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the electrode tip is fusion wekded either direcily or indirecily 10 the eleciode bods.
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& mathod of improving the service

1ife of & plagma torch electrode

The present invention relates to plasma torches
and, in particular, to a methed of improving the
gexvice life of electrodes, especially stub-ended
electrodes.

A plasma torch will typically comprise an anode
electrode or a cathede electrode. The electrode
comprises an electrode tip portion which, in use, may
eppose the electrode tip portion of ancther slectrode
of opposite charge. On application of a voltage
across the electrode tips, a plasma arc can be
generated in the space therebetween, In & twin plasma
torch apparatug, the twoe torches are oppositely
charged, i.e. one has an anods elactrede and the other
& cathode electrode. In such an apparatus, the arcs
generzted by each electrcde are coupled together in 2
coupling zone remcte from the two torches. Plasma
gases may be passed through esch torch and are ionised
to form a plasma which concentrates in the coupling
zone, eway from torch tnterference. The material to
ba heated/melted is directed inte this coupling zone
wherein the thermal energy in the plasma is
transferred to the material. Twin plasma prccessing
can occur in open or confined processing zones. Twin
plasma apparatus are often used in furnace
applications and have been the supject of previous
patent applications, for example EP 0 398 699 and
Us 5 256 855,

Stub-ended electrodes may be used to act as the
anode electrode in a plasma torch assembly, for
example a twin toich assembly. The stub end acts as

the electrode tip and may be made of, for example,

JP 2004-503065 A 2004.1.29
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copper, silver or alloys thereof and is mounted on the
electrode body. The elsctrode body 1s alsc formed
from a metal or alloy and, in use, there is therefors
an electrical contact between it and the stuk end.

It has been found that the service lifs of a
stub-ended slectrode may be predicted by assessing the
distortion of the front face of the tip, which is
thought to reduce the effectiveness of the cooling.

Conventicnal manufacture of a stub-ended
electrode invelves soldering the front face attachment
to eithexr the electrede body or a tip holder portion
thereof.

The inwventors have founad that by fusien welding,
for example electron beam welding, the mating surfaces
together surface distortion on the front face of the
stub end can been reduced with the corcllary of a
service life prediction improvement of up to ten times

compared with the prier art electrodes.

Rocordingly, the present invention provides an
electrode for a plasma torch comprising an electrode
body and an electrocde tip, wherein the electrods tip
is fusicn welded either directly or indirectly to the
electrads body.

The electraode tip is preferably electron beam
welded either directly or indirectly teo the electrode
body, although it may also bes laser welded.

Electron basm welding is a fusion welding
technique which involves heating the metal components
by a concentrated focussed beam of slectrons,
preferably in vacuo. The metal components themselves
are melted locally at the joint without the use of a

JP 2004-503065 A 2004.1.29
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filler metal. This is in contrast te the conventional
soldering and brazing technigues.

Typically, the slectrode will comprise a body
having an eiectrcde tip holder pertion, wherein the
electrode tip is fusion welded to the elecirode tip
holder portion. The body may comprise a metal
housing, wherein the electrede tip holder portion is
mounted on the metal housing., It will ke appreciated
that there is electrical contact between the housing,
the tip holder and the electrode tip.

In a preferred embodiment, the electrode tip is a
stub-~ended tip. 5Such a tip may take the form of a cap
with a substantially planar front face, from where the
plasma is generated. The tip may be dimensioned to be
mounted on the electrode body or tip holder portion
thergof and secured in place by fusion welding,

preferably electron beam welding.

The electrode tip will generaily be formed from a
metallic material such as, copper, tungsten or silwver,
including zlloys of one or more thereof. Examples of
alloys include copper-ailver, tungsten-copper,
tungsten-silver and tungsten-copper-silver. Other
alements may also ke included.

The electrode may advanitagecusly be used as an

anode electrode.

The prasant invention also provides a plasma

torch having an electrode as herein described.

The present invention also provides a plasma twin
torch assembly ¢omprising an anode electrode as herein

described and a cathode electrode.

JP 2004-503065 A 2004.1.29
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In a second aspect of the present invention,
there is provided a process for the manufacture of an
electrode for a plasma torch comprising an electrode
body and an electrode tip, which process comprises the
step of fusion welding the electrode tip, either
directly or indirectly, to the electrcde body.

Tie step of fusion welding is preferably electren

beam welding and is prefersbly performed in wacue.

in a third aspect of the present invention, there
is provided a method of improving the service life of
an electrode comprising an electrode body and an
electrode tip, which method comprises jeining, either
directly or indirectly, the electreds tip te the
electrode body by fusion welding, preferably electron
beam welding. The electrode is advantagecusly an
anode electrode and preferably has a2 stub-ended
electrode tip.

