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ABSTRACT

A design for a tritium decontamination workstation based on plasma cleaning is presented. The
activity of tritiatred surfaces are significantly reduced through plasma-surface interactions within
the workstation. Such a workstation in a tritium environment can routinely be used to
decontaminate tritiated tools and components. The main advantage of such a station is the lack of
low level tritiated liquid waste. Gaseous tritiated species are the waste products which can with
present technology be separated and contained.
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EXECUTIVE SUMMARY

Decontamination of tritiated surfaces is essential in order to reduce personnel exposure,
reuse and repair specialized equipment and reduce the level of tritiated waste sent into the
environment. Presently, a combination of washing, purging, thermal desorption and isotopic
exchange are the most commonly used methods for decontamination of tritiated surfaces. These
approaches have drawbacks. Washing produces large amounts of lew specific waste water. High
temperature desorption is not always possible. A cleaning method which generates gaseous tritiated
products is preferred because there exist technologies to directly separate and contain these gaseous
products. This type of technique would be inherently less hazardous and generate less waste.
Cleaning tritiated surfaces by exposure to a plasma offers such a solution.

Plasma cleaning has been tested by the Tritium Technology Group at Research Division on
tritiated stainless steel coupons, VCR components, tools and uranium shipping containers. The
surface activity of a contaminated stainless steel disc was reduced by a factor of 250 to background
levels. Tools contaminated through usage in the Tritium Laboratory had their surface activity
reduced by factors of >10 by short exposures to the plasma. Uranium shipping containers used by
the Tritium Removal Facility at Darlington NGS to ship tritium to light manufacturers have
undergone a series of tests using the plasma technique. Surface activities on the shipping containers
have been reduced by factors of > 100.

In this report a design for a tritium decontamination workstation based on the plasma
cleaning process is presented. The station consists of four major elements: i) the gas source, ii) the
pumping system, iii) the plasma generating system and lastly, the reaction volume. The basic
working principle is as follows: the working gas is introduced into the reaction volume. Within the
reaction volume the gas undergoes ionization to become the plasma. The plasma interacts with the
tritiated surfaces of the objects within the volume. The tritiated species evolved as a result
of the plasma-surface interaction is exhausted from the system by the pumps.
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DESIGN OF A TRITIUM DECONTAMINATION WORKSTATION BASED ON PLASMA
CLEANING

1.0 INTRODUCTION

Decontamination of tritiated surfaces is essential in order to reduce personnel exposure,
reuse and repair specialized equipment and reduce the level of tritiated waste sent into the
environment. Presently, a combination of washing, purging, thermal desorption and isotopic
exchange are the most commonly used methods for decontamination of tritiated surfaces1. These
approaches have drawbacks. Washing produces large amounts of low specific waste water. High
temperature desorption is not always possible. A cleaning method which generates gaseous tritiated
products is preferred because there exist technologies to directly separate and contain these gaseous
products. This type of technique would be inherently less hazardous and generate less waste.
Cleaning tritiated surfaces by exposure to a plasma offers such a solution.

Plasmas have been used for many years to modify surfaces. The semiconductor industry
makes use of plasmas to etch and deposit material on surfaces2. Experimenters in the magnetic
fusion and high energy physics fields use plasmas to clean vacuum vessels3.

The first quantitative work on the reduction of outgassing from stainless steel surfaces by
glow discharges was performed by Govier and McCracken4. They examined the reduction in the
outgassing rates of H2O, CO and CO2 from stainless steel surfaces by exposure to DC glow
discharges of different gases (He, Ar, Ne and D2). Govier and McCracken observed that the inert
gases were equally effective at reducing the H26 outgassing rate for certain discharge conditions.
The total ion dose to the surface was the important parameter. Ion doses of ~1018 ions/cm2 were
required. A D2 glow discharge did not reduce the water outgassing rate, but changed the major
outgassing species from H2O to D2O.

In the H2 discharge cleaning of stainless steel vessels it was observed that the production of
H2O during the discharge was strongly surface temperature dependent3. The rate limiting step for
the production of H2O appeared to be hydrogen diffusion through the surface oxide layer. Surface
analysis of the stainless steel after exposure to an H2 glow discharge showed a partial reduction in
the oxide layer. Fe2O3 and FeO were reduced to metallic Fe; whereas, Cr2O3 was stable under the
low-energy hydrogen exposure. H2 glow discharges were observed to promote the chemical
reduction of the oxide; sputtering by hydrogen was not an important process.
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Itoh and Ishikawa^ removed up to -16 monolayers of H2O using an argon glow discharge
on degreased 304 SS vacuum vessel walls. A desorption yield of 0.012 HoO molecules/ion was
extracted from the data.

