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(57) Un pistolet radioactif servant a ¢liminer 1”¢lectricite
statique possede une cartouche (7) qui est relice a une
source d’alimentation (8) en air sous pression ¢€levee.
Une source radioactive (6) situce a ['intéricur de la
cartouche (7) géncre des particules alpha et suit le méme
sens que 1’axe méedian de la longueur. Ces particules
alpha viennent en collision avec le flux d’air sous
pression ¢leveée passant a travers la cartouche, ce qui
genere des 1ons. Ce dispositif permet a la concentration
d’1ons d’€tre plus importante au niveau du coeur du flux
d’air, ce quu permet d’effectuer un apport maximum
d’1ions a la surface dont I'¢lectricité statique doit étre
supprimee. Ce pistolet radioactif est particulierement
efficace pour supprimer 1’¢lectricit¢ statique et adapte
pour €tre utilis€ quand on pulvernise de la peinture sur des
surfaces metalliques, sur lesquelles les {forces
¢lectrostatiques au niveau de la surface du metal
presentent ¢ventuellement une force 1nsuffisante
d’attraction des 10ns du flux d’air émergeant du pistolet.
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(57) A radioactive static eliminator gun has a cartridge
(7) connected to a high pressure air supply (8). Within
the cartridge (7) a radioactive source (6) which generates
alpha particles 1s located coaxially along the central
longitudinal axis. The alpha particles collide with the
high pressure air stream passing through the cartridge
thereby generating 1ons. With this arrangement the 1on
concentration 1s greatest at the core of the air stream
which ensures that the greatest number of 1ons 1s
delivered to the surface requiring static elimination. The
radioactive static eliminator gun provides improved
efficiency in removing static and 1s particularly suited to
use 1 pamnt spraying of metal surfaces where the
electrostatic forces at the surface of the metal may not be
strong enough to attract 1ons 1n the air stream emerging
from the gun.




}

|

CA 02271722 1999-05-12

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 98/23136
HOSF 3/06 Al . . '
(43) International Publication Date: 28 May 1998 (28.05.93)

(21) International Application Number: PCT/GB97/03

(22) International Filing Date: 14 November 1997 (14,11.97)

(30) Priority Data:

06308302.7 15 November 1996 (15.11.96) EP
(34) Countries for which the regional or
international application was filed: GB et al.

(71) Applicant (for all designated States except US): AMERSHAM
INTERNATIONAL PLC [GB/GB]; Amersham Place, Little
Chalfont, Buckinghamshire HP7 ONA (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SHILTON, Mark, Golder
[GB/GB]; 1 Warwick Close, Aston Clinton, Bucking-
hamshire HP22 5JF (GB). MILES, Peter [GB/GB]; Amer-
sham International plc, Amersham Place, Little Chalfont,

Buckinghamshire HP7 9NA (GB).

| (74) Agent: PERKINS, Sarah; Stevens, Hewlett & Perkins, |

Serjeants’ Inn, Fleet Street, London EC4Y 1LL (GB).

(54) Title: SURFACE STATIC REDUCTION DEVICE

| (87) Abstract

i where the electrostatic forces at the surface of the metal

| Published
With international search report.

Before the expiration of the time limif for amending the
claims and to be republished in the event of the receipt of

amendments.

| A radioactive static eliminator gun has a cartridge (7) connected to a hi
| source (6) which generates alpha particles is located coaxially along the cen
pressure air stream passing through the cartridge thereby generating 1
| core of the air stream which ensures that the greatest number of ions is

static eliminator gun provides improved efficiency in removing static and is particularly s
may not be strong enough to attract ions in the air stream emerg

Oons.

147 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

BY, CA, CH, CN, CU, CZ, DE, DK, EEL, ES, FI, GB, GE,
GH, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO,
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, ™, TR,
TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH,
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, .U, MC, NL,
PT, SE), OAPI patent (BF, Bl, CF, CGQG, CI, CM, GA, GN,
ML, MR, NE, SN, TD, TG).

|

l

gh pressure air supply (8). Within the cartridge (7) a radioactive
tral longitudinal axis. The alpha particles collide with the high
With this arrangement the ion concentration is greatest at the
delivered to the surface requiring static elimination. The radioactive

uited to use in paint spraying of metal surfaces
ing from the gun.




CA 02271722 1999-05-12

WO 98/23136 PCT/GB97/03147

10

15

20

25

30

SURFACE STATIC REDUCTION DEVICE

The present invention relates to a surface static reduction device for
use, for examplé, in reducing and preferably eliminating static electricity from
surfaces to be sprayed with paint. In particular, the present invention
provides an improved radioactive gun for the reduction of static.

