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Abstract. We report on a study focusing on UV exposure conditions in three different types of chambers used for 
accelerated ageing of materials. The first chamber is equipped with four 300-W UVA/UVB mercury vapour lamps 
(Ultra-Vitalux/Osram). The second chamber uses four 40-W UVA fluorescent lamps (QUV-340/Q-Lab). The third 
chamber is Weather-Ometer Ci3000+ from Atlas with a 4500-W xenon arc lamp. UV irradiance prevailing in each 
chamber was measured using Bentham DM150 double monochromator spectroradiometer. The results were compared to 
measurements of solar spectral UV irradiance at Jokioinen, Finland, with a Brewer MkIII double monochromator 
spectrophotometer.  The spectral shapes of the exposing UV radiation in the different chambers were found to notably 
differ from each other and from the solar UV spectrum. Both spatial inhomogeneities and temporal variability caused by 
various factors, like the ageing of the lamps, were detected. The effects were found to strongly depend on wavelength of 
the exposing UV radiation. The findings of this study underline the necessity of careful characterization of the UV 
exposure conditions provided by the facilities used in accelerated testing of materials. 

INTRODUCTION 

Accelerated testing, employing artificial sources of UV radiation, is routinely used to test the performance of 
building and structural materials, coatings and sealants [1]. The results of the tests are further used for making 
service life time estimates for the materials. Conditions prevailing in the accelerated ageing differ from the real 
service environment. Often, the differences are only approximately known. This restricts the applicability and 
reliability of the life time estimates based on artificial ageing. 

In this study, three different chambers used for accelerated ageing of materials were characterized for their 
radiative properties in the UV wavelength range. Both temporal and spatial variations in the UV exposure were 
investigated. Differences in the spectral shape of radiation were of special interest, since degradation of materials is 
known to strongly depend on the wavelength of the exposing UV radiation [2]. The results obtained are compared 
against measurements of solar UV irradiance in Jokioinen, Finland.  

MATERIALS AND METHODS 

The three different types of chambers characterized in this study, shown in Fig. 1, are as follows: a) UV chamber 
with mercury vapour lamps, equipped with four 300-W UVA/UVB Ultra Vitalux lamps from Osram; b) UV 
chamber with fluorescent lamps, using four 40-W UVA fluorescent lamps of type QUV-340 from Q-Lab; c) 
Weather chamber Weather-Ometer Ci3000+ from Atlas Material Testing Solution, employing a water cooled 4500-
W Xenon arc lamp with inner/outer filters of type S/S (borosilicate) filtering out the UVC. According to the 
information given by the manufacturers, the radiative output of all these lamps should exclude radiation below 
UVB. The chambers are in regular use for accelerated ageing of materials and tests of durability of materials against 
UV radiation. 

Radiation Processes in the Atmosphere and Ocean (IRS2016)
AIP Conf. Proc. 1810, 110004-1–110004-4; doi: 10.1063/1.4975566

Published by AIP Publishing. 978-0-7354-1478-5/$30.00

110004-1



   
a) b) c) 

FIGURE 1. Artificial weathering equipment with different sources of UV radiation: a) UV chamber with mercury vapour lamps; 
b) UV chamber with fluorescent lamps; c) weather chamber with Xenon arc lamp. 

 
Measurements of UV irradiance inside the chambers were carried out using Bentham DM150 double  

monochromattor spectroradiometer. The foreoptics consisted of a measurement head UV-J1002 from CMS-Schreder 
with teflon diffuser, connected to the spectrometer by a quartz fibre. The irradiance scale used in the calibration of 
the spectrometer is traceable to VTT MIKES, Aalto University, Finland [3]. In the UV chambers, the measurement 
head was placed on the bottom of the chamber with the optical axis in vertical orientation. In the measurement of the 
weather chamber, it was fixed with the optical axis in horizontal orientation onto a stand placed outside the chamber. 

The solar UV irradiance measurements were made using Brewer #107 MkIII double monochromator 
spectrophotometer in Jokioinen, Fnland (lat. 60°44’N, lon. 23°30’E) [4]. 

RESULTS AND DISCUSSION  

 

 

FIGURE 2. Spatial distribution of UVB radiation in UV chamber with fluorescent tubes. 
 
Figure 1 shows a contour plot of the spatial distribution of UVB dose rate as computed from the measurements 

of spectral UV irradiance on the sample plane of the UV chamber equipped with fluorescent lamps. Significant 
spatial inhomogenities are readily seen in the radiative field, denoting non-uniform exposure of test material 
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samples. The inhomogenities are of the same order of magnitude than those reported earlier for the UV cabinet with 
mercury vapour lamps with a rotating sample plate [5]. However, in this type of chamber, the inhomogeneities have 
more severe implications since the sample plane is on a fixed position. Spatial distribution of the radiative field in 
the weather chamber was not measured since the geometry of the setup did not allow placing the foreoptics inside 
the chamber and varying its positioning therein. 

