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Abstract— lon chambers are often employed to measure the concentration of tritium within
flowing gases. In real world environments the active surfaces of ion chambers become covered
with tritiated surface contaminants. This tritiated surface contamination often creates a large
background response that can mask the signature of interest, which is the tritium concentration in
the gas phase. Previous efforts to reduce the effects of surface contamination in ion chambers
utilize inert coatings (e.g., gold) and low surface area electrodes (e.g., wire mesh).  These
strategies only reduce the effect and do not provide information regarding the ratio of the current
from the contaminated surface to the current from the volume of the detector. Additionally, gold
coating is expensive, substantially increasing the cost of the instrument. While ion chambers may
be periodically cleaned, this recurring hands-on task does not adequately address tritium level
ambiguities in gloveboxes and increases the risk of detector damage and worker exposure. An
ideal solution to this issue would be to either develop an ion chamber that does not accrue surface
contamination, or one that is self-cleaning while it is in operation. In this report we describe the
development of using ultraviolet (UV) LED light illumination to desorb contamination from ion
chambers while they are in operation, preventing the negative effects of surface contamination.

Index Terms— Decontamination, ion chambers, UV light, radiation detectors, tritium.

1. Introduction

Radiation detectors often suffer from “memory effects” upon repetitive uses in industrial settings.
Memory effects means that the radioactive material may interact in some way with, and be retained
by, the detector. The detector may respond to radioactive material that is retained on the detector,
thus providing a response even though the air currently being monitored contains no radioactive
materials. As a result, the detector "remembers" the radiation response measured in the previous
air measurement [1]. While any radiation detector may experience memory effects due to surface
contamination, the following detectors are most prone to experience such effects: (1) Gaseous
ionization detectors (ion chambers, proportional counters, Geiger counters) [2, 3]; (2) Scintillation
detectors, both organic and inorganic [4, 5]; and (3) Beta induced X-ray spectrometry (BIXS) [6].
Non-radioactive surface contamination from water and absorbed species can also negatively affect
radiation detectors. For example, stray current can leak across the surfaces of insulators that are
covered with non-radioactive contamination, leading to higher background signals in gaseous
ionization detectors [7]. Thus, there is a need of improving the performance of radiation detectors
by eliminating or reducing memory effects through removal of both non-radioactive and
radioactive contamination from detector surfaces while in operation.



Ion chambers are often employed to measure the concentration of tritium within flowing gases and
glovebox atmospheres. The basic concept is straightforward: trittum decay ionizes background gas
molecules, and these ionized molecules produce a current within an applied electric field. This
ionic current is measured providing an electrical readout of the tritium concentration. However,
during operation, the active surfaces of ion chambers may become covered with surface
contamination that can retain tritium. This tritiated surface contamination will contribute to the
measured current of the ion chamber, creating a large background response that can obscure
measurement of the actual tritium concentration in the gas phase. This memory effect is especially
problematic for the detection of tritium due to the isotopic exchange between tritium in the volume
with surface species that contain hydrogen (protons or deuterons).

Previous efforts to reduce the effects of surface contamination in ion chambers utilize low surface
area electrodes (e.g., wire mesh) [8], but this route only reduces the effect and does not necessarily
provides accurate information regarding the ratio of the current from the contaminated surface to
the current from the volume of the detector. That is, ambiguity between signals from the surface
species and the gas phase species will remain, especially in dynamic systems. Alternatively, ion
chambers may be periodically cleaned. However, periodic cleaning does not address tritium level
ambiguities in gloveboxes and increases the risk of detector damage and worker exposure. An
ideal solution to this issue would be to either develop an ion chamber that does not accrue surface
contamination, or one that is self-cleaning while it is in operation.

In this report we investigate ultraviolet (UV) LED light illumination to desorb contamination from
ion chambers while they are in operation, preventing the appearance of the negative effects of
surface contamination. The concept is based on studies showing that UV light illumination can
been used to remove surface contamination and create atomically clean metal surfaces for
devices.[9, 10] The concept also benefits from the rapid improvement in LED technology over the
past several years that affords low cost, robust, long-lasting, and powerful light sources that can
stimulate desorption.