There are many ways of eliminating static electricity. These may
involve the use of high voltage devices which use a corona discharge to
generate lonised air, there are so-called passive devices which consist of
unpowered arrays of sharp points, there are electrically powered X-ray tube
devices which ionise air by emitting low energy X-rays and there are
radioactive devices which are generally described as bars, guns or cartridges
which use radioactive sources to ionise air. Devices can be used in
combination with each other and in conjunction with blowers, fans.
compressed airlines and the like which guide the ionised air to where it is
needed. All the methods seek to produce and direct as many ions as
possible to the charged work surface. There they can neutralise unwanted
electrostatic charge which may have built up.

The basic design concept and operating principle tor radioactive guns
and lonising cartridges is described below by reference to Figure 1. Devices
work by passing air from a high pressure feed line 3 at a high velocity into an
input nozzle end 2 of a hollow cylindrical cartridge 1 which is open at the
other end with an outlet nozzle 4. inside the cartridge 1 is placed a source of
lonising radiation 5 which is commonly a metal foil containing the
radioisotope polonium-210 which emits alpha particles. This causes the air
flowing through the cartridge to become ionised. The air exits the cartnidge
through the outlet nozzle 4 and is then directed towards a charged surface
by the operator of the device. lons in the air stream are blown onto the
surface and/or are drawn towards it by an electrostatic field associated with
the charge on the surface and they cause the charge on the surface to be

neutralised. Static radioactive guns and ionising cartridges such as the one

represented in° Figure 1 are well known in the industry and such devices
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using this operating principle have been available for many years.

The main field of application is in manufacturing industry where it is
important for certain articles to be kept clean and free from dust and charge
during their assembly.  An important application is in the paint spraying
industry. [n this application it is well known that both dust and charge on a
surface give rise to a poor quality paint finish and there can be a significant
cost associated with rework. The radioactive ionising gun provides a means
of improving the quality of the surface finish by eliminating both dust and
charge simultaneously prior to painting. High voltage corona discharge
devices are potential fire hazards in this application and they are generally
not used by industnes which perform paint spraying on safety grounds.

The efficiency of existing radioactive guns and cartridges can be
adversely affected where local conditions vary and also due to poor design.
Factors which can affect performance include such parameters as the air
input pressure, the air flow volume, air turbulence, air cleaniiness and
particuiate content, temperature, humidity, work surface material, geometry
and distance from the gun, local electrostatic fields, individual operator
training and product age. In poorly designed devices, performance may also
be adversely affected due to inefficient ion production, inefficient transport to
the work surface and ion losses due to recombination and dispersion in the
outside air. The present invention seeks to address the problems
encountered with existing radioactive guns and in particular the present
invention seeks to provide a radioactive gun which is substantially insensitive
to changes in local conditions.

The present invention provides a surface static reduction device for
generating a stream of ionised air comprising a cartridge having a chamber
with an inlet for communication with a pressurised air supply and an outlet
for the stream of ionised air, the chamber containing at least one

radioactive source for ionising air within the chamber characterised in that
the cartridge is arranged to produce an external stream of ionised air
having a core region and a perimeter region with the average ion

concentration in the core region being greater than the average ion
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concentration in the perimeter region.

A cylindrical static reduction device may be provided with a cylindrical
radioactive source, the internal diameter of the cylindrical source being
greater than 11mm and less than 23mm diameter and in which the input air
pressure, the inlet diameter and the outlet diameter are matched to produce
an internal air density and air velocity contour which causes the production
rate of ionisation to be greater in the centre of the chamber than adjacent
the walls of the chamber so that the stream of ionised air has an ion
concentration in the core region of the air stream which is maximised and an
ion concentration in the perimeter region of the air stream which is
minimised. In addition the inlet diameter and the outlet diameter may be
matched so that the internal air density inside the ionising cartridge is
substantially independent of pressure variation in the compressed air supply
line.

Preferably, but not exclusively, the device is designed and operated
so that the internal air density inside the cartridge is such that the
maximum path length of alpha particles from the source is between about
0.95 - 0.85 (preferably 0.65 - 0.8, more preferably about 0.75) of the
internal diameter of the source, (or if the source is planar, that fraction of
the average height of the air space above the source). This produces an
lon distribution in which the ion cloud from opposite sides of the cartridge
overlap in the middle to produce a core region of higher (i.e. about double)
ion concentration. The larger the cartridge diameter, the longer the alpha
path length needs to be before there is overlap in the middie. The
optimum air density is lower for large cartridge diameters.

Because of the need to balance ion concentration with air pressure
in dependence on the diameter of the cartridge a practical limit arises for
the useful range of internal diameters for such devices of between about

12 - 22mm. The 12mm devices need to be designed to operate at high

Internal pressure for optimum performance whereas the 22mm diameter

devices need to be designed to operate at low internal pressure for

optimum performance.
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In order to ensure the optimum internal operating pressure (i.e. air
density) is achieved for any given cartridge diameter more usually in the
range 12 - 22 mm the ratio of the Iinternal diameter of the radioactive
source to the output nozzle diameter is important. [n a preferred
embodiment, optimum performance is achieved when this ratio is in the
range 2.5 - 4.5, preferably 3 - 4, more preferably 3.5.