Lambert and Comrie6 effectively used an O2 glow discharge to remove hydrocarbon
contamination from their ultra high vacuum chamber walls.

A plasma based decontamination work station is proposed. A conceptual design of such a
work station is presented in this report

2.0 OPERATING PRINCIPLES

Figure 1 presents the conceptual view of the work station. The station consists of four major
elements: i) the gas source, ii) the pumping system, iii) the plasma generating system and lastly, the
reaction volume. The basic working principle is as follows: the working gas is introduced into the
reaction volume. Within the reaction volume the gas undergoes ionization to become the plasma.
The plasma interacts with the tritiated surfaces of the objects within the volume. The tritiated
species evolved as a result of the plasma-surface interaction is exhausted from the system by the
pumps.

The sections that follow present the nature of the cleaning process and the design details of
the various elements of the workstation.

2.1 Physics of the Cleaning Process

A radio frequency (RF) current flowing through a helically wound copper coil as indicated
in Figures 1 and 5 generates the plasma. The current supplied by the RF generator induces an
electromagnetic (EM) field within the reaction volume. The EM field excites the electrons of the
gas atoms and/or molecules. If the excitation is large enough, ionizations result. When the
ionization processes exceed the recombinative processes a steady state plasma results. The type of
plasma created is commonly referred to as a glow discharge. Glow discharges are by nature cold
plasmas; that is, the ions are normally near room temperature while the electrons have temperatures
of the order of a few tens of electron volts (1 electron volt = 11,600 K).

A plasma can not maintain its properties when it comes in contact with a physical wall. A
transition zone referred to as a sheath develops which separates the plasma from the physical wall2.
Within this sheath the plasma conditions change to accomodate the boundary conditions imposed by
the physical wall. Ions from the bulk plasma are accelerated within this sheath. These energetic
ions strike the surface. Excitation of the adsorbed tritiated species by the bombarding ions leads to
the desorption or sputtering of the tritium, thereby, cleaning the surface. Section 4 presents
experimental results obtained at Ontario Hydro's Research Division using this technique.

3.0 SYSTEM DESIGN

The Plasma Decontamination Workstation (PDW) consists of four major elements: i) the gas
source, ii) the pumping system, iii) the plasma generating system and iv) the reaction volume.
Figure 1 is a schematic of the actual system illustrating how the major components are
interconnected. Figures 2 to 5 are schematics of each of these subsystems. The sections that follow
elaborate on these subsystems. Appendix A provides a list of suggested suppliers of equipment.
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3.1 Gasgvstem

The general purpose of the gas system schematically represented in figure 2 will be to
provide a constant pressure in the reaction chamber by adjusting the mass flowrate. The pressures
in the reaction chamber will be monitored by two capacitance manometers. The two manometers
will be required to cover the pressure range of 0.13 to 1 .Ox 105 Pa. A mass flow regulator will
provide the appropriate gas throughput The mass flow regulator and capacitance manometers will
be electrically connected to a pressure and flow controller. The pressure and flow controller will act
to provide die appropriate feedback to the mass flow regulator by tracking the pressure P2. Valve
VI is a positive shut off valve, pneumatically operated, which acts to isolate the working system
from the gas source. The gas supply is provided by the user. The working gas, typically argon,
must be provided at atmospheric pressure. Valve V2 is a positive shut off valve, pneumatically
operated, used to evacuated the volume between the mass flow regulator and the gas source. This
volume requires evacuation when a new gas source is attached.

The gas line is expected to be constructed of 316 stainless steel. The gas source is attached
at valve VI, see figure 2. Ail fittings are recommend to be 304 or 316 stainless steel Swagelck
fittings. Swagelok™ fittings for 1/4 in.cji tubing are recommended . The valves should be air-
actuated positive shut off valves. The mass flow regulator should be able to regulate the mass flow
in die range of 15 to 150 seem. Two capacitance manometers are required. One medium accuracy
manometer should cover the pressure range from atmospheric (lOlkPa) to lOPa. The other
manometer should be a high accuracy manometer with a pressure range of 0.013 to 1.3 kPa. Both
capacitance manometers and flow regulators should have electrical outputs, or computer interfaces
which will allow them to be used in conjuction with a pressure and flow controller. The pressure
and flow controller will be used to monitor the pressure and regulate the mass flow rate. The
capacitance manometers should come equipped with 4VCR male, vacuum, fittings.

