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(54) PORTABLE PLASMA JET HAND TOOL
(57) A portable plasma jet hand tool for gliding arc
type of plasma jets is provided which comprises a casing
(12), a handle (14), a power supply (16), a high voltage
generator (18) configured to draw power from the power
supply (16). The high voltage generator (18) is configured
to connect to at least one pair of opposing electrodes
(30a, 30b) in aninner bore (28) of a nozzle (26) attached
to the casing (12). An at least partially integrated, gas
source (20) is attached to or integrated in the casing of
the hand tool. The gas source (20) is connected to a gas
delivery channel (22) within the casing (12). The gas
source (20) may comprises an air source which is con-
figured to provide gas via the gas delivery channel (22)
into the inner bore (28) when the nozzle (26) is attached
to the casing (12). The voltages applied by the high volt-
age generator to each pair of electrodes (30a, 30b) gen-
erates an electric field across the inner bore (28) of the
nozzle and causes an electrical discharge of the gas or
air in the nozzle so that it emerges from the nozzle as a
plasma jet. The nozzle (26) may be changed for a nozzle
for a different type of plasma discharge in some embod-
iments, to allow the tool to be easily reconfigured for a
variety of different uses. In some embodiments, the tool
is configured to provide at least a gliding arc-type plasma
jet discharge which advantageously does not require a
hose connection to an external working gas source as
air or an internal gas canister may be used.
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Description

[0001] The disclosed technology relates to a portable
plasma jet hand tool for arc plasma and to related as-
pects. In particular, but not exclusively, to a plasma jet
hand tool configured to generate a gliding arc plasma jet
suitable for one-handed operation, in other words, which
can be operated whilst being held in one-hand. For ex-
ample, in some embodiments, the same hand can both
hold the tool and turn on a working gas supply and ignite
the working gas, and may even, in some embodiments,
adjust the gas flow rate and working temperature in some
embodiments. In some embodiments, the plasma tool
takes in atmospheric pressure air to use as the working
gas for generating the gliding arc plasma jet. Some em-
bodiments of the disclosed plasma jet hand tool moreo-
ver are configured with a removable nozzle which can
be exchanged for a different type of nozzle allowing the
plasma jet hand tool to be used for generating other types
of plasma jets. The disclosed plasma jethand-tool is com-
pact and uses atmospheric pressure air or an internal
working gas source for the plasma rather. This removes
a need to otherwise be suitably connected to an external
working gas source via a suitable pipeline or hose.
[0002] Plasma tools are known in the art for bonding
and coating but are usually available only in the form of
large, cumbersome, and expensive industrial equipment.
In particular, plasma jets, which are most commonly used
in various industrial processes, for example, which use
gliding arc plasmas, are usually provided as fixed based
industrial equipment and are not provided as mobile
handheld devices. For example, Relyon Plasma GmbH
provides a plasma tool product, which uses as a power
and gas supply module a trolley with a weight of around
60 kg, a width of more than half a meter and a height of
more than one meter. This supplies power to a handheld
device, which is more than half a meter long and requires
two hands for operation. Although not fixed, the machine
manufactured by Relyon Plasma GmbH needs a lot of
power electronics and a compressor, which are mounted
on the cart separate from the handheld device. Such a
portable plasma jet hand tool is not suitable for delicate
tasks such as may be required by some craftsmen and
artisans, who need a smaller, more compact portable
plasma jet hand tool, which may be operated using just
one hand.

SUMMARY

[0003] This summary is provided to introduce simpli-
fied concepts that are further described below in the De-
tailed Description. This summary is not intended to iden-
tify essential features of the claimed subject matter, nor
is it intended for use in determining the scope of the
claimed subject matter. Whilst the invention is defined
by the accompanying claims, various aspects of the dis-
closed technology including the technology claimed are
set out in this summary section with examples of some

10

15

20

25

30

35

40

45

50

55

preferred embodiments and indications of possible tech-
nical benefits.

[0004] A first aspect of the disclosed technology com-
prises a portable plasma jet hand tool configured to pro-
vide at least an arc-type plasma jet discharge such as,
for example, a gliding arc plasma jet. The hand-held port-
able plasma jet hand tool may comprise: a casing com-
prising ahandle; a power supply; a high voltage generator
configured to draw power from the power supply; a re-
movable or fixed nozzle the nozzle comprising at least
one pair of opposing electrodes located in a side-wall of
bore of the nozzle, wherein the at least one pair of op-
posing electrodes are conductively encapsulated within
the side-wall of the bore of the nozzle; a gas source at
least partially integrated in or attached to the casing and
connected to a gas delivery channel within the casing
and configured to provide a working gas via the gas de-
livery channel into an inner bore of the nozzle; wherein,
when the power supply is actuated the high voltage gen-
erator is configured to apply a voltage to the at least one
pair of opposing electrodes to cause an electric field to
be generated across at least a part of the inner bore to
ignite the working gas delivered via the gas delivery chan-
nel into the inner bore.

[0005] A technical benefit ofthe tool is that itis possible
to use a hand-tool without the physical constraints of tak-
ing in air or other working gas from an external source
via a hose connection. The portable plasma jet hand tool
can be held in one hand and used to obtain a gliding arc-
type plasma jet discharge which can be more precisely
controlled by one hand in some situations. The portable
plasma jet hand tool advantageously does not require a
hose connection to an external working gas source as
air is taken in via air-inlets built into the tool body, for
example, the handle or head, or a gas canister which is
directly inserted within the handle or other location of the
tool body may be used instead.

[0006] In some embodiments, the portable plasma jet
hand tool may have a "gun" type configuration where a
working gas source, whether an air inlet in the casing or
a gas canister for a working gas another than air which
is incorporated into a handle of the hand tool allows the
handle of the plasma jet hand tool to be held by a user
with one hand and the tool operated by pressing a trigger
or actuator to both draw gas and ignite the plasma.
[0007] Advantageously, the device is compact, light-
weight and portable. Whilst another hand may be used
to steady or to provide further support when the device
is in use, this is not a requirement. Moreover, prolonged
operation of the device, even when a gliding arc dis-
charge plasmajetis being generated is possible with less
fatigue and more flexibility as there is no need to connect
the hand tool via a hosepipe to an external gas supply.
[0008] In some embodiments, the nozzle is a remov-
able nozzle which is replaceable or interchangeable with
another nozzle configured to provide a different type of
plasma jet from the same type of working gas or a differ-
ent type of working gas.
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[0009] In some embodiments, the nozzle is replacea-
ble with another nozzle having one or more or all of: a
different inner bore configuration to the inner bore con-
figuration of the nozzle being replaced, a different
number of pairs of opposing electrodes to the at least
one pair of opposition electrodes of the nozzle being re-
placed, and a different electrode configuration to the con-
figuration of at least one electrode of the at least one pair
of opposing electrodes of the nozzle being replaced.
[0010] In some embodiments, the other nozzle encap-
sulates at least one pair of opposing electrodes located
within a side wall of a bore of the other nozzle, wherein
the at least one pair of opposing electrodes of the other
nozzle are insulated by their encapsulation, and the port-
able plasma jet hand tool is reconfigured to provide a
dielectric barrier discharge type of plasma jet.