In a second preferred embodiment the inlet nozzie diameter and the
outlet nozzle diameter are matched so that the inlet nozzle has an air flow
resistance which is greater than the air flow resistance of the output nozzle.
The air inlet nozzle acts as the primary barrier to air flow through the device.
When the velocity at the inlet is close to supersonic (as it usually is In
practical conditions of use) the air input is said {o be “choked”. This causes
the internal air density of the cartridge to be substantially independent of the
air input pressure of the high pressure feed line. In other words, changing
the input pressure does not substantially alter the air flow through the input
nozzle. This enables the device to operate at optimum efficiency over a
wide range of possible input pressures. This is achieved and optimised with
the current invention when the raﬁo of the diameters of the output nozzle to
the input nozzle is in the range 1.2 - 1.4, preferably 1.3. A representative

set of workable design parameters for practical devices is summarised in

the table below.

Source Internal Output Nozzle input Nozzle
Diameter Diameter (OND) Diameter (IND)
(SD) ~12-22mm SD/OND ~ 3.5 OND/IND~ 1.3
22mm 6-7mm 4.5-55mm
18mm 5-6 mm | 3.7 -4.5mm
15mm 4 -5 mm 3.1-3.7mm
12mm | 3-5mm 2.5-3.0mm

Local air velocity and velocity gradients inside the cartridge are

"L.hmwcu.-ow-u_‘u l~\.--p... '
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important in determining where the local build up of ionisation occurs, and

how efficiently the ions produced are expelled from the device. lon
concentration is a function of both the ion production rate (due to source
activity, location and ion overlap) and the local air flow volume per unit time
at the point in question. Where the air velocity is high, the instantaneous

jon concentration Is low and vice versa due to the local rate of mixing. It is

preferable to ensure that the air velocity in the perimeter region (i.e.
adjacent to the source) is maximised so that the ion concentration in this
region is low.

All static reduction devices lose ions due to recombination. This can
occur inside a device due to collisions with internal surfaces or due to
annihilation by coliisions with oppositely charged ions. The amount of
recombination is a compiex function which depends on ion concentration, air
flow velocity and turbulence and proximity to internal surfaces and on the
total surface area available for recombination. In addition to this ions are
lost outside the device due to dispersion and mixing with the outside air.

With the present invention, ion recombination losses are reduced due
to the inclusion of novel design features which maximise the air flow velocity
in the perimeter region of the cartridge. This substantially reduces the time
for ion collisions and recombination to occur on the internal cartridge walls.

In a preferred embodiment an air inlet adapter is fitted to, or is
integral with the inlet nozzle to improve the performance which prevents
high velocity air from travelling straight along the central axis of the
cartndge. The adapter deflects the air away from the central axis and

towards the perimeter region where the velocity is then maximised.

In an alternative preferred embodiment, an inlet nozzle and air inlet
adapter are, in practice, combined as a unitary item to provide both high air
resistance compared with the output nozzle and also to deflect air from the

central axis of the cartridge.
In an alternative preferred embodiment the at least one radioactive
source is mounted so that it is substantially concentric with the chamber

and divides the chamber into two air paths an inner ionising air path and an
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outer path.
Thus, the surface static reduction device may be in the form of two

concentric tubes open at both ends into which air is input at one end and in

which the device contains a radioactive source inside the inner concentric
tube which ionises the air as it passes through the inner tube whereby air
passing through both the inner tube and the outer tube recombines to form a
single air stream which passes out of the device to form a stream of ionised
air in which ions are predominantly located in the central core of the air
stream. Alternatively the inner concentric tube may be replaced by a
source and holder; the holder connects the source to the cartridge wall on
support mountings (e.g. legs) so that air can pass In front of and behind the
source without the need for a separate inner cartridge body to be located
inside the chamber.

Embodiments of the present invention will now be described by way
of example with reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a conventional radioactive gun;

Figures 2a and 2b are schematic diagrams of first and second
embodiments of radioactive guns in accordance with the present invention;

Figure 3 is a schematic diagram of a third embodiment of a
radioactive gun in accordance with the present invention;

Figures 4a and 4b are schematic diagrams showing alpha emission
from a radioactive foil:

Figures 5a, 5b, 5c and 5d are graphs of the ionisation field within a
radioactive gun under different operating conditions;

Figures 6a, 6b and 6¢ are schematic diagrams of computed air flow
and ionisation clouds within an ionising cartridge;

Figure 7 is a schematic diagram of the expected air flow outside of a
radioactive gun or cartridge in the vicinity of a work surface; and

Figures 8a and 8b are schematic diagrams showing electric field
effects on conducting and insulating work surfaces respectively.