Figure 3 shows a graph comparing the spectral UV irradiances inside the three different chambers on the sample 
level. A solar UV spectrum measured at Jokioinen, Finland, on a summer day with a cloudless sky is also shown in 
comparison. The artificial UV ageing environments differ remarkably from each other and from the natural outdoor 
weathering circumstances under the Sun. The spectrum produced by the mercury vapour lamps exhibit the distinct 
mercury vapour lines as sharp peaks. Between the peaks, the output is remarkably low. The spectrum of the Xenon 
lamp follows reasonably well the shape of the solar UV spectrum on the shorter UV wavelengths up to approx. 330 
nm. On the longer UV wavelengths, however, the spectra depart. The spectrum output by the fluorescent lamps of 
the weather chamber also seems to follow the shape of the solar spectrum fairly well, though underestimating the 
level of exposure at the UVA wavelengths.  

 

FIGURE 3. Comparison of UV irradiance measured in the artificial weathering equipment and a solar UV spectrum measured by 
Brewer #107 spectrophotometer at Jokioinen, Finland, on a clear sky summer day. 

 
The radiative output of the Xenon lamp in the weather chamber was found to depend on the age of the lamp, the 

age of the filters surrounding the lamps, and the impurities deposited onto the outer filter during a weathering cycle 
of test materials. All these effects were found to strongly depend on wavelength. The effects of the ageing of the 
lamp and the impurities on the UV irradiance exposing the samples are shown in Fig. 4. Ageing of the lamps causes 
a change of approx. -30 % (at the shortest UV wavelengths) to +25 % (at the longest UV wavelengths) in the 
irradiance. This means that the ageing of the lamp causes softening of the radiation. The effect of the impurities is 
also more significant at the shortest (approx. -25 %) than at the longest wavelengths (approx. -15 %), but the effect 
is negative at all wavelengths. The effects are large enough to cause significant variability in the exposure of test 
materials [6], and should be therefore taken into account when analyzing the changes in the properties of the 
weathered material samples.  
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                        a)                                  b) 

FIGURE 4. Effect of a) lamp ageing and b) impurities deposited onto the surface of the outer filter during UV exposure of 
material samples in weather chamber Weather-Ometer Ci3000+. Blue and red lines giving irradiance (primary y-axis), green line 

giving the relative change in irradiance due to ageing / deposition of impurities (secondary y-axis). 

CONCLUSIONS 

.  Three different chambers used for accelerated ageing of materials were characterized for the spectral UV 
irradiance exposing material samples. The conditions were found to notably differ from each other and from the 
circumstances prevailing in natural outdoor weathering under the Sun. In particular, large differences in the spectral 
shape of the exposing radiation were found. In the weather chamber employing Xe lamp, the exposure was found to 
depend on the age of the lamp and on the impurities deposited onto the outer filter. The effects caused by the ageing 
of the lamp and the impurities were wavelength dependent. Significant inhomogeneities in the spatial distribution of 
the exposing UV radiation were detected as well. The findings of this study have important implications on the 
analysis of the degradation observed after accelerated weathering of materials and on the design of the artificial 
weathering tests. For the comparability of the laboratory tests to the natural outdoor weathering, characterization of 
the UV exposure in the accelerated weathering facilities are of vital importance. 

REFERENCES 

1. W. B. Nelson, Accelerated testing: Statistical models, test plans, and data analysis. John Wiley & Sons, 
Hoboken, NJ (2009). 

2. A. Andrady, Wavelength sensitivity in polymer photodegradation, Advances in Polymer Science, Polymer 
Analysis Polymer Physics, Springer, Berlin Heidelberg, pp. 47-94 (1997).   

3. T. Kübarsepp, T., P. Kärhä, F. Manoocheri, S. Nevas, L. Ylianttila and E. Ikonen, Spectral irradiance 
measurements of tungsten lamps with filter radiometers in the spectral range 290 nm to 900 nm. Metrologia 37, 
305-312 (2000). 

4. J. S. Mäkelä, K. Lakkala, T. Koskela, T. Karppinen, J. M. Karhu, V. Savastiouk, H. Suokanerva, J. Kaurola, A. 
Arola, A. V. Li ndfors, O. Meinander, G. de Leeuw and A. Heikkilä, Data flow of spectral UV measurements 
at Sodankylä and Jokioinen, Geosci. Instrum. Method. Data Syst. 5, 193-203 (2016).  

5. A. Heikkilä, P. Kärhä, A. Tanskanen, M. Kaunismaa, T. Koskela, J. Kaurola, T. Ture and S. Syrjälä, 
Characterizing a UV chamber with mercury lamps for assessment of comparability to natural UV conditions. 
Polymer Testing 28, 57-65 (2009).  

6. Ketola et al. 1996. In: Herling RJ (Ed.) Durability Testing of Nonmetallic Materials, Effects of Filter and 
Burner Aging on the Spectral Power Distribution of Xenon Arc Lamps. ASTM STP 1294, American Society 
for Testing and Materials, West Conshohocken (PA) (1996).  

110004-4

http://dx.doi.org/10.1088/0026-1394/37/4/7
http://dx.doi.org/10.5194/gi-5-193-2016
http://dx.doi.org/10.1016/j.polymertesting.2008.10.005



