
Fusion Engineering and Design 203 (2024) 114425

Available online 13 April 2024
0920-3796/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Monitoring of ozone production and depletion rates in a 
tritium-compatible system 
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A B S T R A C T   

As surfaces are exposed to tritium, they will inevitably accumulate it, leading to the tritium memory effect. In 
order to reduce this effect, e.g. in analytic systems, decontamination methods are required. UV/ozone decon-
tamination is known to be an efficient method, but its fundamental mechanism is not well known. In a dedicated 
UHV-compatible experiment, this method will be investigated systematically. This work focuses on the pressure 
dependent ozone production and depletion rates, as well as equilibrium concentration. All three properties 
showed a linear dependence on pressure, but showed a change in slope over time, converging to a stable level. 
During UV/ozone exposure, a steady increase in CO2 concentration was observed in early measurements. Both 
effects indicate a cleaning effect of the setup’s inner surfaces.   

1. Introduction 

Operating facilities with tritium creates the need for suitable 
decontamination strategies. This includes the reduction of tritium 
memory effects in analytic systems [1], tritium accounting [2], or 
decommissioning. The UV/ozone decontamination method is a known 
technique to remove a variety of contaminants from surfaces [3], that is 
also applicable to tritiated surfaces [4]. Aker et al. [5] tested multiple 
in-situ decontamination methods, e.g. baking out and evacuating, of the 
rear wall, a surface inside the KATRIN experiment’s tritium source prone 
to tritium accumulation [6]. Its surface activity was continuously 
monitored via beta-induced X-ray spectrometry [7]. The decontamina-
tion with UV/ozone proved to be the most efficient method [5], how-
ever, the fundamental processes leading to its decontamination effect 
are not sufficiently understood. 

To gain a better understanding of the UV/ozone decontamination 
and to optimize its application to tritium containing systems, the tech-
nique will be investigated systematically in a dedicated experiment. 
Within this work, the pressure dependent ozone production and deple-
tion rates, as well as its equilibrium concentration will be investigated 
using spectroscopic methods. 

2. The UV/Ozone (UVO) experiment 

The UVO experiment was set up to investigate the underlying 
mechanism leading to the decontamination efficiency of the UV/ozone 
cleaning method. Emphasis is placed on the identification of substances 
in the gas phase originating from surface-bound species. 

Fig. 1 shows a schematic of the experiment. The vacuum system 
consists of a DN 40 CF double cross-piece that serves as the sample cell, a 
secondary vessel for introducing substances, e.g. for calibration pur-
poses, a gas inlet and a pump port. For ozone production, a miniZ Hg-UV 
lamp by RBD Instruments, with distinct emission lines at e.g. 185 and 
253 nm, is used. Due to its large spectral range and the ability to detect 
and quantify many gaseous substances via absorption spectroscopy, a 
Bruker Tensor 27 FTIR-spectrometer serves the purpose to analyse the 
gas composition within the cell, using a rolling circle filter baseline 
correction as described in [8–10]. The gas species are quantified by 
including absorption cross sections taken from the HITRAN database 
[11]. 

Additionally, a Broadcom Qwave UV grating spectrometer connected 
through an optical fiber monitors the UV source. Along the sample cell, 
with increasing distance from the UV source, three type K thermocou-
ples are installed on the outside surface to measure the temperature 
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gradient produced by the source. A 1000 Torr full scale capacitance 
diaphragm pressure gauge measures the pressure inside the sample cell. 

3. Pressure dependence of ozone production and destruction 
timescale, and equilibrium concentration 

The experimental setup was put into service by investigating ozone 
itself, as it appears to be a fundamental component for decontamination. 
To produce ozone, the previously evacuated sample cell is filled with 
synthetic air, in this case, a mixture of 20.5 % O2 in N2 to have a 
reproducible starting point. As an example, Fig. 2. shows a typical 
measurement cycle. The ozone concentration, as measured via its ab-
sorption band centered around 1043 cm− 1, is shown in blue, while the 
intensity of the 253 nm UV radiation from the source is shown in orange. 
As soon as the UV source is switched on, ozone is generated due to 
photodissociation of molecular oxygen caused by the 185 nm emission 
line, with subsequent recombination. Its production can best be 
described by a sum of two exponential functions, of which one accounts 
for the increase in source intensity during warm-up. The warm-up 
behaviour of the UV source is revealed by the green curve in Fig. 2., 
displaying the intensity of a faint emission line at 365 nm, which is not 
absorbed by molecular oxygen, nor ozone. At some point, the ozone 
concentration shows a stable equilibrium level. When the UV source is 
switched off, the ozone decays in a simple exponential manner. From 

such a measurement, one can extract the production and decay times, 
defined in this work as the time after which the ozone concentration 
reaches 1 − 1/e, or 1/e of the equilibrium, respectively. During opera-
tion, the measured intensity of the 253 nm source emission line de-
creases significantly after its warm-up, until it stabilises. This feature can 
be observed due to the fact that ozone absorbs UV wavelengths around 
253 nm via photodissociation. At a pressure of 1 bar, transmissions 
lower than 6 % with an absorption path length of around 13 cm can be 
measured. However, this can be exploited to have an additional, inde-
pendent measurement technique to monitor ozone production and 
equilibrium levels. 

