I . t = constant. 

A material obeys reciprocity if the degradation is a function of the total radiant energy and 

not a function of the rate at which the energy is applied. The literature reports many studies 

of irradiation effects on the photodegradation of polymers [22,23,24,25,26,27]. Simplifying 

assumptions should not be made concerning the photodegradation process: polymer 

degradation is not linearly proportional to the energy dose and therefore is not linear in light 

intensity [28].  The p-coefficient ranges between 0.5 and 1 for many (unstabilized, stabilized 

or pigmented) polymeric systems, and moreover, the Schwarzschild coefficient p may vary 

from one given material to another.  

In a previous article [29], we reported a study of the influence of light intensity on the rate of 

photooxidation of unstabilized polyethylene. Chemical modification provoked by UV light 

was characterized by infrared spectrometry measurements. The objective was to define the 

limits and accuracy of accelerated weathering of polyethylene and to discuss the relevance 

of “highly” accelerated UV weathering tools. We have shown in this article that no 

acceleration of the oxidation was obtained by increasing the irradiance above a certain level 

not considered high. It was also shown that reciprocity failure with a p from 0.5 to 0 

occurred when increasing the irradiance while staying in a range of conventional irradiance 

values. This was explained by the fact that recombination and/or disproportionation are 

faster than propagation as a result of excessive free radical generation resulting from light 

absorption at high irradiance levels. This result is important from a practical point of view 

since it provides strong indications regarding the limits of accelerated ageing and lifetime 

prediction. This result was unexpected and raises the issue of lifetime prediction from 

accelerated ageing. It may be anticipated that, for a given polymer, the Schwarzschild 

coefficient p could vary with the stabilization brought by different stabilizers or different 

concentrations of a given stabilizer.  

One could then question the influence of light intensity and how the rate of photooxidation 

varies in the case of stabilized samples when increasing the light intensity. The present study 

discusses the effect of varying UV intensity on the degradation rates of low-density 

polyethylene stabilized with various commercial hindered amine light stabilizers (HALS) used 

in LDPE films for agricultural applications [9]. The samples were exposed to accelerated 

ageing at two different irradiances (90 and 300 W.m-2 between 300 and 420 nm). Exposures 



 

 

5 

were performed at a constant temperature (60 °C) to avoid any undesirable acceleration due 

to the increase in temperature (we have shown that the activation energy of LDPE 

photooxidation is 74 kJ.mol-1 [29]). The chemical modification provoked by UV light was 

characterized by infrared spectrometry measurements. The objective is to discuss the 

predictive aspect of accelerated weathering for stabilized samples. 

2. Materials and experimental 

2.1. Polyethylene grades 

Two different low-density polyethylene (LDPE) grades were used in this study as raw 

materials and for formulated compounds: ALCUDIA® PE-033 commercially available at 

REPSOL and hereafter called PE033 (density 0.921; MFI 0.3 g/10 min), and Lupolen 2420 F 

from LyondellBasell Industries and later designed as PE2420F (density 0.923; MFI 0.75 g/10 

min). 

2.2. Stabilizers 

The commercial names and amounts of stabilizers used in the preparation of the materials 

for photoageing studies are shown in Table 1.  

Table 1: Commercial names and amounts of stabilizers used in the stabilized LDPE 

Commercial 
name 

Chemical structure Supplier 
Molar 
mass 

(g.mol-1) 

Tinuvin® 622 

 

BASF 
3100 - 
4000 

Chimassorb® 
944 

 

BASF 
2000 – 
3100 

Sabostab® UV 
119 

 

SABO 2286 
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Tinuvin® NOR 
371 

 

BASF 
2800 - 
4000 

2.3. Formulated samples 

Two series of samples were successively studied. The first one was produced with PE033 as 

the carrier resin with 0.2% w/w of different HALS stabilizers (see Table 1). The compositions 

are given in Table 2. No processing antioxidant was added. 