3.2. Pumping System

The elements of the pumping system as depicted in Figure 3 are the molecular drag pump
and the oil-less diaphragm vacuum pumps. Pumps and odier components used in the PDW should
be all metallic if possible as this reduces the level of tritiated organics in the system. The pumping
system must be able to maintain a pressure in the 13-65 Pa with 15 to 150 seem of argon gas
flowing through the system. Base pressures of less than 0.1 Pa should be attainable with no gas
load present. A molecular drag pump works well in die pressure range indicated. The molecular
drag pump cannot exhaust into atmosphere requiring the use of the diaphragm pumps. A single
stage diaphragm pump is not capable of providing adequate backing line pressure for the molecular
drag pump; four stages are required. The molecular drag pump comes with a Pneurop NW 63
flange in the inlet port which is adequate for the connection to the reaction chamber, see Section
3.4. The exhaust pert is a Pneurop NW 16. The exhaust from the diaphragm pumps is directly
connected to die stack. The molecular drag pump should be air cooled. Both the pump controller
and cooling fan should connect to a 115V line. The diaphragm pump is a twin diaphragm
compressor with a flow capacity of 3.7 standard cubic meter per minute; it is a portable model with
stainless steel and viton as the pump materials. The working voltage required is 115V. The inlet
and exhausts ports connections are 1/4 in. NPT.

3.3. Plasma Generating System

Figure 4 indicates the essential elements of the plasma generating system. The purpose of
die system is to provide a radio frequency electromagnetic (EM) field within the reaction volume.
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This EM field creates and maintains the plasma used to decontaminate the tritiated components.
The system consists of a radio frequency (RF) power supply, the copper inductor-plasma system
and the impedance matching network. The typical operating frequency is 13.56 MHz. The RF
power supply should be capable of delivering a maximum power output of 500W. The power
output should be variable. The output port of the supply should come with a type N male connector
terminating with a 50 ohm impedance.

For maximum power transfer to the RF coil the impedance of the line attaching to the power
supply must match. The presence of the plasma alters the impedance of the circuitry. An automatic
impedance matching unit is capable of handling this without operator assistance. The matching
network must be able to handle the maximum power supplied as well as a wide range of
impedances. Attaching the autotuning network as close to the coil as possible is essential. All
connectors should be type N and RF cabling should be type RG-8U. The actual RF coil is
constructed from 3.2mm <]) copper tubing or from 0.5cm xO.O5cm copper stripping. The coil is
wound helically about the reaction chamber and fixed to the exterior surface. A total of 11 turns
and with a space of 25.4 mm between windings ,as illustrated in Figure 5, is suggested.

3.4. Reaction Chamber

Within the reaction chamber the tritiated components are cleaned by exposure to the plasma.
The main vacuum chamber is a borosilicate glass tube of approximate diameter 300 mm and a
length of 500 mm, no.l in Figure 5. At the two ends of the glass tube are two flanges made of
aluminium which assure the integrity of the vacuum, no.'s 8 and 16 in Figure 5. Each flange is
fixed to the glass tube. The vacuum seal is provided by viton o-rings squeezed between the metal
flange and the glass lip.

At the lower flange several connections are provided to allow attachment of the pumping
system, the gas system and the RF supply system. The molecular drag pump is attached to a NW 63
flange indicated in Figure 5 by no. 10. The two capacitance manometers are attached at the
locations indicated by no. 9. At these locations are 4VCR female vacuum fittings. To prevent the
plasma from extending into the mouth of the molecular drag pump a plasma screen is located at the
location indicated by no. 6.

The glass reaction chamber and the RF coils (no. 3) are electrically isolated from the
environment by the flanges at the two ends of the glass tube and the metal RF shield (no. 2).
Flanges no. 8, 16 and 17 along with RF shield no. 2 define the RF chamber. RF power enters
within the RF chamber through Type N RF connectors (no. 7). RG 58-U coaxial cable is used to
bring the power to the RF coil (no. 4).

Items to be cleaned are inserted into the reaction chamber through the aluminium flange no.
14. This entry flange is hinged and clamps shut. A metal impregnated o-ring is used to assure
complete electrical isolation of the system. The items are hung from a supporting cup, no. 19. The
supporting cup is rigidly fixed in place on the upper vacuum flange.

The gas is brought into the vacuum chamber through connections 13 and 15. A Swagelok™
bulk head connector for a 1.4 in.<|> OD tube brings the gas within the RF chamber. Through 1/4 in.<j>
OD tubing the gas is brought up to connector no. 15. Connector no. 15 is a Swagelok™ to NPT
male connector. A hole is present within the upper vacuum flange which directs the gas into the
vacuum chamber, not shown in Figure 5. Having the gas port located opposite the pump inlet
enhances the flow of gas through the reaction volume.
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Objects that are up to 159c of the chamber diameter can be inserted into the reaction volume.
The requirement is that the placement of the object in the chamber does not block the flow of gas
through the volume. A change in the power level may be required. Typical power levels have yet
to be defined.

