Phosphor Converted Xenon Excimer Discharge Lamps in
Application — Chances and Challenges

’\\\ FH MUNSTER

University of Applied Sciences
\ ¥ PP

Mike Broxtermann*A, Anke Nietsch B, Christian Jung 8, and Thomas Jiistel A Iobescbat o bty SR
mail to: mike.b@fh-muenster.de or tj@fh-muenster.de
GEFORDERT VOM
A Research Group Tailored Optical Materials B German Aerospace Center ' d L
Miunster University of Applied Sciences Institute of Solar Research, Solar W S W % | Euurn;?§$lg|8terlum
Stegerwaldstrasse 39, D-48565 Steinfurt Chemical Engineering ratlorsd oMicdl Materidis Stiftung der Deutschen Wirtschaft und Forschung

Germany Linder Hohe, D-51147 Ko6ln, Germany Wir stiften. Chancen!

1. Phosphor converted Xe DBD lamps

Xenon excimer discharge lamps rely on the generation and the subsequent decomposition of Xe excimers in a
dielectrically hindered discharge, often called “dielectric barrier discharge” or “silent discharge”.l1 Xe Excimers
(compound of the words excited and dimer) emit electromagnetic radiation in the VUV region upon relaxation
from electronically and vibronically excited states into the unstable dissociative ground state. Xe excimer
emission consists of two emission bands peaking at 152 nm (1% continuum, dominant at lower pressure) and
172 nm (2" continuum, dominant at higher pressure).l? The implementation of energy conversion by applying
hv (172 nm) inorganic phosphors as a coating
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Fig. 1 Picture and schematic illustration of the set up of a phosphor converted Xe excimer discharge lamp.

2. Application in UV induced Disinfection
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Fig. 3 VUV excitation-, emission- and reflectance spectra of the UV-C emitting phosphors and YPO,:Pr, YPO,:Bi and " V _F._____‘/ :
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3. Application in Advanced Oxidation Processes (AOP)
Xenon DBD lamps with YPO,:Bi**/Pr3* were tested for the
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Fig 6: Comparison of the required radiant per volume of sulfamethoxazole solution for 20%, 70%

Fig 5: Degradation of sulfamethoxazole and intermediate products (measured as Degradation of sulfamethoxazole with the photooxidation process and 90 % TOC reduction via photolysis or photooxidation (*) using xenon DBD lamps with YPO,:Bi,

total organic carbon, TOC) during photolysis and photooxidation (*) using xenon ] ] . . YPO,:Pr in comparison to. a standard amalgam lamp; Q.4 is the radiant energy per volume of
DBD lamps with YPO,:Bi, YPO,:Pr in comparison to a standard amalgam lamp: 0, equires 10 times more radiant energy with amalgam lamps than processed agueous solution.

is the radiant energy per volume of processed aqueous solution. with YPO,:Bi3*/Pr3* lamps for reducing the TOC by only 70% (fig. 6).

4. A Crucial Quality Criterion: Device Lifetime

Most phosphor converted Xe excimer lamps suffer from a fast aging involving dramatic loss of output intensity within a few hundreds of hours of operation. An YPO,:Bi comprising lamp has lost
30% of its initial intensity after ~230 hours of operation (L70) as demonstrated by figure 5. It was figured out, that the lamp aging phenomenon is governed by aging of the applied phosphor.
Detailed analytical survey of phosphor samples recovered from aged Xe excimer lamps included: VUV-spectroscopy, temperature dependent photoluminescence Spectroscopy, PXRD, 31P-NMR, XPS

and EPR.
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Fig. 7 Left: UV-C output vs. run-time for a YPO,:Bi comprising Xe lamp; Right: Excitation, emission and reflectance spectra of
untreated and aged YPO,:Bi (after 700 hrs run-time). Fig. 8 lllustration of UV driven particle coating process [4].
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