Table 2: Formulations based on PE033 with various HALS at the same concentration (0.2% w/w) 

Sample Polymer HALS (% w/w) 
Active groups  

(per 100 g of polymer) 

T622 

PE033 
(99.8 % w/w) 

Tinuvin® 622 
(0.2) 

7.0×10-4 mol 

C944 
Chimassorb® 944 

(0.2) 
7.3×10-4 mol 

S119 
Sabostab® UV 119 

(0.2) 
7.0×10-4 mol 

T371 
Tinuvin® 371 

(0.2) 
5.7×10-4 mol 

 

The second series of samples was prepared using PE2420F as the carrier resin and Sabostab® 

UV 119 as the stabilizer with concentrations from 0.1 to 0.4% w/w (Table 3). 

Table 3: Formulations based on PE2420F with Sabostab® UV 119 at various amounts 

Sample Polymer HALS (% w/w) 
Active groups  

(per 100 g of polymer) 

S119-0.1 
PE2420F 

(99.9 % w/w) 
Sabostab® 119 

(0.1) 
3.5×10-4 mol 

S119-0.2 
PE2420F 

(99.8 % w/w) 
Sabostab® 119 

(0.2) 
7.0×10-4 mol 

S119-0.4 
PE2420F 

(99.6 % w/w) 
Sabostab® 119 

(0.4) 
14.0×10-4 mol 

 

2.4. Preparation of polymer films 

Raw and stabilized PE films with a thickness of 100 µm were obtained from blown extrusion 

at 200 °C on a single layer laboratory extruder at Barbier Group. The duration of the 

processing was 5 min. 

2.5. Photothermal ageing 
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The samples were irradiated in a SEPAP MHE unit (Atlas/Ametek) at 60°C [29]. Three 

samples for each formulation were exposed and characterized to ensure the reproducibility 

of the spectrometry measurements. The SEPAP MHE was equipped with a medium-pressure 

mercury lamp located in the center of the apparatus, around which the samples were placed 

on a rotating carrousel. Wavelengths below 300 nm were filtered out. The irradiance 

between 300 and 420 nm was fixed either at 90 W.m-² (M mode) or at 300 W.m-² (H mode). 

For comparison, the ISO/TR 17801:2014 (E) standard for peak AM 1 sunlight has an 

integrated irradiance of 99.5 W/m2 over the range 300-420 nm [30]. Irradiance and black 

standard temperature (TBST) were on-rack controlled on-rack by a wireless XENOSENSIV light 

and a BST monitor, respectively. The temperature of the air in the device (Tch) was controlled 

by a sensor placed inside the chamber. As the polymer films used in this study were 

transparent, the temperature at the surface of the films was considered equal to the 

chamber temperature. 

2.6. Characterization method 

The thickness of the samples (100 µm) was low enough to allow for monitoring the chemical 

changes in transmission mode. The spectra were recorded with a Nicolet 6700 FTIR 

spectrometer working with OMNIC software. The spectra were obtained using 32 scans and 

a 2 cm-1 resolution. Small differences in sample thickness were corrected by considering a 

reference band which is not affected by the ageing. In order to plot the oxidation kinetics, 

we measured the differences of absorbance with respect to t0 A  at 1713 cm-1 (C=O 

stretching in carboxylic acids). 

 

3. Results and discussion 

Infrared spectroscopy has proven to be a suitable and frequently used analytical technique 

for monitoring the oxidation process of polyethylene [31,32].  

During the photooxidation, dramatic changes in the infrared spectra of the exposed samples 

are noted in the carbonyl, as illustrated in Figure 1, and hydroxyl absorption ranges. 
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Figure 1: Infrared spectra of a LDPE PE033 film (100 microns) at different times of photooxidation 

with the MHE device (90 W.m-2 and 60°C) 

These changes in the carbonyl absorption range indicate the formation of ketones (1718 cm-

1), carboxylic acids (1713 cm-1), esters (1735 cm-1) and lactones (1780 cm-1) [31]. One can 

also notice the formation of isolated double bonds (1640 cm-1). In the range of hydroxyl 

frequencies, a broad band with a maximum at 3420 cm-1 and a sharp absorption band at 

3550 cm-1 appeared in the spectrum. These bands were attributed to the formation of 

monomeric hydroperoxides (3550 cm-1) and hydrogen-bonded alcohols and hydroperoxides 

(3420 cm-1). The intensities of both bands remained very low, confirming that the stationary 

concentrations of hydroperoxides were rather small under the conditions of photooxidation 

[33]. The mechanism of photooxidation accounting for the main routes of degradation of PE 

is fairly well understood [31]. Plotting the absorbance at 1713 cm-1 with the exposure time 

allows for comparing the rate of oxidation of the different formulations. 