2. Proof-of-Concept Testing

2.1. Experimental Methods

Initial testing of in situ photo-cleaning employed an existing gold coated “bird cage” style of ion
chamber and an ion chamber calibration manifold. The calibration manifold includes a quartz
window for illuminating the ion chamber externally from the side (Fig. 1). Additionally, a test
stand was assembled to support the vessel that contains the ion chamber and to hold a spot curing
UV LED system (ThorLabs). The LED central wavelength is A = 365 nm, which outputs a
maximum power of 135 mW/cm? at the focus. However, the power delivered in this setup is
significantly less since the ion chamber is placed at large distance from the focus in order to obtain
an even spread of light illumination across its surface as possible. UV illumination of the lower
insulators can be seen in Fig 1c, showing the beam’s divergence. It is also important to note that a
single LED illuminating from the side is not expected to be optimal for decontamination but is
sufficient to demonstrate the proof-of-concept.

The basic test procedure consists of exposing the manifold to trace levels of tritium within a
nitrogen background at 1 atm for thirty minutes. Afterward, the tritium source is closed, and the
manifold is purged. The purge gas consists of atmospheric air at 1 atm that is pulled in by a vacuum



pump from the laboratory. A rotameter was used to set a flowrate of 10 CFH (~4.7 Ipm). The
exposure conditions are listed in the Appendix. The manifold contains both a reference ion
chamber and a birdcage ion chamber. The reference ion chamber has a volume of 0.99 L, and the
birdcage ion chamber has a volume of 3.2 L. The background current for these ion chambers prior
to tritium exposure is typically around 107'* A and is limited by leakage current.

Fig. 1. Photographs of the ion chamber test stand: (a) the tee-shaped vessel and the handheld UV

system mounts, (b) the gold coated ion chamber inside test vessel; and (c) the ion chamber under
UV LED illumination

The birdcage ion chamber is either left in the dark or illuminated by the UV LED as shown in Fig.
1 for dark and UV experiments, respectively. The UV light is turned on at the beginning of the
purge, as described in Table I in the Appendix, and turned off at the completion of each test. The
reference ion chamber is based on a spherical design and remains in the dark for all experiments.
It is important to note that ion chamber structure (e.g., “bird cage” versus spherical) plays a large
role in its response [11]. However, the reference ion chamber provides an additional control that
can account for experimental variability. Due to the experimental process and setup, “Dark”
experiments must be run on separate days than “UV” experiments. The ambient conditions
typically change daily, and therefore, the comparison against the reference for the both the “Dark™
and “UV” experiments allows for control against these variations. These conditions are
representative of ‘real’ environments and experimental settings. The radiation induced currents for
both ion chambers are monitored during the purge procedure by a picoammeter (Keithley 6517B).
The relatively low level of light illumination used in the UV experiments did not induce a
noticeable response in the picoammeter.

Eleven tests were conducted in which the ion chamber was exposed to tritium and subsequently
purged. Tests 1 — 4 involved preliminary scoping experiments to test the procedure and manifold.
Test 5 and beyond were designed for data collection, and the results are discussed below. The test
run labels are based on internal usage, showing the sequencing of the tests. The experimental
variation between these tests is due to the variability of the ambient conditions occurring on
different days. These conditions can be found in the Appendix. Finally, it is worthwhile to note
that the observed operational range in these experimental runs is set by the amount of surface
contamination that is built up by exposure to tritiated gas, which is determined by the initial activity
within the monitor, the duration of the exposure and the detector temperature. In these cases,
surface contamination did not exceed greater than two decades above background.