Figure 2a is a schematic diagram of a preferred embodiment in

which at least one radioactive source 6, two are shown in Figure 2a, is
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mounted on the internal wall of the cartridge 7 so that the alpha patticles
from the source 6 are emitted in a direction predominantly towards the
centre of the chamber. The ratio of the internal diameter of the source 6 to
the internal diameter of the output nozzle 9 is set to be in the range 2.5 to
4.9, preterably it is set to be in the range 3 to 4, more preferably 3.5. The
ratio of the output nozzle diameter 9 to the input nozzle diameter 8 is set to
be 1.2 - 1.4, preferably 1.3. Hence, with an internal cartridge diameter of
22mm, the output nozzle diameter 9 of 6.5mm is chosen and the inlet
nozzle diameter 8 of 5mm is chosen (or nozzle sizes with the same
effective air resistance where the nozzles are not circular). Optionally, an
air inlet adapter 10 is connected to or integrally formed as part of the air
inlet nozzle 8 such that incoming air is substantially deflected away from
the central axis of the cartridge towards the perimeter region to maximise
the air flow volume and velocity in the perimeter region. This may be
designed and shaped with features which affect and optimise the internal
air flow and turbulence in the cartridge. The adapter may contain one or
more holes, slots or other features (not shown) to guide and optimise the
air flow.” The ends of the cartridge chamber 11 and 12 are internally angled
to reduce turbulence and the internal length of the cartridge chamber
between ends 11 and 12 is determined in dependence on the width of the
sources 6 and the source fixing means 13. For example, the overall length
may be 48mm, but this length is not a critical feature except that reducing
the overall internal surface area is desirable. Optionally, either one of the
two sources 6 may be removed. Also, the output nozzle 8 is optionally
provided with a small metal pin (not shown) fitted across the diameter as a
safety feature to prevent sharp objects being poked inside the cartridge
from outside. Optionally, a handle with a trigger mechanism may be
provided (not shown) on the inlet side of the cartridge as a means of
controlling the input air pressure (such products are usually called static
guns) or the device may be plumbed directly into a high pressure air line
(these are usually called static cartridges).

Figure 2b is a schematic diagram of a second alternative preferred

-
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embodiment in which at least one radioactive source 14 is mounted along
the internal wall of the cartridge 15 generally in the shape of a “gutter” .
Preferably two such sources are located so as to face each other on
opposite sides of the cartridge. As in figure 2a, the alpha particles from the
sources 14 are emitted in a direction predominantly towards the centre of
the chamber. The ratio of the internal diameter of the source 14 to the
internal diameter of the output nozzle 17 is set to be in the range 2.5 to 4.5,
preferably it is set to be in the range 3 to 4, more preferably 3.5. The ratio
of the output nozzle diameter 17 to the input nozzle diameter 16 is set to
be 1.2 - 1.4, preferably 1.3. Where the internal cartridge diameter is
14mm, an output nozzle diameter 17 of 4mm is chosen (or nozzle sizes
with the same effective air resistance If they are not circular) and an inlet
nozzle diameter 16 of 3mm is chosen. Optionally, an air iniet adapter 18 is
connected to or, in practice, combined as part of the air inlet nozzle 16
such that incoming air is substantially deflected away from the central axis
of the cartridge towards the perimeter region to maximise the air flow
volume and velocity in the perimeter region. This may be desighed and
shaped with features which affect and optimise the internal air flow and
turbulence in the cartridge. The adapter may contain one or more holes,
slots or other features (not shown) to guide and optimise the air flow. The
ends of the cartridge chamber 19 and 20 are internally angled {o reduce
turbulence and the internal length of the cartridge chamber between ends
11 and 12 is determined in dependence on the length of the sources 14.

For example the internal length may be 30 - 60mm, but this length is not a

critical feature except that reducing the overall internal surface area is
desirable. Optionally, either one of the two sources 14 may be removed.
The output nozzle 17 is optionally provided with a small metal pin fitted
across the diameter as a safety feature to prevent sharp objects being
poked inside the cartridge from outside. Optionally, a handle with a trigger
mechanism may be provided (not shown) on the inlet side of the cartridge