3.1  Influence of the irradiance (90 W.m-2 and 300 W.m-2) at a constant temperature on 

the photooxidation of non-stabilized LDPE PE033 and PE2420F 

The influence of the irradiance on the oxidation of samples was first evaluated for non-

stabilized films of PE 033 and PE 2420F with a thickness of 100 microns exposed at 90 and 

300 W.m-2 in the chamber of the MHE device at a sample temperature of 60°C. The 



 

 

9 

difference of absorbance with respect to t0 A(1713 cm-1) was measured and plotted as a 

function of the exposure time (Figure 2). 

 

Figure 2: Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2 for non-stabilized 

samples PE033 and PE2420F (T = 60 °C and film thickness = 100 microns)  

As expected from our previous results reported in reference 29, the kinetic curves obtained 

from exposing the unstabilized samples to these two different irradiances (90 W.m-2 and 300 

W.m-2) at the same temperature were the same, confirming that no acceleration of 

photooxidation was observed, although the irradiance increased by a factor of 3.33. This 

result is obtained for both polymers PE033 and PE2420F, which degrade at very similar rates.  

3.2  Influence of the irradiance on formulations based on PE033 with various HALS at 

the same concentration and determination of shift factors 

The formulations studied here were elaborated on the basis of PE033 and 0.2% w/w of 

different HALS (Tables 1 and 2).  Figure 3 shows the corresponding A(1713 cm-1) values as a 

function of the exposure time. 
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Figure 3. Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2 for PE033 samples 

stabilized with different HALS (T = 60 °C and film thickness = 100 microns) 

We can observe a stabilizing effect of the HALS that were used, which depends on their 

nature. It is not the objective of this article to comment on the influence of the stabilizers 

and on the stabilities, which are brought by the various HALS at a concentration of 0.2% 

w/w. One will summarize that the observed order of stability was Tinuvin® NOR 371 (T371) > 

Sabostab® 119 (S119) > Chimassorb® 944 (C944) > Tinuvin® 622 (T622). Figure 3 shows that 

the order of stability is the same when irradiations are performed either at 90 or 300 W.m-2. 

More importantly, the relative rates of oxidation (90 W.m-2 vs. 300 W.m-2) are not similar for 

the various stabilizers that were used.  Table 4 gives the time to reach an absorbance 

difference A of 0.4 at 1713 cm-1, which allows comparing the photostability of the different 

formulations.  

Table 4. Time to reach an absorbance difference A of 0.4 as a function of the stabilizer and the 

irradiance (data obtained from Figure 3)  

Sample 
Time 300 (in hours) to reach 

A (1713 cm
-1

) = 0.4 at 90 W.m
-2

 
Time 90 (in hours) to reach 

A (1713 cm
-1

) = 0.4 at 300 W.m
-2

 

PE033 130 130 

T622 1620 970 
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S119 2540 1400 

C944 2520 1290 

T371 3610 1850 

 

Comparing the oxidation rates represented in Figure 3 allows a shift factor to be calculated. 

The shift factor is simply obtained by multiplying the time scale by some fixed number. This 

is represented in Figure 4, which shows the carbonyl absorbance data obtained for 

irradiation at 300 W.m-2 as a function of the exposure time multiplied by the shift factor. 

These data are compared to the carbonyl absorbance data obtained for irradiation at 90 

W.m-2 as a function of the exposure time.  This factor was determined experimentally by 

considering the mean ratio of the exposure times to reach the same degradation along the 

whole kinetic curves and are reported in Table 5.  