2.2. Results and Discussion

The results of the experiments are presented in Fig. 2, which plots the ion chamber (IC) current
versus time during the purge procedure for both the UV and dark experiments. The overall
magnitude and change in the IC current versus time depends on a number of variables including
temperature, humidity, previous history, and minor adjustments at the start of each test (see Table
in the Appendix). Thus, there are experimental variations which contribute to IC current magnitude
and how quickly it approaches background in addition to that of UV LED illumination. However,
the UV illuminated purges exhibit a noticeably faster recovery to baseline, except for Test 6, which
may have been affected by a buildup of contamination from the previous five dark experiments.
Test 6 may appear as an outlier at first glance, but this is because this run is expected to have the
highest level of initial surface contamination of these experiments. Thus, the higher IC current
measured is likely the result of more tritium outgassing from the surfaces. Similar behavior has
been observed in the UV removal of water from surfaces during vacuum pumping [12].
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Fig. 2. lon chamber (IC) current versus time during the purging experiments (a) under UV LED
illumination and (b) in the dark. The asterisks denote the apparent inflection point in behavior.

In all of the plots, the change in the IC current appears to have two different regions: an initial
decay region and a second decay region, with a slightly variable transition between them. We
postulate that the tritium in the gas phase dominates the signal in the initial decay region as tritium
is purged and physiosorbed tritium is desorbed from surfaces throughout the manifold, including
the ion chamber. The tritium contamination on the ion chamber surface will have a larger effect in
the second decay region. For the dark experiments, the decay in the second region is notably much
slower, which is also observed by a characteristic inflection point, or kink, in the plots. This feature
is clearly observed in all of the dark experiments, but only subtly in the UV experiments. It is also
observed in dark tests that preceded the UV experiment (Fig. 3), and thus, is specific to the dark
experiments and not the UV.

The behavior seen in the IC current during these experiments is similar to ion chamber current
signals collected during tritium glovebox stripping experiments described by Klein and Wermer
[13]. They observed a sharp inflection after the initial tritium stripping activity was completed and



the glove box activity became governed by the rate of outgassing of components. Further, they
found that the glovebox tritium concentration initially decreased rapidly but began to plateau or
“hang,” which they hypothesized occurred when the tritium sequestration rate became roughly
equal to the tritium outgassing rate. In the experiments presented here, fresh air is continuously
pulled in and the effluent is vented to stack, and therefore, it can be assumed that the rate limitations
after the inflection point is driven primarily by tritium outgassing. Thus, by separately analyzing
the dynamics of the two regions, before and after the inflection point, one can obtain direct
comparison for the cases when (1) the ion chamber current is primarily determined by the manifold
purge rate and (2) the ion chamber current is determined by the outgassing rate.
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Fig. 3. IC current versus time during the purging experiments showing the distinctive inflection
point for representative dark and UV experiments. The dashed and dotted lines are guides for the
eye to help visualize the inflection points.

In order to quantitatively compare the results from the experiments, the different data sets were fit
to an exponential decay equation.: /(f) = A Exp[-t/zu] + lo, where 7, is the corresponding decay
constant, 4 is a constant related to the initial current, and /o corresponds with the baseline current.
The Reference IC current was fit to a single exponential decay with z.r as the decay constant. The
birdcage IC current was fit to two different exponential decays, one covering the first region and
the other covering the second, lower current region. The exponential time constants for these two
different regions are 71 and 12, respectively. The fitting results are presented in the Table I in the
Appendix.

The experimental variation between each run can be minimized by comparing the different time
constants within each test run. Fig. 4a plots 72/71 and demonstrates that the time constants 7; and
72 are more similar for the UV tests than for the dark tests. This can be seen by visual inspection
of Fig. 3 where there is a noticeable transition for the dark and not UV. Fig. 4b compares 71/zrf
and shows that the initial decay region is generally faster for the UV tests and improves with
increasing UV exposure. Note that Test 6 had a 700s delay before the UV light was turned on. The
dark experiments fluctuate around the same value. Fig. 4c compares 7/7er and demonstrates that
the second decay region, when normalized by trr, is always faster for the UV tests. Again, the dark



experiments fluctuate around the same value, while improvement is observed for increasing UV
exposure cycles. The second decay region is expected to be more sensitive to surface
contamination of the IC. Ultimately, the results show that UV LED illumination appears to change
the dynamics of Region 2 such that they are similar to Region 1, which suggests that the rate
limiting step becomes purge related, and not outgassing related, for both regions. It is also worth
noting that the transition between Regions 1 and 2 also occurs at higher IC currents, which is
consistent with increased outgassing throughout and is similar to behavior seen in UV assisted
desorption for vacuum pumping [12].
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Fig. 4. Comparisons between the different decay constants for the different tests: (a) plots the
second decay region normalized by the first decay region, t2/t;, for each run; (b) plots the first
region normalized by the reference IC, t,/tre;, for each run; (c) plots the second decay region
normalized by the reference IC, t2/trf, for each run. The error bars in the figure reflect the
statistical error from the curve fits.