Ozone production and depletion, as shown in Fig. 2. were measured 
multiple times without exchanging the gas. Similar measurements were 
performed at pressures ranging from 100 to 1000 mbar in 100 mbar 
steps and the respective production and depletion times of ozone were 
extracted by fitting. The result is shown in Fig. 3., which at pressures 
above 200 mbar shows linear behaviour both in ozone production (or-
ange) and decay (blue) times. The production time increases from about 
3.5 minutes at the lowest pressure of 100 mbar to roughly 9.5 minutes at 
the highest pressure of 1000 mbar, while the depletion time increases 
from about 2.5 minutes to about 17 minutes. 

The amount of ozone in equilibrium, as shown in Fig. 4., also de-
pends linearly on pressure, with the highest level of around 0.43 mbar 
partial pressure at about 1000 mbar (approx. 425 ppm) and 0.02 mbar at 
about 100 mbar (approx. 175 ppm). It has to be emphasised, that the 
data shown in Figs. 3 and 4. were taken after 9 months of ozone mea-
surements and without contact between inner surfaces and ambient air. 
The very first measurements showed a significantly different slope 
compared to the final data, e.g. decay times of around 27 minutes at a 
pressure of 1000 mbar were obtained. With each subsequent ozone 
measurement, the pressure dependent slopes of production and deple-
tion rates of ozone converged gradually to a reproducible value. 

Similarly, while performing the measurements as shown in Fig. 3, a 
steady increase in CO2 concentration while the UV source was switched 
on and ozone was produced could be observed in early data sets. To 
investigate this, a dedicated measurement with continuous UV illumi-
nation was taken. The result is shown in Fig. 5 and confirms the initial 
observation. In the course of 20 hours, over 200 ppm of CO2 were 
produced. 

The production rate gradually decreased over time after each suc-
cessive UV/ozone measurement. Interestingly, no CO could be observed. 

4. Discussion 

The measured ozone lifetime of 17 min at pressures of 1 bar differs 
significantly from the lifetimes obtained from experiments, in which 
ozone-ozone interactions are investigated. In a 40 L plexiglass cylinder, 

Fig. 1. The UVO experiment, showing the central process chamber and how it 
is connected to the analytic systems (UV source and spectrometer, IR spec-
trometer) and the process gas system (pumping, gas supply, pressure sensors). 
Not shown in the picture are additional temperature sensors to monitor the 
temperature at several positions of the system and the laboratory environment. 

Fig. 2. Fundamental behaviour and interplay of ozone (blue), and the intensity 
of the 253 nm (orange) and 365 nm (green) UV radiation. 

Fig. 3. Pressure dependence of ozone production (orange) and decay 
(blue) times. 
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ozone half-life times of 1524 minutes at comparable conditions were 
reported [12]. This indicates that primarily ozone-surface interactions 
are responsible for its depletion, hence, ozone lifetimes are strongly 
dependent on the geometry, especially the surface-to-volume ratio, of 
the vessel containing the ozone. Due to the large absorption of UV ra-
diation by dioxygen and ozone, the location of the UV source might also 
have an effect on the decontamination efficiency. Both the gradual 
change in pressure dependence of the ozone properties, as well as the 
production of CO2 during simultaneous UV illumination and ozone 
exposure indicates a change, or rather cleaning effect of the experi-
ment’s inner surfaces, since the amount of carbon in the gas phase at the 
start of each individual measurement is negligible. It has to be pointed 
out, that the vacuum components of the setup were not baked out and 
were exposed to ambient laboratory air for some months prior to usage. 
Hence, potential surface bound hydrocarbons, as well as the stainless 
steel itself, could act as a carbon source for the formation of CO2. 

It would be worthwhile to test whether a UV/ozone treatment prior 
to commissioning is a viable in-situ conditioning method for tritium 
containing systems. If the carbon can be removed efficiently, the initial 
formation of larger amounts of tritiated hydrocarbons, e.g. tritiated 
methane, could be prevented. 

5. Conclusion and outlook 

The UVO experiment was planned and set up to research the 
fundamental mechanisms behind the UV/ozone decontamination 
method in order to optimise its application to tritium containing facil-
ities, e.g. to reduce memory effects. As the first objective, in-situ ozone 
production and depletion rates, as well as the equilibrium concentration 
were studied at different pressures. In all three properties, a linear 
pressure dependence was measured. Together with the observed initial 
formation of CO2 during simultaneous UV illumination and ozone 

exposure, this hints towards ozone-surface interactions being a domi-
nant effect. Hence, a UV/ozone cleaning might potentially be applied to 
new tritium carrying systems to deplete their carbon reservoirs before 
operation. 

The impact of UV/ozone exposure on deuterated surfaces will be 
investigated next, in order to gain knowledge about the chemical form, 
in which deuterium is released from the surface. Finally, the measure-
ments will be extended to also include tritium. 
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