 

Figure 4. Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2 for PE033 samples 

stabilized with different HALS, with time scale multiplied by the shift factors reported in Table 5 in 

the case of the curves at 300 W.m-2 

For each formulation, we obtain a perfect superposition of the kinetic curves using the shift 

factors given in Table 5. In addition, these shift factors can be used to estimate the 
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Schwarzschild coefficient p associated to each sample from the equation Ip . t = constant (as 

recalled in the introduction). The p coefficients were calculated as:  

p = log(shift factor) / log(irradiance ratio) 

Table 5. Shift factors and Schwarzschild coefficient p determined by superposition of the kinetic 

curves at 90 and 300 W.m-2 presented in Figure 3 

Sample Shift Factor Schwarzschild coefficient p 

PE033 1.0 0 

T622 1.7 0.44 

S119 1.8 0.49 

C944 1.9 0.53 

T371 2.0 0.58 

 

The results presented in this table clearly indicate that the shift factor is closely related to 

the stability of the sample, and the shift factor increases with the stabilizing effect brought 

by the stabilizer. The shift factor is 1 in the case of the unstabilized polymer, and 

consequently, the Schwarzschild coefficient p is 0, which means that increasing the 

irradiance above 90 W m-2 does not provoke any acceleration of photooxidation. Then, when 

the stability of the polymer brought by the used HALS increases, the shift factor increases 

progressively to reach a value of 2, and the Schwarzschild coefficient p reaches a maximum 

value of 0.58. This value is comparable to that reported by Vink [27] which was 0.54 for 

HDPE with 0.1 % of Tinuvin 770. 

3.3  Influence of the irradiance on formulations based on PE2420F with the same HALS 

at different concentrations and determination of shift factors 

The previous results clearly show that the shift factor and the associated Schwarzschild 

coefficient p are dependent on the stabilizing effect of the considered HALS. It could be 

expected that the stabilizing effect brought by an increase of the HALS concentration for a 

same LDPE would also affect these parameters, and the objective of this part was to 

determine the influence of the irradiance on the photooxidation of formulations using the 

same stabilizer, but at different amounts. In this experiment, PE2420F with Sabostab® 119 at 

different amounts (from 0.1 to 0,4% w/w) was used. The obtained results are reported in 

Figure 5, which shows the oxidation kinetics at two levels of irradiance considered for the 

samples reported in Table 3. 
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Figure 5. Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2) for PE2420F 

samples stabilized with different amounts of Sabostab® 119 (T = 60 °C and film thickness = 100 

microns) 

The results reported in this figure indicate that the photostability increases with the amount 

of stabilizer, which was expected. Table 6 gives the time to reach A of 0.4 at 1713 cm-1, 

which allows comparing the photostability of the various formulations. 

Table 6. Time to reach an absorbance difference A of 0.4 as a function of the stabilizer and the 

irradiance (from data presented in Figure 6) 

Sample 

Time (in hours) to reach 

A (1713 cm
-1

) = 0.4 
at 90 W.m

-2
 

Time (in hours) to reach 

A (1713 cm
-1

) = 0.4 
at 300 W.m

-2
 

PE2420F 110 110 

S119-0.1 1750 1100 

S119-0.2 3220 1600 

S119-0.4 5110 2560 
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The results given in Figure 5 and Table 6 show that, similar to what was observed above 

(Section 3.2), the relative stabilizing effect is not the same when irradiations are performed 

at 90 or 300 W.m-2. 

The shift factor was determined following the procedure reported above. The values that 

allow the best superposition of the kinetic curves are given in Table 7, and the kinetic curves 

obtained when multiplying the exposure time by the shift factor are displayed in Figure 6. 

 

Figure 6. Carbonyl absorbance A(1713 cm-1) vs. exposure time at 90 and 300 W.m-2 for PE2420F 

samples stabilized with different amounts of Sabostab® 119, with time scale multiplied by the shift 

factors reported in Table 7 in the case of the curves at 300 W.m-2 

 

Table 7. Shift factors and Schwarzschild coefficient p determined by superposition of the kinetic 

curves presented in Figure 6. 