The results described above are promising and show that a single UV LED mounted on the outside
of a test assembly can stimulate faster “memory” recovery and a lower baseline for a bird cage ion
chamber. The observed effects are attributed to the photo-effects of UV illumination, as the
relatively low level of illumination does not generate any appreciable thermal effects. Such photo-
effects may include photocatalytic isotope exchange or photo-stimulated desorption. Elucidating
the primary mechanisms observed here is part of ongoing research. Regardless of the mechanism,
these results establish the proof-of-concept of a photo-cleaned ion chamber.

3. Prototype LED-integrated Ion chamber

3.1 Construction

The promising results described in Section 2 were followed by the construction and assembly of
prototype ion chambers with integrated LEDs that can enable in situ photo-decontamination of the
surface. The design of the ion chambers is based on the original bird cage design illustrated above.
However, one notable change is that the ion chambers will use uncoated stainless-steel surfaces
instead of gold coated ones. Gold coating adds a significant cost to the ion chamber construction,
and demonstrating the ability to photo-clean stainless-steel ion chambers using LEDs would
represent a large cost savings by reducing the reliance on gold coatings to achieve low backgrounds
and reduce the memory effect of surface contamination.
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Fig. 5. CAD cross-section of ion chamber inside testing vessel.

The ion chamber design was modified to accept LED light integration. In this case, 6 LEDs with
center wavelengths of 365 nm are mounted on the outer plates of the ion chambers. Each plate
holds three LEDs in place at 120° intervals, with the opposing plate offset by 60° to ensure uniform
coverage on the electrode mesh (Fig. 5). Each LED is capable of outputs of 810 mW at a minimum
with a viewing angle of 130°. A final prototype assembly is shown in Fig. 6

Fig. 6. Photographs of the prototype LED integrated ion chamber during assembly and at
completion

3.2 Tritium Testing

The tritium testing of the prototype followed the same test procedure used for the proof-of-concept,
described in Section 2 above. The basic procedure involves exposing the ion chamber to a
recirculating trittum/nitrogen gas mixture, followed by purging using room air pulled through a
vacuum pump at a rate of 10 CFH (~4.7 Ipm) and out the stack to create constant air flow while
maintaining pressure slightly below ambient. Seven purging tests were performed. The first purge
(Test I) was done under UV illumination, followed by three dark tests (Tests II - IV) and three UV



tests (Test V — VII). Background measurements were also taken with UV LEDs both on and off to
observe any effects on the steady-state current of the ion chamber, and none were observed.

The data for Tests I - VII are presented in Fig. 7. The results are similar to those of the proof-of-
concept testing. The dark experiments have similar or increasing background currents for
increasing test cycles. In comparison, each UV exposure cycle reduces the background current,
eventually to where the background disappears. Additionally, the initial UV experiments reach
background faster than the dark experiments, and the UV experiments also achieve a lower base
current than the dark experiments. A notable difference between these experiments and the proof-
of-concept experiments (gold coated) is that these demonstrate the effectiveness of UV LED light
for the in-situ decontamination of stainless-steel surfaces.
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Fig. 7. Plot of ion chamber current versus time during purging experiments for the (a) dark and
(b) UV LED experiments. (c) Direct comparison between selected dark and UV experiments

4. Conclusions

This report describes the successful development of the concept of LED-cleaned backgroundless
ion chambers. The construction and tritium testing of a working prototype demonstrated that UV
LED integration can be used to promote in situ decontamination of a stainless-steel ion chamber
while in operation. The results showed stainless steel surfaces illuminated by UV LEDs are
decontaminated faster than non-illuminated stainless-steel surfaces. It was also demonstrated that
the light illumination reduced the accumulation of ion chamber background signal after exposure
to tritium. Thus, the LED integrated system functions as a backgroundless ion chamber. This is
the first reported demonstration of this technology concept.