as a means of controlling the Input air pressure or the device may be

plumbed directly into a high pressure air.
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Figure 3 is a schematic diagram of a third alternative embodiment in
which at least one radioactive source 21 is mounted onto a substantially
cylindricatl holder 22. The radioactive source 21 may be generally in the
shape of a "gutter”. The holder 22 is mounted coaxially and concentric with
the Inner walls of the cartridge 23. The holder 22 may consist of or include
at least some of the components of the device shown in Figure 2b as a
means of holding and mounting the source 21. The holder 22 (referred to
as an inner chamber or inner cartridge) is attached by means of support
legs 24 to the wall of the cartridge 23 so that two separate air paths are
created; one along the central axis of the chamber and one between the
inner chamber and the cartridge walls or outer chamber. As in figures 2a
and 2b, the alpha particles from the sources 21 are emitted in a direction
predominantly towards the centre of the inner chamber. The ratio of the
internal diameter of the sources 21 to the internal diameter of the output
nozzle 25 is set to be in the range 2.5 to 4.5, preferably it is set to be in the
range 3 to 4, more preferably 3.5. The ratio of the output nozzle diameter
25 to the input nozzle diameter 16 is set to be 1.2 - 1.4, preferably 1.3.
With an internal source diameter of 14mm, an output nozzle diameter 25 of
4mm Is selected (or nozzle sizes with the same effective air resistance if
they are not circular) and an inlet nozzle diameter 26 of 3mm is selected.
Optionally, an air inlet adapter 27 may be connected to or combined as
part of the air inlet nozzle 26 such that incoming air is substantiaily
defiected away from the central axis of the cartridge towards the outer
chamber. On the other hand, as shown in Figure 3 the inlet adapter 27
can be joined to or form part of one end of the inner chamber 22 so as to
provide additional support to the inner chamber. The inlet adapter 27 is
designed to achieve the optimum air volume and velocity in both the inner
chamber and the outer chamber. Air from inner and outer regions of the
device recombines in the region of the outlet nozzle 25 to form an air
stream which is substantially devoid of ions in the perimeter region and
substantially rich in ions in the core region. The length of the inner

chamber may be 30 - 60mm, but this length is not a critical feature except
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that reducing the overall internal surface area is desirable. The output
nozzle 25 is optionally provided with a small metal pin fitted across the
diameter as a safety feature to prevent sharp objects being poked inside
the cartridge from outside. Optionally, a handle with a trigger mechanism
may be provided on the inlet side of the cartridge as a means of controlling
the input air pressure or the device may be plumbed directly into a high
pressure air line.

The performance of a radioactive gun, of the type described above,
having matched cartridge, outlet nozzle and inlet nozzle diameters of
22mm. 6.5mm, and 5mm respectively was compared with a conventional
commercially available radioactive gun having a 22mm cartridge, a 3.omm
outlet nozzle and a 5mm inlet nozzle and another commercially available
gun having an ~8mm cartridge, a Smm Inlet nozzle and a Smm outlet
nozzle. Static dissipation times were measured in a standard work geometry

and the 6.5mm diameter nozzle was shown to have half the static dissipation

time compared with either of the two commercial devices. This means the
6.5mm diameter nozzle is capable of being twice as effective at transporting
ions to the work surface.

When an inlet nozzle adapter as described previously was also
added to the gun having a 22mm cartridge, a 6.5mm output nozzle ana
5mm inlet nozzle, static dissipation times were further reduced by an

additional 15-30%. When one radioactive source adjacent to the inlet end

of this device was removed the static dissipation time did not double as
expected, but only increased by about 40%. This represented an improved
performance of about 20% per unit activity. This improvement was not
observed when the other source was removed. This indicates that the
ionisation from the source which is furthest from the inlet nozzie i1s more
efficiently transported to the work surface.

It is known that expansion of a compressible fluid at a narrow
constriction is accompanied by cooling of the fluid. Such a cooling effect Is
experienced at the down-wind side of a narrow constriction such as the inlet

or the outlet nozzle of radioactive guns where there may be a rapid pressure
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drop. Even with small pressure differences the cooling effect can be
significant and is sufficient for condensation outside the chamber to present
a problem if the air humidity is high. [t is well known that condensation
preferentially forms on ions and so this cooling effect can become a major
cause of ion loss. Moreover, it is also Inadvisable to blow cold air over a
work surface because this may cause condensation on the surface which is

particutarly undesirable in paint spraying applications. The effect of

condensation can be reduced where the air humidity is kept low or if the air
supply is pre-heated or the natural heating of the air supply compressor is
retained by supplying the air through a thermally insulated feed line.

However, it will be appreciated that with the embodiments of Figures
2a, 2b and 3 the pressure change at the outlet nozzle is reduced compared
with conventional guns and cartridges and so the designs shown in these
figures provide the additional advantage of at least in part addressing
condensation problems. it is usual in the industry for dry compressed air to
be used in static gun applications to reduce the risk of condensation.

The embodiments of radioactive guns described above enable ion
losses to be minimised and enable the humber of ions which can reach the
work surface to be maximised. With the embodiments described a stream of
lontsed air is produced in which the majority of ions are concentrated in the
middle of the air stream whilst the outer region of the air stream is
substantially devoid of ions. Thus, when turbulent mixing at the edge of the
air stream causes entrainment of the outside air, dilution and broadening of
the air stream there are minimal ion losses. Moreover, these embodiments
have been shown experimentally to provide a significant performance
improvement compared with previously known designs.

The following is a discussion of the parameters affecting the
performance and thus the efficiency of radioactive guns and provides some
insight into the advantages afforded by the embodiments of radioactive guns

described above.