Sample Shift Factor 
Schwarzschild 

coefficient p 

PE2420F 1 0 

S119-0.1 1.6 0.39 

S119-0.2 2.0 0.58 

S119-0.4 2.0 0.58 
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Here, again, one can see that the kinetic curves obtained when multiplying the exposure 

time by the shift factor superpose rather well. Moreover, the shift factors are not constant 

and increase with the stability of the exposed samples. The values range from 1.6 for an 

amount of stabilizer of 0.1 % up to 2.0 in the case where the stabilizer amount was 0.4 %. 

The Schwarzschild coefficient p increases again up to 0.58. 

Figure 7 summarizes the results obtained for the two series of samples. These data, which 

were given in Tables 4 to 7, compare the shift factors and the Schwarzschild coefficient p for 

the various formulations considered in the current article.  

 

Figure 7. Shift factor (300 W m-2 vs. 90 W m-2) (7a) and Schwarzschild coefficient p (7b) as a function 

of the exposure time at 90 W m-2 to reach A(1713 cm-1) = 0.4 (film thickness = 100 microns) 

Our results indicate that oxidation resulting from exposure to UV light at irradiances equal to 

90 or 300 W.m-2 between 300 and 420 nm and performed at a temperature of 60°C, which is 

considered medium to highly accelerated ageing conditions, did not follow the reciprocity 

law.  The Schwarzschild coefficient p was always below 1 and the maximum value that was 

reached was 0.58.  

Moreover, it was reconfirmed that the coefficient was equal to 0 for the unstabilized LDPE 

samples above 90 W.m-2, which indicated that increasing the irradiance above this value did 

not provoke any increase in the oxidation rate. As reported in our previous article, a 

plausible hypothesis to explain that in the case of unstabilized LDPE samples, no acceleration 

was observed above a certain level of UV light intensity, was that the free radical generation 

is so high that recombination and/or disproportionation are faster than propagation for 

these unstabilized samples. This result was a priori unexpected because an irradiance of 90 

W.m-2 in the range of 300 and 420 nm is generally considered not too high. Hindered Amine 



 

 

16 

Light Stabilizers inhibit the oxidative degradation of polymers and then decrease the rate of 

free radical concentration, which has for consequence to change the ratio of recombination 

and/or disproportionation vs. propagation. Then the shift factor increases when changing 

the irradiance from 90 W.m-2 or 300 W.m-2, but it never reaches the ratio of the irradiances, 

which is 3.3, and the Schwarzschild coefficient p remains below 0.58. 

It is often stated by various standards in use to expose the sample at a given dose when 

testing the photostability of polymers. Figures 8 and 9 shows the kinetic curves already 

presented above as Figures 3 and 5, but with the carbonyl absorbance reported as a function 

of the dose (in MJ.m-2).  

 

Figure 8. Carbonyl absorbance A(1713 cm-1) vs. dose (in MJ.m-2) at 90 and 300 W.m-2 for 

formulations presented in Table 2 and Figure 3 (T = 60 °C and film thickness = 100 microns) 
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Figure 9. Carbonyl absorbance A (1713 cm-1) vs. dose (in MJ.m-2) at 90 and 300 W.m-2 for 

formulations presented in Table 3 and Figure 5 (T = 60 °C and film thickness = 100 microns) 

Using the results presented in Figures 8 and 9 to compare the fate of stabilized samples 

would lead to false conclusions. In the case of the first series, Figure 8 shows that the 

formulations exposed at an irradiance of 300 W.m-2 require greater doses to reach the same 

carbonyl absorbance than the formulations exposed at an irradiance of 90 W.m-2. In 

contrast, Figure 3 clearly shows that the formulations exposed at an irradiance of 90 W.m-2 

requires longer exposure times to reach the same carbonyl absorbance than the 

formulations exposed at an irradiance of 300 W.m-2. This illustrates that the reciprocity law 

is not fulfilled, with a Schwarzschild coefficient p that is well below one. We have similar 

conclusions in the case of the second series, as shown in Figures 5 and 9. 