Cleaning effectiveness will depend on the following parameters: electron temperature,
electron density, pressure, gas type, reaction chamber dimensions and power density. Theory
indicates that the electron temperature is uniquely defined by the product of the pressure (p) and the
reaction chamber radius (R). The electron temperature decreases with increasing pR. At present,
the dependence of cleaning efficiency on these parameters is undergoing evaluation.

4.0 EXPERIMENTAL RESULTS

To date the plasma cleaning technique has been tested with tritiated stainless coupons7,
VCR components, tools and uranium shipping containers8.

A study using thermal desorption spectroscopy to investigate the effectiveness of plasma
cleaning7 shows the technique to be effective. A 316 stainless steel disc exposed to pure tritium at
lxlO4 Pa for 1 hr is effectively cleaned to background levels using the technique. The surface
activity is reduced by a factor of -250.

Contaminated stainless steel wrenches with a mirror finish and high chromium content have
been cleaned using the plasma technique. Two tools with surface concentrations of ~8 and 0.3
|iCi/m2 were exposed to helium plasmas. Their surface tritium concentrations were reduced to ~0.3
and 0.005 ^iCi/m2, respectively. A surface tritium concentration of -0.005 \lCUva2 represents the
detection limit of the OHRD laboratory equipment. Two additional wrenches with surface tritium
concentrations of-250 jiCi/m2 had also been exposed to a plasma. After a short exposure of 10
minutes their surface concentrations were reduced to -14 and 7 2

Uranium storage beds (USB's), used to transport tritium from the Tritium Removal Facility
at Darlington NGS to light manufacturers, underwent a series of tests using the plasma technique8.
No difference in cleaning effectiveness is noted among the gases used (H2, O2, Ar, He). USB's with
a shiny; that is, slightly oxidized surface finish had the surface concentration of tritium effectively
reduced by the plasma. Figure 6 presents the measured surface activity as a function of
accumulated ion dose for several USB's. Several different gases were investigated. USB4015 had a
shiny surface; representative of light oxidation. The other USB's had medium to heavy oxidation.
Surface activities were reduced by factors of greater than 100 by plasma cleaning.
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APPENDIX A: Suggested List of Suppliers

The following are recommended suppliers for the equipment mentioned above.

Swagelok fittings and Cajon VCR fittings & Valves
Weston Valve & Fitting Ltd
3580 Wolfedale Rd
Mississauga, Ontario L5C 2V6
tel. (416) 279-4980

Mass Flow Regulators. Capacitance Manometers. Pressure & Mass Row Controller
MKS Instruments Canada, Ltd.
30 Concourse Gate
Nepean, Ontario K2E 7V7
te. 1-800-267-3551

Molecular Drag Pump and accessories and Vacuum Hardware

Canadian Vacuum Equipment
5714VandenAbeeleSt.
St. Laurent, P.Q. H4S 1R9
tel. (514)332-1025

Diaphragm Pumps
KNF Neuberger, Inc.
P.O. Box 4060
Princeton, New Jersey 08543
tel. (609) 799-4350

RF Equipment

ENI, Inc.
100 Highpower Road
Rochester, NY 14623, USA
tel. (716) 427-8300

or

Comdel Inc.
Beverly Airport
Beverly, MA 01915, USA
tel. (508)927-3144

RF Connectors and Cabling

Electro Sonic Inc.
1100 Gordon Baker Rd.
Willowdale, Ontaril
tel. (416)494-1555
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Vacuum chamher and mating flange

Pegasus Industrial Specialties Ltd.
143 Mills Rd.
Ajax, Ontario LIS2H2

tel. (416) 428-6056

General machining

TorroVap Industries Inc.
90 Nolan Court
Unit 39-40
Markham, Ontario L3R 4L9
tel. (416) 474-9144
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Figure 3. Schematic of the Pumping System
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FIGURE 5: Schematic of the Reaction Chamber

14 93-19



G93-24

LIST OF MATERIALS

1. Borosilicate chamber, DN300, L500
2. Electromagnetic Shielding
3. RF coil, 3.2 mm<|) copper tubing, 11 turns, 25.4 mm spacing

between winding
4. RG-8LJ coaxial cable
5. Flange and insert
6. Plasma screen, copper mesh
7. Type N-connector, panel jack
8. Lower vacuum flange, Al
9. 4 VCR female fittings
10. NW 63 flange, stainless steel
11. 114 mm flange, stainless steel
12. Viton O-ring, 6.35 mrrxj), 317.5 mm JL, 330.2 mm OD
13. Swagelok 6.35 mrrn|» tube OD bulkhead connector
14. chamber flange, Al
15. Swagelok-NPT male connector for 6.35 mm^ tubing
16. Upper vacuum flange, Al
17. Hinge and Locking mechanism for chamber flange
18. metal impregnated O-ring
19. Tools supporting cup, mesh
20. Cu retaining ring
21. 63.5 mm OD stainless steel tubing
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