*®Po, which is the preferred radioisotope employed in static

eliminator guns, emits alpha particles with an energy of 5.3MeV. The
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particles are emitted in all directions and at least half of them are emitted
back into the foil and are lost. Those that travel forwards pass through a thin
protective metal face which acts as a protective seal to prevent radioactive
material from escaping into the cartndge. Figures 4a and 4b show
schematic diagrams of alpha emission from a foil 40.

The alpha particles lose some of their energy on their way through the
metal face 41. The amount of energy they lose depends on the face
thickness, the face material and the angle of emission. The thickness and
material used for the protective face varies according to the design
preferences of individual manufacturers. Gold, silver, palladium and copper
or alloys of these have all been used. Face thicknesses can vary from
typically 1um to 3um. On average only just over half the original 5.3MeV
energy is retained by those alpha particles which are emitted (and only about
40% are emitted forwards through the face). The total ionising energy
available for use is therefore only about a quarter of the total decay energy
from *"°Po inside the foil.

Emitted alpha particles interact with the air and lose their remaining
energy in a series of collisions in which about 35eV of energy is lost per
collision. This means that the particies undergo many tens of thousands of
collisions before they come to rest, causing ionisation aiong the way. The
process produces equal numbers of both positive and negative ions (not
counting the original alpha particles). The ions which are created are
positively and negatively charged air molecules and atoms and free
electrons. Figure 4b shows graphically the amount of ionisation (X) with

respect to the distance (Y) from the foil.
The total distance the ionisation field 42 extends away from the foil

surface depends on the air density. For example, the maximum range of
alpha particles is around 12mm at one atmosphere. The jonisation field is
proportional to the pressure in the cartridge providing there are no significant
local temperature gradients. (It should be noted however that in a real

cartridge, there can be significant local temperature gradients, so local

pressure and local density may not be proportional). Doubling the air
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pressure roughly haives the size of the ionisation field. Three times the

pressure reduces it to about a third. But as this occurs the ionisation density
also increases. The total amount of ionisation actually increases slightly with
Increasing pressure. This is about 20 - 30% higher at 16psi above
atmospheric pressure compared with 3.5psi above atmospheric pressure,
but the ionisation field is then located in close proximity to the foil surface
where recombination on surfaces can occur.

The air pressure inside a chamber can be changed by altering the
input air pressure, changing the dimensions of the input and output nozzles
and the cartridge diameter. Pressure also depends on whether the air flow is
laminar or turbulent and on the local temperature and air velocity.

The relative ionisation density (Y) as a function of distance (X) in
centimetres from the central axis of a 22mm diameter cartridge was
computed at various pressures (assuming an ambient temperature of 298K)
and the results are plotted in the four graphs shown in Figures 5 a-d.

The parameters of the cartridge used in these calculations were:

e radioactive source 10mCi, *'°Po annular foil
e face material copper

o face thickness 3pm

e Internal cartridge diameter 22mm

e input air pressure 50psi

o inlet nozzle diameter dmm

Figure 5a Figure 8b  Figure 5¢ Figure 5d

e output nozzle diameters (mm) 3.5 4.5 2.5 6.5
e internal air pressures (psi) 16 11 8 3.5
e total ionisation per mCi 22305 21673 21032 19355

The results show clearly the effect of internal air pressure on the
density and position of the ionisation field inside the cartridge of a radioactive
gun. It can be seen from Figure 5a that when the pressure is 16psi above

atmospheric pressure and the output nozzle diameter is 3.5mm there is no
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jionisation in the central part of the chamber. In fact the middle 8mm is
completely empty and less than 20% of the ions are in the middie half (i.e.
middle 11mm) of the chamber. All of the ions are within 7mm of the face of
the foil.

The internal pressure inside the cartridge drops when the output
nozzle diameter is increased. In this set of examples the input pressure was
kept at 50psi which is typical for the industry. When the output nozzle
diameter was increased from 3.5mm to 4.5mm, 5.5mm and 6.5mm the
internal pressure (measured experimentally) reduced to 11psi, 8psi and
3.5psi respectively. Figures 5a-bd show that the computed ionisation field
progressively extended further away from the foil towards the centre of the
cartridge until in figure 5d the ionisation overlapped at the centre. This gave
rise to a region in the centre where the ion concentration was higher than

anywhere else.