In addition to the many benefits of a backgroundless ion chamber, these results are also notable
because it represents a large potential cost saving by negating the need for gold coatings, and it
also suggests that LEDs can be employed to facilitate the detritiation of other stainless-steel
surfaces and other radiation detector concepts. Finally, it is worthwhile to note that ion chambers
with low surface areas and gold coatings may be decontaminated very rapidly [14]. However, the
LED approach described here is advantageous when gold coatings are cost prohibitive and in cases
where dry air purging is not feasible. Even in cases where purging is possible, our results
demonstrate that UV LED illumination prevents background build-up and increases the rate of
decontamination while purging, and therefore, can reduce both the number of occurrences and the
time a detector must be taken offline.
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Appendix

Table 1
Experimental conditions and decay constants obtained through fitting for Proof-of-concept testing
Test LED  Humidity Tref T1 T2 T2/ T1 T1 [Tres T2 [Tres
Status (%) (min-") (min-") (min-1)
6 On, 46.1 1.21+£0.01 234+02 299+0.1 128+0.01 19.2+0.3 24.6+0.3
t="700s
7 On, 52.3 0.73+0.05 8.8+0.2 11.9+0.1 1.35+0.03 12.0 £ 0.8 16+1
t=0s
8 On, 55.5 1.0+ 0.1 11.1+02 139+0.1 1.25+0.03 11+0.01 14+1
t=0s
9 Off 57.5 0.89+0.03 14.6+0.2 23.1+0.1 1.58+0.03 16.6 £ 0.5 26.2+0.8
10 Off 55.2 0.72+0.03 104+03 18.1+0.1 1.73+0.04 144=+0.7 25+1
11 Off 52.2 0.72+0.01 11.3+0.1 189+0.1 1.67+0.02 157+03 26.2+04
Table 11
Proof-Of-Concept lon Chamber (3.2L) Radiation Measurement Data
Test Background Tritium Temperature Initial Current*  Ending Current
(A) Exposure °O) (A) (A)
(mCi/m®)
5 2.95E-13 518 26.65 2.95E-10 4.67E-14
6 1.01E-13 516 25.67 4.57E-10 1.10E-13
7 9.45E-14 516 25.91 4.74E-10 1.88E-14
8 7.37E-14 515 25.40 4.74E-10 1.54E-14
9 6.29E-14 513 24.22 4.74E-10 5.28E-14
10 6.02E-14 512 24.09 4.69E-10 2.37E-14
11 6.49E-14 510 22.67 4.80E-10 1.29E-14

*Note the ion chamber currents reported in the table and throughout are values during purging.
Therefore, the initial current measurement is related to the tritium activity, in both the atmosphere
and in surface contamination, some time after the ion chamber was exposed to the tritium
load/exposure conditions listed in the table.



Table 111
LED-Integrated lon Chamber (3.2L) Radiation Measurement Data

Test  Background Tritium Temperature Initial Ending
(A) Exposure (°O) Current* Current
(mCi/m®) (A) (A)

I 1.26E-11 472 20.75 1.94E-10 4.86E-11
11 1.54E-11 471 20.57 1.27E-10 5.93E-11
111 9.48E-12 469 19.29 9.62E-11 4.72E-11
v 4.48E-12 469 19.37 1.45E-10 4.31E-11
\4 1.22E-11 470 19.50 1.32E-10 2.76E-11
VI 2.15E-11 470 19.59 6.02E-11 3.61E-11
VI 9.87E-12 470 19.66 4.25E-11 2.53E-11

*Note the ion chamber currents reported in the table and throughout are values during purging.
Therefore, the initial current measurement is related to the tritium activity, in both the atmosphere
and in surface contamination, some time after the ion chamber was exposed to the tritium
load/exposure conditions listed in the table.
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