[0011] Embodiments where the nozzle may be ex-
changed for a nozzle for a different type of plasma dis-
charge in some embodiments allow the tool to be easily
reconfigured for a variety of different uses.

[0012] In some embodiments of the disclosed technol-
ogy, a portable plasma jet hand tool comprises a casing
including a handle, a power supply, a high voltage gen-
erator configured to draw power from the power supply,
a removable or fixed nozzle, for example, a nozzle con-
figured to provide a gliding arc plasma discharge, and a
gas source, for example, a gas source integrated in or
attached to the casing, the gas source being connected
to a gas delivery channel of the tool within the casing,
the gas source being configured to provide gas via the
gas delivery channel into an inner bore of the nozzle,
wherein, when the power supply is actuated, the high
voltage generator is configured to apply a voltage to at
least one pair of opposing electrodes provided in aninner
bore of the nozzle which causes an electric field to be
generated across at least a part of the inner bore to ignite
gas delivered via the gas delivery channel into the inner
bore to form a plasma jet.

[0013] In some embodiments of the portable plasma
jet hand tool, the gas provided by the gas source is: air
atatmospheric pressure and/or a gas or gas mixture from
a pressurized container.

[0014] In some embodiments of the portable plasma
jet hand tool, the working gas is air at atmospheric pres-
sure and the gas source provides air drawn in via one or
more air inlets, for example inlets integrated into the cas-
ing, The drawn in air is drawn into the gas delivery chan-
nel under the control of a gas supply controller which
blows the indrawn air along the gas delivery channel into
the inner bore of the nozzle. By drawing the working gas
to the high-voltage region between the opposing elec-
trodes it can be ignited as a plasma. Advantageously, if
the working gas source is an inlet integrated into the cas-
ing if air is used to form a gliding arc plasma, the arc
plasma may be sustained for longer and under safer con-
ditions than if a different working gas is used.

[0015] In some embodiments of the portable plasma
jet hand tool, the gas is a pressurized gas and the gas

10

15

20

25

30

35

40

45

50

55

source provides pressurized gas into the gas delivery
channel under the control of a gas supply controller com-
prising a valve mechanism, wherein actuation of the pow-
er supply also causes the valve to open and release pres-
surized gas into the gas delivery channel to flow towards
the nozzle.

[0016] In some embodiments of the portable plasma
jet hand tool, the portable plasma jet hand tool is config-
ured to be operated as a hand-held tool and the switch
comprises a trigger switch located in the handle of the
casing.

[0017] In some embodiments of the portable plasma
jet hand tool, the power supply is a battery power supply
contained in or attachable to casing...

[0018] Advantageously, by using a battery power sup-
ply, the portable plasma jet hand tool may comprise a
cordless hand-tool in which the outer surface of the cas-
ing maintains a neutral potential due to encapsulation of
the high-voltage parts inside the portable plasma jet hand
tool...

[0019] In some embodiments of the portable plasma
jet hand tool the inner bore of the nozzle is configured to
provide a gas-flow value or values through the gas de-
livery channel and nozzle bore between one of the fol-
lowing ranges: 5 m/s - 50 m/s and 10 m/s - 20 m/s.
[0020] In some embodiments of the portable plasma
jethand tool, two or more pairs of electrodes are enclosed
within the nozzle...

[0021] In some embodiments of the portable plasma
jet hand tool, when the power supply is actuated, electric
components forming the high voltage generator are
cooled by the flow of gas along the gas delivery channel...
[0022] In some embodiments of the portable plasma
jet hand tool, the inner surface of the nozzle is provided
by a non-conductive and heat-resistant casing or lining,
or wherein the material of the nozzle itself is non-con-
ductive and heat-resistant.

[0023] In some embodiments of the portable plasma
jet hand tool the nozzle comprises one or more sensors
which are isolated from the plasma within the nozzle,
wherein the one or more sensors comprise one or more
of the following types of sensors: a temperature sensor,
a voltage sensor, an optical sensor, a gas sensor, e.g. a
humidity sensor, a pressure sensor, and a gas flow sen-
SOr.

[0024] Insome embodiments, the sensors are sensing
the working gas flowing through the nozzle bore.
[0025] In some embodiments, the nozzle comprises
one or more sensors which are isolated from the plasma
within the nozzle body side walls. In some embodiments,
the temperature sensor is configured to detect the tem-
perature of the working gas in the nozzle and/or the tem-
perature of the gas it the source, and/or an ambient at-
mosphere temperature sensor. In some embodiments,
the voltage sensor is configured to sense the voltage
drop between pairs of opposing electrodes. In some em-
bodiments, the optical sensor sense one or more wave-
lengths of light of the discharged plasma. In some em-
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bodiments, the gas sensor sensesif unignited gas is leak-
ing from the hand tool. In some embodiments, the gas
sensor senses one or more characteristics of the gas in
the nozzle and/or from the working gas source, for ex-
ample, the gas sensor may comprise a humidity sensor
in some embodiments, which may, for example, be con-
figured to sense the humidity of the working gas. In some
embodiments, a pressure sensor is configured to sense
the pressure of the working gas as it moves through the
nozzle bore. In some embodiments, the gas flow sensor
is configured to sense the flow of the working gas from
the source and/or through the nozzle.

[0026] In some embodiments of the portable plasma
jet hand tool, the removable or fixed nozzle is a remov-
able nozzle having a first inner bore configuration and
number of electrodes which is interchangeable with at
least one other removable nozzle having a differentinner
bore configuration and/or number of electrodes.

[0027] According to a second aspect of the disclosed
technology, comprises a nozzle configured to be at-
tached to the casing of a hand-held portable plasma jet
hand tool according to the first aspect or one of its em-
bodiments, the nozzle comprising an inner bore, at least
one pair of electrodes configured around the inner bore,
and at least one pair of electrode connectors, wherein
the electrode connectors are configured such that when
the nozzle is attached to the casing body of the portable
plasma jet hand tool and the inner bore of the nozzle is
aligned with a gas delivery channel of the portable plasma
jet hand tool, the connectors of the at least one pair of
electrodes are connected to corresponding leads of a
high voltage generator of the portable plasma jet hand
tool...

[0028] In some embodiments of the nozzle, the nozzle
encapsulates at least one sensor when attached to the
portable plasma jet hand tool body.

[0029] According to another aspect of the disclosed
technology, a pressurized gas canister is configured to
be connected to a plasma jet hand tool according to the
first aspect or one of its embodiments. The disclosed
aspects and embodiments may be combined with each
other in any suitable manner which would be apparent
to someone of ordinary skill in the art.