How the particles are transported out of the cartridge towards the
work surface is also an important factor in the efficiency of the gun. Air flow
can be laminar or turbulent or it can be partly both. A typical air flow volume
through a cartridge when it is in use is around 5-10 cubic feet per minute.
This gives a typical air velocity of about 300m/s In the centre of a dSmm
diameter inlet nozzle which is close to supersonic. The input nozzle serves
to “choke” the input air supply because increasing the input pressure
attempts to raise the velocity closer to supersonic speed which produces
much greater turbulence and air resistance. Therefore, when input

pressures which are typical for the industry are used and when the input
nozzle diameter is appropriately matched to the outlet nozzle diameter as
described above the internal air pressure in the cartridge can be substantially
independent of the feed line pressure. If the inlet diameter is larger than the
outlet diameter, the air flow becomes “choked” at the outlet and the internal

chamber pressure will rise and fall in relation to the feed line pressure. The
performance of such a device would therefore be variable in dependence on
the feed line pressure, since this directly affects the ion distribution in the

cartridge it is undesirable. The designs of ionisation devices described




CA 02271722 1999-05-12

WO 98/23136 PCT/GB97/03147

10

15

20

25

30

15

above overcome this problem by matching the inlet and outlet nozzies so
that the outlet nozzle is always larger than the inlet nozzle.

Figures 6a - 6¢ are schematic diagrams of the computed air flow and
lonisation cloud from a 22mm diameter tonising cartridge which is operating
at high (Fig 6a) and low (Fig 6¢) internal chamber pressure. In this example
the internal pressure would be high in the case of a 3.5mm output nozzie or
low in the case of a 6.5mm outlet nozzle. The ionisation clouds are
represented in figures 6a and 6¢ as the shaded areas. It can be seen that
no ions are produced in the core of the air stream for high pressure
conditions whereas there is ion overlap for low pressure conditions.

The air flow at both high and low pressure is represented
schematically in figure 6b. Computed air flow data was obtained using
computational fluid dynamics software. it can be seen from figure 6b that
there is an area of recirculation in proximity to the surface of the sources in
which air circles or spirals round several times before it becomes entrained
into the central core of the air stream which flows down the middle of the
chamber. The air velocity in proximity to the surface of the source was
computed to be approximately 20-30m/s (in the reverse direction) in the low
pressure design and approximately 10-15m/s (in the reverse direction) in the
high pressure design compared with approximately 150-250m/s (in the
forward direction) along the central axis.

By comparing figure 6a with figure 6b it is clear that in the high
pressure design the region of greatest ion production occurs in the centre of
the recirculation zone and no ions are produced in the core air flow. In the
low pressure case the region of greatest ion production occurs in the central
core of the air flow. The results of computational modelling of the ion
distribution and of the air flows is consistent with the observed performance
improvement of the low pressure design using the 22mm diameter cartridge.

As discussed previously the low pressure design can be improved
further by adding an inlet adapter to direct air away from the central axis of
the cartridge. The resuitant air flow is then typically as shown in figure 2. As

previously described, this can improve the performance by a further 30%.
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In normal use an ionising cartridge Is held about 25-50cm from a
surface to be discharged. The output nozzle is pointed more or less
perpendicular to the surface and the cartridge is swept from side to side to
bathe the whole surface with ions and to blow dust away with the air stream.
With the ionisation devices described above the central core of the air
stream contains most of the ions which is the part of the air stream
transported most effectively to the work surface. In conventional designs the
majority of the ions can be on the outside of the air stream and can be lost
or may never reach the work surface.

The external air stream from a gun or cartridge of the preferred
embodiment is represented in figure 7. The nature of the external air fiow
was computed using computational fluid dynamics software. Figure 7 shows
an output nozzle 28 from which is emerging high velocity air comprising a
region 29 shaded in dark grey which Is substantially rich in ionisation, a
perimeter region 30 which is substantially deficient in ions and external air 31
which is unshaded which is swept into and becomes entrained and mixed
into the perimeter region of the air flow. The air stream is directed to a
charged work surface 32 at which ionisation Is attracted to the surface and
the charge on the surface is eliminated. It wili be seen that only air in the
core region comes into contact with, or in close proximity to the work surface.
Air in the perimeter region mixes with the outside air which becomes
entrained and causes the air stream to broaden and siow down in the
perimeter region. Results of computational air flow modelling are consistent
with the observed performance improvement when the ionisation
concentration in the core region of the air stream is maximised.

The surface of the work to be treated can be highly charged. This
causes an electric field to exist between the ionising cartridge and the work
surface. The positive and negative ions Iin the air stream are attracted or
repelled by this field depending on whether the surface is positively or

negatively charged. The size of the field depends on the amount of charge

on the work surface. It also depends on the surface construction and

whether it is earthed. A charged, earthed, painted metal surface (Figure 8a)
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acts like a capacitor with the negative charge on the painted surface causing
an opposite charge to be drawn up from the earth onto the metal beneath.
The surface has no net positive or negative charge and most of the field
ines of force go between the front and back of the painted surface with few
ines of force extending outwards towards the cartridge. At the painted
surface though a lot of static charge and a very strong short-range attractive
force is present holding polarised dust particles onto the surface whereas
only a smali electrostatic field force is felt by the ions above the surface. The
field gradient felt by the ions may be only a few tens of volts in practice. The
only way these ions can get to the surface to eliminate the charge is if they
are blown there by the cartridge.