 

4. Conclusion 

The prediction of durability requires accelerated photoageing which is by nature based on 

irradiations performed at irradiances higher than the irradiances encountered in natural 

conditions. It has been admitted for years that too high levels of irradiance must be avoided 

since they can produce undesired effects, but in this study the irradiances are limited to an 

conventional range. Obviously, this article clearly indicates that increasing the irradiance, 
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even staying at conventional levels (i.e., those levels that are used in most conventional 

ageing devices) cannot provide solid data concerning the durability of the exposed materials, 

and even more critically, could give false predictions of the protective effect of stabilizers.  

The most important conclusion of this study concerns the testing of the degradation of 

stabilized LDPE samples and the prediction of their durability.  The experimental results 

reported in this article have indeed notable consequences:  

- The observed stabilizing efficiency of a given stabilizer (HALS) depends on the irradiance: 

Depending on the irradiance, characterized here by a ratio of the irradiances equal to 3.3, 

different relative oxidation rates are found for stabilized LDPE. 

-  Lifetime predictions based on exposures performed at different irradiances will not give 

the same lifetime for the same sample, i.e. lifetime prediction is dependent on the irradiance 

used. 

- Acceleration of the ageing is not equal to the ratio of the irradiances, that is to say I300 W.m-2/ 

I90  W.m-2 = 3.3, is never the acceleration factor observed for stabilized LDPE.  

It is apparent that the rate of photooxidative degradation in stabilized or unstabilized LDPE is 

a function of the light intensity and that the nature of this dependence is controlled by the 

amount and type of stabilizer in the polymer. This means that, even if light intensities in 

accelerated testing are identical, a valid comparison of the results of photooxidation cannot 

be made.  
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Figure Captions 

Figure 1: Infrared spectra of a LDPE PE033 film (100 microns) at different times of photo oxidation 

with the MHE device (90 W.m-2 and 60°C) 

Figure 2: Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2 for non-stabilized 

samples PE033 and PE2420F (T = 60 °C and film thickness = 100 microns) 

Figure 3. Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2 for PE033 samples 

stabilized with different HALS (T = 60 °C and film thickness = 100 microns) 
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Figure 4. Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2 for PE033 samples 

stabilized with different HALS, with time scale multiplied by the shift factors reported in Table 5 in 

the case of the curves at 300 W.m-2 

Figure 5. Carbonyl absorbance A(1713 cm-1) vs. ageing time at 90 and 300 W.m-2) for PE2420F 

samples stabilized with different amounts of Sabostab® 119 (T = 60 °C and film thickness = 100 

microns) 

Figure 6. Time to reach an absorbance of 0.4 as a function of the stabilizer and the irradiance (from 

data presented in figure 6) 

Figure 7. Shift factor (300 W m-2 vs. 90 W m-2) (7a) and Schwarzschild coefficient p (7b) as a function 

of the exposure time at 90 W m-2 to reach A(1713 cm-1) = 0.4 (film thickness = 100 microns) 

Figure 8. Carbonyl absorbance A(1713 cm-1) vs. dose (in MJ m-2) at 90 and 300 W.m-2 for 

formulations presented in Table 2 and Figure 3 (T = 60 °C and film thickness = 100 microns 

Figure 9. Carbonyl absorbance A(1713 cm-1) vs. dose (in MJ m-2) at 90 and 300 W.m-2 for 

formulations presented in Table 3 and Figure 5 (T = 60 °C and film thickness = 100 microns) 

 

Table 1 Commercial names and amounts of stabilizers used in the stabilized LDPE 

Table 2. Formulations based on PE033 with various HALS at the same concentration (0.2 % w/w) 

Table 3. Formulations based on PE2420F with Sabostab® UV 119 at various amounts 

Table 4. Time to reach an absorbance difference A of 0.4 as a function of the stabilizer and the 

irradiance (data obtained from Figure 3)  

Table 5. Shift factors and Schwarzschild coefficient p determined by superposition of the kinetic 

curves at 90 and 300 W.m-2 presented in Figure 3. 

Table 6. Time to reach an absorbance difference A of 0.5 as a function of the stabilizer and the 

irradiance (from data presented in figure 6) 

Table 7. Shift factors and Schwarzschild coefficient p determined by superposition of the kinetic 

curves presented in Figure 6. 
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