[0030] According to some embodiments of the dis-
closed technology a portable plasma jet hand tool com-
prises a casing including a handle, a power supply, for
example, a battery such as a high-Amp Lithium recharge-
able battery, a high voltage generator configured to draw
power from the power supply, an interchangeable nozzle,
and a gas source connected to a gas delivery channel
within the casing, the gas source being configured to pro-
vide gas via the gas delivery channel into an inner bore
of the nozzle, wherein, when the power supply is actuat-
ed, the high voltage generator is configured to apply a
voltage to atleast one pair of opposing electrodes located
in the side wall ofaninner bore of the nozzle which causes
an electric field to be generated across at least a part of
the inner bore to ignite gas delivered via the gas delivery
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channel into the inner bore to form a plasma jet. The
working gas may be air at atmospheric pressure and the
interchangeable nozzle may be interchanged to allow the
hand tool to generate different types of plasma jets, for
example, glide arc plasmas and dielectric plasma dis-
charges may be provided by selecting an appropriate
nozzle for the hand tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Some embodiments of the disclosed technolo-
gy are described below with reference to the accompa-
nying drawings which are by way of example only and in
which:

Figure 1 shows schematically a portable plasma jet
hand tool according to some embodiments of the
disclosed technology;

Figures 2A to 2F show an example embodiment of
a nozzle for use in a portable plasma jet hand tool
according to some embodiments of the disclosed
technology;

Figures 3A to 3D show another example embodi-
ment of a nozzle for use in a portable plasma jet hand
tool according to some embodiments of the dis-
closed technology;

Figures 4A to 4F show yet another example embod-
iment of a nozzle for use in a portable plasma jet
hand tool according to some embodiments of the
disclosed technology;

Figure 5 shows an example prior art high voltage
generator circuit diagram suitable for a portable plas-
ma jet hand tool according to some embodiments of
the disclosed technology;

Figures 6A and 6B show schematically examples of
how electrodes may be encapsulated within a nozzle
for a gliding arc plasma jet according to some em-
bodiments of the disclosed technology; and

Figures 7A and 7B show schematically examples of
how electrodes may be encapsulated within a nozzle
for a DBD plasma jet according to some embodi-
ments of the disclosed technology.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] Aspects of the present disclosure will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings. The apparatus and method dis-
closed herein can, however, be realized in many different
forms and should not be construed as being limited to
the aspects set forth herein. Steps, whether explicitly re-
ferred to asuch or ifimplicit, may be re-ordered or omitted
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if not essential to some of the disclosed embodiments.
Like numbers in the drawings refer to like elements
throughout.

[0033] The terminology used herein is for the purpose
of describing particular aspects of the disclosure only,
and is not intended to limit the disclosed technology em-
bodiments described herein. As used herein, the singular
forms"a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates other-
wise.

[0034] One aspect of the disclosed technology relates
to a portable plasma jet hand tool 10 comprising a tool
body casing 12 comprising a handle 14, a power supply
16, a high voltage generator 18, a gas source 20 con-
nected to a gas supply channel 22, the gas source 20
being configured to supply gas via the channel 22 into
an inner bore 28 of a nozzle 26 when the nozzle 26 is
attached to the casing 12 responsive to actuation of an
actuator such as an on/off switch 24. The nozzle 26 in-
cludes at least one pair of electrodes 30 connected to
the high voltage generator. The high voltage generator
applies a high voltage to the atleast one pair of electrodes
30 so as to generate an electric field across at least a
part of the inner bore 28 of the nozzle 26 when the on/off
switch 24 is actuated. This causes gas flowing in the noz-
zle bore 28 to form a plasma as it passes the electrodes
before emerging as a jet from the tip of the nozzle.
[0035] The form factor of the hand-tool removes the
physical constraints of taking in air or other working gas
from an external source via a hose connection which
might otherwise be required to obtain gliding arc-type of
plasma jets. The portable plasma jet hand tool can be
held in one hand and used to obtain a gliding arc-type
plasma jet discharge which can be more precisely con-
trolled by one hand in some situations as it is less un-
wieldy than tools that need a hose connection to an ex-
ternal working gas supply. The portable plasma jet hand
tool of the disclosed technology advantageously does
not require a hose connection to an external working gas
source. Instead, in some embodiments, air is taken in via
air-inlets built into the tool housing, for example, in the
body of the tool, for example, the handle and/or head. In
some embodiments, a different working gas may be used
by inserting a small cartridge or canister type of gas
source into the head and/or handle or other suitable lo-
cation in the plasma tool body. In some embodiments,
the working gas cartridge or canister may be completely
concealed within the handle or other location of the tool
body after it has been inserted. In some other embodi-
ments, however, one or more parts of the gas cartridge
or canister may be exposed in or protrude from the hand
tool in a manner that does not impede how the hand tool
is handled.

[0036] Figure 1 shows schematically an example em-
bodiment of such a portable plasma jet hand tool 10 ac-
cording to the first aspect of the disclosed technology. In
the example embodiment shown in Figure 1, the portable
plasma jet hand tool 10 comprises a detachable nozzle
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22 including a nozzle bore 28 which aligns with a gas
delivery channel 22 formed in the body of the portable
plasma jet hand tool 10 when nozzle 26 is attached to
the casing 12 of the portable plasma jet hand tool 10
using some sort of suitable attachment mechanism (not
shown in Figure 1), for example, the nozzle may screw
or clip on.

[0037] Inthe embodiment shown in Figure 1, an on/off
switch 22 for activating the portable plasma jet hand tool
10 is located on the handle 14 of the tool casing 12 at a
location which preferably allows the or 1. Actuation of the
on/off switch 24 located in the handle 14 causes both the
gas to flow through the nozzle bore 28 and activates the
high voltage generator 18 so as to cause the electrodes
30 to generate an electromagnetic field across the nozzle
bore 28. The on/off switch 22 may be configured as a
trigger in some embodiments and is suitably located in
the casing handle 14 so that the tool can be operated
using one hand. Depressing the switch causes air or
equivalently whatever gas or gas mixture is flowing
through the high voltage region between the electrodes
30 in the nozzle 26 to emerge as a plasma jet from the
nozzle bore 28. Releasing the trigger switch 22 then
causes the gas supply to stop and/or the electrical power
to be cut-off, both of which resultin the plasma jet ceasing
to emerge from the tip of the nozzle 26.

[0038] Additional controls may be provided on the cas-
ing 12in some embodiments to control the gas flow intake
and adjust the voltage generated and applied to the elec-
trodes 30 in the nozzle 26. The electrodes 30 must have
a sufficiently high voltage applied to them to cause the
electromagnetic field in the nozzle bore to generate a
plasma as the gas flows through the nozzle bore 28 and
passes between pairs of electrodes 30. At least one pair
of electrodes 30 must be provided to generate a plasma,
however, in some embodiments, more than one pair of
electrodes is provided in the nozzle bore 26.