An insulating plastic surface (Figure 8b) on the other hand has a high
net charge and the electrostatic field is large. This can be many tens of
thousands of volts in practice. In this case there is a strong attractive and

repulsive force which draws ions towards or away from the surface. Thus

with the insulating plastic surface the distribution of ions in the air stream is
less Important because ions which are in the perimeter region of the air
stream can stiil be strongly attracted to the work surface.

Therefore, the embodiments described above are particularly suited
to paint spraying applications where coated metal parts are to be painted

although the radioactive guns can be employed in many other circumstances

where surface static needs to be removed.
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1. A surface static reduction device for generating a stream of ionised
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air comprising a cartridge having a chamber with an inlet for
communication with a pressurised air supply and an outlet for the stream of

ionised air. the chamber containing at least one radioactive source for
ionising air within the chamber characterised in that the cartridge is
arranged to produce a stream of ionised air having a core region and a
perimeter region with the average ion concentration in the core region
being greater than the average ion concentration in the perimeter region.

2. A surface static reduction device as claimed in claim 1,
characterised in that the diameters of the internal surface of the radiation
source, the diameter of the output nozzle and the output of the input nozzie
are matched to produce an internal operating air density which Is
substantially independent of the feed line air pressure and which causes
ion overlap to occur in the centre of the cartridge to achieve a core region
in which the ion production rate is substantially higher than in the perimeter
region.

3. A surface static reduction device as claimed in claims 1 and 2 in
which the diameter of the outlet nozzle is larger than the diameter of the
inlet nozzle so as to produce an operating condition in which the internal air
density inside the cartridge is substantially independent of the feed line air

pressure.

4. A surface static reduction device as claimed in claims 1 to 3 in which

the ratio of the output nozzle diameter to the input nozzle diameter is in the

range 1.2-14.
o. A surface static reduction device as claimed in claim 4 in which the
ratio of the output nozzle diameter to the input nozzle diameter Is

approximately 1.3.

6. A surface static reduction device as claimed in any one of the
preceding claims, in which the internal operating air density is such that the

maximum path length of the of alpha particles from the source is between
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0.55 - 0.85 of the internal diameter of the source (or if the source is planar,
that fraction of the average height of the air space above the source

7. A surface static reduction device as claimed in claim 6, in which the
internal operating air density is such that the maximum path length of the
of alpha particles from the source is between 0.65 - 0.8 (more preferably

about 0.75) of the internal diameter of the source, (or if the source is

planar, that fraction of the average height of the air space above the
source

8. A surface static reduction device as claimed in any one of the
preceding claims, in which the ratio of the internal diameter of the
radioactive source to the output nozzie diameter is in the range 2.5 - 4.5,

9. A surface static reduction device as claimed in claim 8, in which the
ratio of the internal diameter of the radioactive source to the output nozzle
diameteris in the range 3 -4

10. A surface static reduction device as claimed in claim 9, in which the
ratio of the internal diameter of the radioactive source to the output nozzle
diameter is 3.5

11. A surface static reduction device as claimed in any one of the
preceding claims, in which the ratio of the internal diameter of the
radioactive source to the output nozzle diameter is in the range 2.5 - 4.5.
12. A surface static reduction device as claimed in claim 11, in which
the ratio of the internal diameter of the radioactive source to the output
nozzle diameter is in the range 3-4.

13. A surface static reduction device as claimed in claim 12, in which
the ratio of the internal diameter of the radioactive source to the output
nozzle diameteris 3.5.

14. A surface static reduction device as claimed in any one of the
preceding claims, in which the internal diameter of the source or the
internal diameter of the cartridge is in the range of 12mm to 22mm.

15. A surface static reduction device as claimed in any one of the
preceding claims, characterised in that the at least one radioactive source

iIs mounted on a wali or holder which is substantially concentric with the
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chamber and which divides the chamber into two air paths an inner ionising
air path and an outer path.

16. A surface static reduction device as claimed in any one of the
preceding claims, characterised in that an adapter is provided adjacent the
inlet whereby the adaptor includes a deflector for defiecting a least a
portion of the incoming air away from the central axis of the cartridge
towards the perimeter region to maximise the air flow volume and velocity
IN the perimeter region and to reduce air recirculation.

17. A surface static reduction device for generating a stream of ionised
air comprising a cartndge having a chamber with an inlet for
communication with a pressurised air supply and an outlet for the stream of
ionised air, the chamber containing at least one radioactive source for
lonising air within the chamber whereby the cartridge is arranged to
produce a stream of ionised air and is characterised by further including a
deflector adjacent the inlet for deflecting at least a portion of the incoming
air away from the central axis of the cartridge towards a perimeter region to
maximise the air flow volume and velocity in the perimeter region and to

reduce air recircufation inside the cartridge.
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