[0039] Some embodiments of the portable plasma jet
hand tool are configured to provide one or more types of
plasma jets by using interchangeable nozzles (26). For
example, the portable plasma jet hand too may provide
an arc-type plasma jet discharge such as, for example,
a gliding arc plasma jet in some embodiments where the
hand-held portable plasma jethand tool comprises a cas-
ingincluding a handle which may accommodate a battery
and/or a gas canister in some embodiments. Alternative-
ly, if atmospheric air is the working gas to generate the
plasma, a larger battery may be accommodated within
and/or attached to the handle of the casing. A high volt-
age generator which draws power from the battery power
supply is used to establish a plasma within a nozzle re-
gion of a head of the portable plasma jet hand tool, where
the head of the portable jet hand tool can be directed
towards a working area by a user holding the portable
jet hand tool in one or two hands. The portable plasma
jethand tool has a removable or fixed nozzle, which may
be interchanged for a nozzle of a different type in some
embodiments.
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[0040] The nozzle 26 comprises at least one pair of
opposing electrodes located in a side-wall of bore of the
nozzle. To provide a gliding arc plasma jet, the at least
one pair of opposing electrodes are partially encapsulat-
ed within the side-wall and are partially exposed in the
bore of the nozzle 26 (see also, for example, Figures 6A
and 6B). If a different type of plasma discharge or jet is
to be provided, then a different encapsulation may be
provided in the nozzle. For example, a dielectric plasma
discharge may be provided by fully insulating the encap-
sulation of the nozzle electrodes in the side walls of the
nozzle in some embodiments (see Figures 7A and 7B).
[0041] In some embodiments, the electrodes located
in the side-walls of the nozzle bore are encapsulated by
the nozzle body so that they are not in direct contact with
the working gas as it passed through the nozzle bore.
The leads or the electrodes are exposed through the ex-
ternal side-walls of the nozzle or base of the nozzle in a
suitable manner to form electrical contacts with the leads
864, 86b (see Figures 6A,6B, 7A, 7B) from the high-volt-
age generator.

[0042] The portable hand tool also includes a gas
source, which may be an air inlet or a gas canister. The
gas source is at least partially integrated in or attached
to the casing and connected to a gas delivery channel
within the casing so as provide a working gas via the gas
delivery channel into an inner bore of the nozzle under
the control of a trigger or similar actuator in the handle
of the tool casing. For example, a trigger switch may be
used in some embodiments of the tool to both trigger a
gas flow via the nozzle and/or to ignite the gas to form a
plasma as it flows out of the nozzle 26. In other words,
by suitably positioning a switch to actuate a power supply
for the high voltage generator, a voltage is applied within
the nozzle bore between the at least one pair of opposing
electrodes. This voltage is sufficiently high to cause the
resulting electric field which is generated across at least
a part of the inner bore of the nozzle 26 to ignite the
working gas delivered via the gas delivery channel into
the inner bore.

[0043] In some embodiments, the portable plasma jet
hand tool may have a "gun" type configuration where a
working gas source, whether an air inlet in the casing or
a gas canister for a working gas another than air which
is incorporated into the tool body, for example, into the
handle of the hand tool, allows the handle of the plasma
jet hand tool to be held by a user with one hand and the
tool operated by pressing a trigger or actuator to both
draw gas and ignite the plasma. In other words, a benefit
of the portable plasma jet hand tool is that it allows safe
one-handed operation by a user, even when being used
to generate a gliding arc type of plasma.

[0044] Advantageously, embodiments of the portable
plasma jet hand tool device may be compact, lightweight,
and portable. Whilst another hand may be used to steady
or to provide further support when the device is in use,
this is not a requirement. Moreover, prolonged operation
of the device, even when a gliding arc discharge plasma
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jet is being generated, is possible with less fatigue and
more flexibility as there is no need to connectthe portable
plasma jet hand tool device via a hosepipe to an external
gas supply.

[0045] In some embodiments, the nozzle is a remov-
able nozzle which is interchangeable or replaceable with
another nozzle configured to provide a different type of
plasma jet from the same type of working gas or a differ-
ent type of working gas.

[0046] In some embodiments, the nozzle is inter-
changeable or replaceable with another nozzle having
one or more or all of: a different inner bore configuration
to the inner bore configuration of the nozzle being re-
placed, a different number of pairs of opposing electrodes
to the at least one pair of opposition electrodes of the
nozzle being replaced, and a different electrode config-
uration to the configuration of at least one electrode of
the at least one pair of opposing electrodes of the nozzle
being replaced.

[0047] In some embodiments, the other nozzle encap-
sulates at least one pair of opposing electrodes located
within a side wall of a bore of the other nozzle, wherein
the at least one pair of opposing electrodes of the other
nozzle are insulated by their encapsulation, and the port-
able plasma jet hand tool is reconfigured to provide a
dielectric barrier discharge type of plasma jet.

[0048] The configuration of nozzle electrodes 30 is not
shown in Figure 1, see, for example, Figures 2A to 2F,
Figures 3A-3D, and Figures 4A-4F for various examples
of electrode configurations in the nozzle 26.

[0049] The gas used to form the plasma may be air in
some embodiments, or another type of gas or a gas mix-
ture in other embodiments. The gas source 20 may be
an airintake ifthe gas used is unpressurised air as shown
in Figure 1 or a connected gas canister if the gas is pres-
surized air or another gas or gas mixture, not shown in
Figure 1. If the gas suppled is air, then in some embod-
iments, the gas source 20 may comprise a blower in the
form of an impeller or fan, which may be powered or
controlled via a motor 21. The blower is configured to
draw airvia inlets in the casing 12in from the environment
around the portable plasma jet hand tool 10 and blows
the air along the gas delivery channel 22 into the nozzle
bore 28 of the attached nozzle 26 and past electrodes
30. Advantageously, in embodiments of the plasma tool
10 configured to use ambient air as a gas to supply the
plasma jet, there is noneed to use an external (orinternal)
air compressor or other compressed gas source to gen-
erate sufficient airflow past the electrodes.

[0050] Nonetheless, it is possible in some embodi-
ments for the gas source 20 to be a pressurized gas
source. In some such embodiments, a separate blower
to drive the pressurized gas out along the gas delivery
channel 22 may be not always be required. The gas
source 20 may comprise a canister gas source 20 in
some embodiments, and one aspect of the disclosed
technology accordingly relates to a gas canister config-
ured be connected to a hand held portable plasma jet
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hand tool 10 according to any of the disclosed embodi-
ments.

[0051] Returning to the description of the portable plas-
ma jet hand tool 10 shown in Figure 1, in the illustrated
embodiment, the high voltage generator 18 is located in
the body 84 of the portable plasma jet hand tool 10 and
is configured with leads 86a,86b (see Figures 6A, 6B and
7A and 7B) which are connected to connectors of the
electrodes 30 (shown as a pair of opposite electrodes
30a, 30b in Figures 6A, 6B, 7A and 7B and the figures
2A-F, 3A-D, 4A-F)of nozzle 26 when the nozzle 26 is
attached to the portable plasma jet hand tool.

[0052] In some embodiments, the high voltage gener-
ator 18 is located close to the nozzle 26 so that the length
of the high voltage leads 86a 86b connecting the voltage
generator 18 to the electrodes 30 in the nozzle 26 is as
short as possible. By locating the high voltage generator
in the gas delivery channel 22 it also allows the gas (or
air) stream flowing in the gas delivery channel 22 to chill
the electronic components of the high voltage generator
18. This may prolong their operational lifetimes by pre-
venting overheating from use of the tool 10.

[0053] Although the power source 16 could be a mains
power source in some embodiments, in the embodiment
shown in Figure 1, the power supply 16 is provided by a
battery. Battery technology is continuously improving but
there are currently batteries such as 18 volt rechargeable
battery which have suitable Amp levels, for example,
10Ah, which can support a useful operational time of the
portable plasma jet hand tool. Some embodiments of the
portable plasma jethand tool use one or more high-power
batteries such as, forexample, those of the CAS Cordless
Alliance System™. Typical characteristics of high-power
batteries include the ability to provide e.g. 10Ah at 18V
or up to 3kW. This allows the portable plasma jet hand
tool to be reduced in size to a form factor typically asso-
ciated with those of a handheld electric tool and operated
for substantial periods of time. For example, if an 18V
battery capable of providing 10Ah is used then at 1.5kW
of power up to 7 minutes of continuous operation with a
single battery can be typically obtained before the battery
is exhausted in normal use of the plasma hand tool, and
setting up for lower power consumption would corre-
spondingly extend the operation time per battery charge.
[0054] Advantageously, the use of a battery as apower
source also allows the portable plasma jet hand tool to
be operated as a portable hand-held tool and used in
environment where no mains power is available. The
portable plasma jet hand tool 10 battery may be charged
within the tool or externally.

[0055] As shown in Figure 1, the portable plasma jet
hand tool 10 has a nozzle 26 is detachable and which
may be interchanged with nozzles 26 having different
internal and/or external configurations, such as the noz-
Zle described in more detail later below in relation to Fig-
ures 2A-2F, 3A-3D, and 4A-4F.

[0056] The gas supply channel 22 may be cylindrical,
but may have other configurations, so long as a minimal
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obstruction to the airflow is ensured. The cross section
may particularly be different in the nozzle region (for ex-
ample, see the example nozzle bore 28 having a rectan-
gular cross section as shown schematically in Figures
4A-4F).

[0057] The centers of the cross sections of the gas
delivery channel and nozzle bore are aligned at the point
where nozzle and portable plasma jet hand tool body
connect to each other. In some embodiments the gas
delivery channel inner dimensions and/or nozzle bore
inner dimensions are uniform in diameter along the lon-
gitudinal direction/axis of the bores. However, in some
embodiments, the inner dimensions of the gas delivery
channel and/or the nozzle more are not uniform along
the longitudinal direction/axis of the bores. For example,
the nozzle bore 28 may taper or otherwise change its
cross-sectional area in the nozzle region in some em-
bodiments. Nonetheless, the cross section of the nozzle
bore 28 is dimensionally configured in such a way that
the electrode tips protruding into the gas delivery channel
do not impede the airflow to any significant degree. In
other words, a constriction within the gas delivery chan-
nel should not be formed by the electrodes emerging
from the inner nozzle bore wall whilst still allowing the
electrodes to be sufficiently close enough to ignite an
electric discharge in the air or whatever gas or gas mix-
ture is flowing past due to the high-voltage drop in the
region of the nozzle bore between the electrodes. Exam-
ples of suitable airflow velocities along the gas delivery
channel 22 from the air inlet to the nozzle tip outlet may
range from 5 m/s to 50 m/s, but is preferably between 10
m/s and 20 m/s. In some embodiments, the supply 20 is
configured to generate a sufficient high airflow speed top
results in an overpressure upstream from the nozzle.
[0058] Another aspect of the disclosed technology re-
lates to a nozzle 26 configured to be attached to the cas-
ing 12 of a hand-held portable plasma jet hand tool 10
according to any of the disclosed embodiments. The noz-
zle 26 comprises at least an inner bore 28 to which case
is delivered by the gas delivery channel 22 when the noz-
zle is attached to the portable plasma jet hand tool 10,
at least one pair of electrodes 30 configured around the
inner bore 28, at least one pair of electrode connectors,
wherein the electrode connectors are configured such
that when the nozzle is attached to the casing body 12
of the portable plasma jet hand tool 10 so that the inner
bore 28 of the nozzle 12 is aligned with the gas delivery
channel 22, the connectors are in contact with leads of
the high voltage generator 18 of the portable plasma jet
hand tool 10.

[0059] Turning now to Figures 2A-2F, 3A-3D, and 4A-
4F, these illustrate example embodiments of such a noz-
zle 26 which may be removable from the portable plasma
jet hand tool 10 and replaced with a nozzle of the same
or a different nozzle configuration. For example a nozzle
according to the example embodiment illustrated in Fig-
ure 2A-2F may be replaced with a nozzle according to
the embodiments illustrated in Figures 3A to 3D or 4A to
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4F. All of the example embodiments of nozzle 26 illus-
trated in Figures 2A-2F, 3A to 3D, and 4A to 4F are con-
figured such that the inner nozzle bore 28 does not overly
constrict the airflow which ensures a sufficiently high air-
flow velocity and volume flow through the nozzle 26 to
form the plasma jet. When the nozzle 26 shown in any
of these figures is attached to the plasma tool, an elec-
trical connection is formed between the high voltage gen-
erator 18 of the portable plasma jet hand tool 10 and the
electrodes 30 located in the nozzle body, namely, elec-
trodes shown as 30a, 30b, in Figures 2A-2F and 4A-4F,
and the electrodes shown as 30a-30d in Figures 3A-3D.
The high voltage generator applies a sufficiently high-
voltage so that the electromagnetic field which forms
across the nozzle bore 28 causes an electrical discharge
in the gas flowing between each pair of electrodes such
that the resulting plasma then emerges from the nozzle
26 in the form of a plasma jet.

[0060] The connection leads to the electrodes are lo-
cated far enough apart to avoid arcing between the leads,
in other words, further apart then the electrodes might
be in any given configuration. This minimizes capacitive
losses between the leads for non-RF operation frequen-
cies. In some embodiments, the high voltage, HV, leads
are positioned on opposite sides of the gas channel,
whereas all non-HV connections are located at approx.
equal distance to opposing HV leads. In some embodi-
ments, for example, one HV electrode is located on the
one side of the channel or bore in the nozzle side wall
and one is located on the opposite side of the channel
or bore via which the working gas passes before exiting
the nozzle as a plasma and all other contacts can be
located at the top or at the bottom of the electrodes lo-
cated in the nozzle. In this way, different nozzle heads
with different electrode configurations can be used with
the same plasma hand tool body for gliding arc and re-
lated technologies as well as, in some embodiments,
DBD or Corona plasmas.

[0061] Figures 2A to 2F show different views of a first
example embodiment of a nozzle 26 for use in a portable
plasma jet hand tool 10 according to some embodiments
of the disclosed technology. Figure 2A shows a 3D cut-
away view in which nozzle 26 has been cut in half along
the longitudinal axis 32 of the inner bore 28 of nozzle 26.
The cut-away view shows the longitudinal axis 32 from
A-A’ of the nozzle bore 28 as well as the two electrodes
30a, 30b disposed on opposite sides of the nozzle bore
28. Figure 2B shows the same cut-away view of Figure
2B in two-dimensions as a planar cut through the nozzle
26 and also shows the nozzle bore 28 disposed between
the two electrodes 30a, 30b. Figure 2C shows the view
of the nozzle looking down from the top end A’, where
the nozzle tapers inwards at its tip to form a dielectric
body 36 and also shows how electrodes 30a, 30b extend
through surface 38 of the inner bore 28 of the nozzle 26
and protrude into the airflow from within the nozzle jacket
34. Figure 2D shows the view from the other end A of
nozzle 26 in which the electrodes 30a, and 30b are shown
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in relation to a sensor cavity 40. Sensor cavity 40 is also
shown in Figure 2E, which presents a different 3D side
cut through the nozzle 26 from that shown in Figure 2B.
As shown in Figure 2E, the sensor cavity 40 extends
longitudinally off the central longitudinal axis 32 of the
nozzle bore 28. Air (or whatever gas or gas mixture is
being used) flows along the bore in the direction A to A’
through the nozzle 26. Figure 2F shows a 3D view of the
nozzle shown in Figures 2A to 2E from end A.

[0062] In some embodiments of the portable plasma
jet hand tool 10, the inner surface of the nozzle 26, i.e.
the surface of the nozzle bore 28, is provided by a non-
conductive and heat-resistant casing.

[0063] In some embodiments, the electrodes 30 of the
nozzle are encapsulated as shown in Figures 2A-2F to
avoid any need for a ground connection. This allows, the
portable plasma jet hand tool to be safely used as a cord-
less hand-tool. The outer surface of the casing 12, which
forms the tool handle, maintains a neutral potential as a
result of the encapsulation.

[0064] Figures 2E and 2F illustrate schematically how
a sensor cavity or chamber 40 is provided in some em-
bodiments within nozzle 26 to house one or more sensors
so thatthey are isolated from the plasma within the nozzle
26. For example, by being provided in a sensor chamber
40 which is isolated from the plasma by being encased
within the nozzle side-wall as shown in, for example, the
nozzle as illustrated in Figures 2A to 2F the sensors will
be electrically isolated and so protected from the high
voltage electrodes used to generate the electrical fields
which ignite the plasma as well as from any sparks which
may also be generated.

[0065] In some embodiments, however, the nozzle 26
and/or the plasma hand tool 10 instead or in addition are
provided with other sensors, some or all of which may
not completely isolated or which are house elsewhere
along the gas supply channel 22. Examples of sensors
which may be located within a cavity or chamber in the
nozzle 26 or elsewhere in some embodiments include
one or more of the following types of sensors: a temper-
ature sensor; a voltage sensor; and gas flow sensor. The
gas flow sensor may be located within the gas supply
channel 22 (also referred to herein as gas delivery chan-
nel 22). This frees up some space within the nozzle 26
for housing other sensors.

[0066] Figures 3A to 3D show a second example of a
nozzle 26 for use in a portable plasma jet hand tool 10
according to some embodiments of the disclosed tech-
nology where two pairs of electrodes are arranged
around the inner bore 28 of nozzle 26. For example, as
shown schematically in Figures 3A to 3D, the nozzle 26
is configured to have four electrodes 30a-30d arranged
around the longitudinal axis 32 of the nozzle which are
completely encased within the nozzle 26 and are equally
spaced radially around the central longitudinal axis A-A’.
Gas flows infrom end Aand is ignited as it passes through
the region between the four electrodes 30a, 30b,30c, and
30d, before emerging as a plasma jet at end A’. Figure
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3A shows a side view of the nozzle 26 showing a sensor
chamber 42, which is open at the nozzle base end A, but
otherwise encapsulated within the nozzle sidewalls. The
nozzle 26 shown in Figures 3A to 3D externally has a
tapered nozzle tip 34 with a nozzle bore 28 having a
uniform diameter which is aligned with gas delivery chan-
nel 22 in use such that there is no obstruction to the gas
delivered via the gas delivery channel 22 which flows
from end A to end A’ of the nozzle as shown.

[0067] In Figure 3A justtwo of the four electrodes (the
electrodes labelled 30a and 30b) are shown. Figure 3B
shows another side view of the nozzle 26 shown in Figure
3A in which a tip of a third electrode 30c is shown pro-
truding into the nozzle bore 28 between electrodes 30a
and 30b. Figure 3C is a plan view facing down from the
nozzle tip, in other words looking down along nozzle bore
28 along axis 32 from the nozzle end A’. Figure 3C shows
how the nozzle tip tapers inwards towards the open gas
delivery channel 22 and also shows four electrodes 30A,
30B, 30C and 30D protruding slightly through the noz-
zle’s inner surface into the nozzle bore 28... Figure 3D
shows a view of nozzle 26 from the end A, which is con-
figured to engage with the portable plasma jet hand tool
casing 12. As shown in Figure 3D, the four electrodes
30A-30D are shown arranged at right angles around and
protruding into nozzle bore 28. Figure 3D also shows
schematically the location of the sensor chamber 42
which in a similar manner to that shown in figures 2A to
2F extends longitudinally offset from the inner bore 28 of
the nozzle 26.

[0068] Insome examples, however, instead of protrud-
ing into the nozzle bore 28, the electrodes 30a-30d may
be flush with or encapsulated within the bore sidewall(s).
The encapsulation is conductive in some embodiments,
thus improving the characteristics of a gliding arc plasma
discharge or similar type of plasma discharge from the
nozzle of the portable plasma jet hand tool. Alternatively,
in some embodiments, the nozzle encapsulation of the
electrodes is insulating, which allows the tool to be used
as a portable plasma jet hand tool for a dielectric barrier
discharge (DBD) plasma. In some embodiments, chang-
ing a nozzle providing insulating encapsulation of a first
configuration of a plurality of electrodes within the nozzle
bore sidewalls to another nozzle providing conductive
encapsulation of a second configuration of a plurality of
electrodes within the bore sidewalls changes the type of
plasma jet discharged from the nozzle of the plasma jet
hand tool. In this way, the type of plasma jet discharged
from the tool can be changed by selecting a different type
of nozzle, allowing the same plasma jet hand tool body
to be used for both an arc-type plasma discharge, for
example, a gliding arc plasma discharge, and dielectric
barrier discharge plasmas, depending on which type of
nozzle has been attached to the tool housing head.
[0069] Figures4Ato4F show yetanotherexample em-
bodiment of a nozzle for use in a portable plasma jethand
tool 10 according to some embodiments of the disclosed
technology, which differs from the example nozzle of Fig-
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ure 2A to 2F in that the nozzle bore 28 is non-cylindrical.
As shown in Figure 4A, the nozzle bore 28 is formed by
a rectangular cavity within the cylindrical nozzle body,
and when attached to the portable plasma jet hand tool
10, the gas delivery channel 22 of the portable plasma
jet hand tool 10 is aligned with the nozzle bore 28.
[0070] In the example nozzle 26 shown in Figures 4A
to 4F two electrodes 30a, 30b are shown located in the
nozzle sidewall and disposed on opposite sides so that
when the high voltage generator 18 of the plasma hand
tool 10 is connected to the electrodes an strong enough
electromagnetic field is formed in the nozzle bore to
cause the gas flowing through the nozzle bore to ignite
and form a plasma which then discharges from the nozzle
tip atend A’

[0071] Figure4Ashows a 3D side view cutoutof nozzle
26, Figure 4B shows a 2D view of the nozzle shown in
Figure 4A, Figure 4C shows a 2D view of the nozzle from
its base end A (the end which attaches to the casing 12
of the plasma hand tool) and Figure 4D shows a three-
dimensional view of the nozzle depicted in Figure 4C.
Figure 4E shows the view of the nozzle at the opposite
end to open tip end A’, from which the plasma jet emerg-
es, which is shown in Figure 4F.

[0072] As shown in Figures 4A to 4F, the electrodes
30a and 30b do not protrude significantly into the rectan-
gular nozzle bore 28 so as to ensure the gas or flow is
not obstructed. The nozzle bore 28 is dimensioned to
cause the gas or air flowing past the electrodes 30 to
ignite an electrical discharge in the gas or air as it flows
through the nozzle bore 28. It will be appreciated that the
gas or air may also include a gas mixture (which may
also be a gas and air mixture) in some embodiments.
[0073] In some embodiments of the portable plasma
jet hand tool 10, the embodiments as shown in Figures
2A to 2F, Figures 3A to3D, and Figures 4A to 4F, the
portable plasma jet hand tool 10 comprises a nozzle 26
which is replaceable, in other words, the nozzle 26 is
removable from the casing 12 of the portable plasma jet
hand tool 10 and different types of nozzle may be con-
figured to be interchangeable on the same body of the
portable plasma jet hand tool 10.

[0074] Any suitable high voltage generator circuit may
be used to form the high voltage generator 18 which ap-
plies the high voltages to electrodes 30 in the nozzle 26
when the nozzle 26 is attached to the portable plasma
jet hand tool body.

[0075] Figure 5 shows an example circuit schematic in
which the required high voltage potentials are produced
using a Flyback-type circuit. As shown in Figure 5, the
current passing through the primary side of a high voltage
transformer 70 is switched by a power transistor 64 such
as a metal-oxide semiconductor field-effect transistor or
an insulated gate bipolar transistor, with a freewheeling
diode 68 for reverse voltage protection. The high pulse
currents upon charging and discharging the transistor
gate with a pulse-width modulated signal 50 requires a
suitable driver component e.g. as an integrated circuit
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(IC, not shown) or implemented by a pair of bipolar tran-
sistors 56,58 in push-pull configuration. Typical safety
features include a resistor 52 limiting signal currents on
the input side of the driver component 56,58 another limit
resistor 60 on the output side between driver components
56,58 and main transistor 64, as well as a Zener diode
54 on the input side of the driver components 56,58 and
aZenerdiode 62 on the gate contact of the main transistor
64.

[0076] A wide variety of other suitable circuits for the
high voltage generation other than the circuit diagram of
Figure 5 are also known in the art, for example, a popular
alternative that is both robust and efficient, is given by
the Mazzilli Zero Voltage Switching Flyback Converter,
which has been disclosed many times, e.g. in "Design
and Development of a Series-Configuration Mazzilli Zero
Voltage Switching Flyback Converter as a High-Voltage
Power Supply for Needleless Electrospinning" by Hapi-
din et al, which was published by Elsevier in Procedia
Engineering 170 (2017 ) 509 - 515 as part of the Engi-
neering Physics International Conference 2016, DOI:
10.1016/j.proeng.2017.03.081

[0077] Another aspect of the disclosed technology re-
lates to a nozzle 26, such as the examples of Figure
which is configured to be attached permanently or re-
movabley to a casing 12 of a hand-held portable plasma
jet hand tool, for example, such as the portable plasma
jet hand tool 10 shown in Figure 1.

[0078] In some embodiments, the nozzle comprises a
portion of the gas delivery channel 22, a connected noz-
zle bore and at least two electrodes 30a, 30b configured
to form a high electric field across the nozzle bore, and
power connector(s). When attached to the casing body
24 of the portable plasma jet hand tool 10, the part of gas
delivery channel 22 formed in nozzle 26 is aligned with
the portion of the gas delivery channel 22 formed in the
body of the portable plasma jet hand tool and the at least
two electrodes are configured to receive power from the
portable plasma jet hand tool via the power connection.
Any suitable power connection mechanism may be used.
Furthermore, some embodiments of a removable nozzle
may encompass parts of the electronic sensor or control
circuitry, or parts of the electronics generating the high
voltage.

[0079] Figures 6A and 6B show schematically exam-
ples of how the electrodes 30a 30b of the nozzle 26 for
a gliding arc set up are embedded within insulating en-
capsulation 80 forming the nozzle side-wall or are em-
bedded within an insulating liner of the bore 28 of nozzle
26. The insulating encapsulation 80 prevents the high-
voltage electricity from going anywhere other than into
the working gas to generate the plasma. As shown in
Figures 6A and 6B, an outer conductive encapsulation
82 surrounds the insulating encapsulation to prevent HV
arcing, in other words, to prevent electricity leaking out-
side the nozzle. In Figures 6A and 6B, leads 86a embed-
ded in the insulating encapsulation emerge and pass via
the body 84 of the plasma hand tool to the HV generator
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10

18 to provide electricity to the electrodes 30a, 30b. In
some embodiments, additional leads 86¢,d (not shown
in Figures 6A-6B) may be provided to accommodate pos-
sibly different electrode configurations and/or numbers
of electrodes, e.g. 30c, 30d. The conductive surface 82
encapsulates the entire nozzle in some embodiments to
provide a safety feature which reduces or prevents any
HV arcing or leaking to the outside of the hand-tool hous-
ing.

[0080] Figures 7Aand 7B are similar to Figures 6A and
6B but show schematically examples of how the elec-
trodes 30a 30b of the nozzle 26 for a DBD plasma jet are
fully embedded within insulating encapsulation 80 of the
nozzle wall or fully enclosed within an insulating liner of
the bore 28 within nozzle 26 in some embodiments of
the disclosed technology. Alternatively, or in addition, a
separate layer or similar form of electrode insulation may
be provided, for example, a glass or ceramic tube over
the electrode may be used to provide insulating encap-
sulation over the electrodes in some embodiments (not
shown in Figures 7A or 7B). The insulating encapsulation
which surrounds the electrodes previous the high-volt-
age electricity from going anywhere other than into the
working gas to generate the plasma. As shown in Figures
7A and 7B, an outer conductive encapsulation surrounds
the insulating encapsulation to prevent electricity leaking
outside the nozzle 26 and/or HV arcing.

[0081] In Figures 6A and 7A the leads 86a, 86b are
configured to engage via the base of the nozzle with the
electrodes whereas in Figures 6B and 7B the leads 86a,
86b engage via the bottom of the side-walls with the elec-
trodes. It will be apparent to any one of ordinary skill in
the art that a variety of different configurations, including
the leads 86a, 86b in the body 84 of the hand tool con-
necting with the electrodes 30a, 30b via leads within the
nozzle 26 are possible.

[0082] Different types of nozzle may require different
operating parameters (frequency, duty cycle, voltages...)
in some embodiments. If so, then in some embodiment
the different operating parameters may be programmed
through electronic components within the nozzle. This
allows a user to simply swap nozzles for different appli-
cations and the nozzle and plasma jet will be adapted for
any new operational requirements without the need to
change any settings or otherwise manipulate the device
[0083] Changing the nozzles may change the plasma
jet configuration so that a different shaped jet is provided.
If the electrodes or sensors in the nozzle fail, for example,
due towear, instead of changing the entire portable plas-
ma jet hand tool 10, just the nozzle 26 needs to be re-
placed. For example, in some embodiments, where noz-
zle (12) encapsulates at least one sensor when attached
to the portable plasma jet hand tool body, it may be de-
sirable for some applications to use a more sensitive tem-
perature sensor or more sensitive airflow sensor. Noz-
zles may also be changed for different applications.
[0084] While embodiments of the inventive concepts
are illustrated and described herein, the device may be



19 EP 4 221 467 A2 20

embodied in many different configurations, forms and
materials. The present disclosure is to be considered as
an exemplification of the principles of the inventive con-
cepts and the associated functional specifications for
their construction and is notintended to limit the inventive
concepts to the embodiments illustrated. In other words,
in the drawings and specification, there have been dis-
closed exemplary aspects of the disclosure. However,
many variations and modifications can be made to these
aspects, which fall within the scope of the accompanying
claims. Thus, the disclosure should be regarded as illus-
trative rather than restrictive in terms of supporting the
claim scope which is not to be limited to the particular
examples of the aspects and embodiments described
above. The invention which is exemplified herein by the
various aspects and embodiments described above has
a scope which is defined by the following claims.

Claims

1. A portable plasma jet hand tool (10) configured to
provide at least a gliding arc-type plasma jet dis-
charge, the hand-held portable plasma jet hand tool
(10) comprising:

a casing (12) comprising a handle (14);

a power supply (16);

a high voltage generator (18) configured to draw
power from the power supply (16);
aremovable or fixed nozzle (26) the nozzle com-
prising at least one pair of opposing electrodes
(30a, 30b) located in a side-wall of bore (28) of
the nozzle, wherein the at least one pair of op-
posing electrodes are conductively encapsulat-
ed within the side-wall of the bore (28) of the
nozzle;

a gas source (20) at least partially integrated in
or attached to the casing (12) and connected to
agasdelivery channel (22) within the casing (12)
and configured to provide a working gas via the
gas delivery channel (22) into an inner bore (28)
of the nozzle (26;

wherein, when the power supply is actuated the
high voltage generator (18) is configured to ap-
ply a voltage to the at least one pair of opposing
electrodes (30a, 30b) to cause an electric field
to be generated across atleast a partofthe inner
bore (28) to ignite the working gas delivered via
the gas delivery channel (22) into the inner bore.

2. The portable plasma jet hand tool (10) of claim 1,
wherein the nozzle is a removable nozzle which is
replaceable with another nozzle configured to pro-
vide a different type of plasma jet from the same type
of working gas or a different type of working gas.

3. Theportable plasma jet hand tool as claimed in claim
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1or2, wherein the nozzle is replaceable with another
nozzle having one or more or all of:

a different inner bore configuration to the inner
bore configuration of the nozzle (26) being re-
placed;

a different number of pairs of opposing elec-
trodes to the at least one pair of opposition elec-
trodes (30a, 30b) of the nozzle (26) being re-
placed; and

a different electrode configuration to the config-
uration of at least one electrode of the at least
one pair of opposing electrodes (30a, 30b) of
the nozzle (26) being replaced.

The portable plasma jet hand tool as claimed in any
one of claims 1 to 3, wherein the other nozzle en-
capsulates at least one pair of opposing electrodes
located within a side wall of a bore (28) of the other
nozzle (26), wherein the at least one pair of opposing
electrodes of the other nozzle are insulated by their
encapsulation, and the portable plasma jet hand tool
is reconfigured to provide a dielectric barrier dis-
charge type of plasma jet.

The portable plasma jet hand tool of any one of
claims 1 to 4, wherein the working gas is air at at-
mospheric pressure and the gas source (20) pro-
vides air drawn in via one or more air inlets in the
casing (12) into the gas delivery channel (22) under
the control of a gas supply controller (21) and blows
the indrawn air along the gas delivery channel (22)
into the inner bore (28) of the nozzle (26).

The portable plasma jet hand tool of any one of the
claims 1 to 5, wherein the gas is a pressurized gas
and the gas source (20) provides pressurized gas
into the gas delivery channel (22) under the control
of a gas supply controller (21) comprising a valve
mechanism, wherein actuation of the power supply
also causes the valve to open and release pressu-
rized gas into the gas delivery channel (22) to flow
towards the nozzle (26).

The portable plasma hand jet tool (10) of any one of
the previous claims, wherein the power supply is a
battery power supply (16) contained in or attachable
to casing (24).

The portable plasma jet hand tool (10) of any one of
the previous claims, wherein the inner bore (28) of
the nozzle (26) is configured to provide a gas-flow
value or values through the gas delivery channel (22)
and nozzle bore (28) between one of the following
ranges: 5 m/s - 50 m/s; and 10 m/s - 20 m/s.

The portable plasma jet hand tool (10) of any one of
the previous claims, wherein two or more pairs of
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electrodes (30a, 30b, 30c, 30d) are enclosed within
the nozzle (26).

The portable plasma jet hand tool (10) of any one of
the previous claims, wherein when the power supply
is actuated, electric components forming the high
voltage generator (18) are cooled by the flow of gas
along the gas delivery channel (22).

The portable plasma jet hand tool (10) of any one of
the previous claims dependent on claim 4 or claim
4, wherein the inner surface of the other nozzle (12)
is provided by a non-conductive and heat-resistant
casing or lining, or wherein the material of the nozzle
itself is non-conductive and heat-resistant.

The portable plasma jet hand tool (10) of any one
previous claims, wherein the nozzle (26) comprises
one or more sensors which are isolated from the
plasma within the nozzle (26), wherein the one or
more sensors comprise one or more of the following
types of sensors:

temperature sensor;
voltage sensor;
optical sensor;

a gas sensor;

a humidity sensor;
pressure sensor;
gas flow sensor.

The portable plasma jet hand tool (10) of any one of
the previous claims, wherein the removable or fixed
nozzle (26) is a removable nozzle having a firstinner
bore configuration and number of electrodes which
is interchangeable with at least one other removable
nozzle having a different inner bore configuration
and/or number of electrodes.

A nozzle (26) configured to be attached to the casing
(12) of a hand-held portable plasma jet hand tool
(10) according to any one of claims 1 to 13, the nozzle
(26) comprising:

an inner bore (28);

at least one pair of electrodes (30a,30b) config-
ured around the inner bore (28);

atleast one pair of electrode connectors, where-
in the electrode connectors are configured such
thatwhen the nozzle is attached to a casing body
(12) of a portable plasma jet hand tool (10) ac-
cording to any one of claims 1 to 12, the inner
bore (28) of the nozzle (12) is aligned with a gas
delivery channel (22) of the portable plasma jet
hand tool and electrical connectors of the atleast
one pair of electrodes (30a, 30b) are connected
to corresponding leads of a high voltage gener-
ator (18) of the portable plasma jet hand tool

10

15

20

25

30

35

40

45

50

55

12

(10),wherein the nozzle (12) encapsulates at
least one sensor when attached to the portable
plasma jet hand tool body.

15. A pressurized gas canister configured to be connect-

ed to a portable plasma jet hand tool (10) according
to any one of claims 1 to 13.
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