The method of the praeseant invention is
particularly applicable to improving the service life
of anode electrodes, particularly ancde electrodes
used for applications requiring current levels of

approximately 3000 A or above.

The present invention will now be described
further, by way of example, with reference to the
following figures in which:

Figure 1 (a} is a schematic illustration of a
stub-ended electrode tip mounted on an electrode tip
holder;

Figure 1 (b} schematically illustrates the
distortlon of the front face of the stub end which

OCCULS iR USE;

JP 2004-503065 A 2004.1.29
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Pigure Z is a cross section of an ancde torch
assembly;

Figure 3 is a cross gection of an aneode elesctrode
medule of the torch assembly of Figure 2; and

Figure 4 is a graph showing a compariszon betweean
the performance of an ancde tip according te the prior
art, which hss been jeoined to an elecirods body by
brazing, and an ancde tip accerding to the present
inventien, which has been joincsd by celectron beam
welding.

With reference to Figure 1 {2), there is shown an
alectrode 40 for a plasma torch which comprises an
electrode tip holder 41 and a stub end electrode tip
42. The body (not shown) comprises a metal housing,
on to which is mounted the electrode tip holder 41.

It will be appreciated that there is electrical
contact batween the housing, the tip holder 41 and the
electrade tip 42.

The stub-endec tip 42 is in the form of a cap
with a substantially planar front fece 43, from where,
in wse, the plasma is generated. The open snd of the
stub-ended tip 42 has a diameter that is larger than
the diameter of the end of the tip holder 41 and thus
the tip 42 can be mounted therzover. The stub-ended
tip 42 is joined to the tip holder 41, at the
overlapping porticns, by fusion welding, preferavly by
electron beam welding.

In use, the stub-endesd tip 42 is subjected to
vary high temperatures and this can reswlt in
distortion of the front face ¢3. In particular, the
front face 43 tends to bow outwardly, perhaps due to
the softening of the tip material 42 (see Figure 1

PCT/GBI/NI)93
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{bY). It has been found that the service life of a
stub-ended eleckrode may be predicted by assessing the
distortion of the front face, which is thought to
reduce the effectiveness of the cooling. Accordingly,
a reduction in the distortion of the front face is a
geslderatumn. In the present invention this ds
achieved, surprisingly, by Jjeining the stub end to the
electrode body/tip holder by fusion welding,
preferably electron beam welding.

Figure 2 is a cross section of an assembled anode
20 torch assembly. This is of modular construction
comprising an electrode module 2, & nezzle module 3, a
shroud module ¢4, and a electrodes gnide module 5. The
electrode module 2 is in the interior of the torch 20.
The electrode guide module 5 and the nozzle module 3
are axially spaced apart surrounded the slectrode
module 2 at losations aleong its length. At least the
distal end {i.e. the end from which plasma ig
discharged from the torch} of the slectrode module 2
is surrounded by the nozzle moduls 3. The proximal
end of the electrods module 2 1s housed in the
electrode guide medule 5. The noz:zle module 3 is
housed in the shroud module 4.

Sealing between the various modulss and alsc the
module elements is provided by “0“ rings. For sxample,
“O* rings provide seals bhetween the nozzle module 3
and both the shroud module 4 and s2lectrode guide
mocdule 5. “0" rings are shown as small filled circles

within a chamber.

The torch 20 has ports for entry of proceas gas
and shroud gas respectively. Entry of process gas is
towards the proximal end of the torch 20. Process gas
enters a passage between the electrode 2 and the
nozzle 3 and travels towards the gdistal end of the

JP 2004-503065 A 2004.1.29
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torch 20, In this particular embodiment, shroud gas
is provided at the distal end of the torch 20, This
keeps shroud gas away from the electrode and is
particularly sdvantageous when using a shroud gss
which may degrade ths electrode module 2, &.¢. oXygen.
However, in other embodiments, the shroud gas could

enter towards the proximal end of the torch 20.

A specific embodiment of the construction of the
electrode module 2 1s shown in Figure 3. The anoede
electrode module 2 of Figure 3 typically comprises a
copper or silver electrode “stub ended” tip 21 mounted
onte a copper electrode tube holder 22Z. The fube

holder 22 is mounted onto z metal howsing 23.

The ftorch 20 may be used in a twin plasma torch
assembly, in both cpen and confined processing zone
chambers.

Figure 4 shows a comparison between the
performance of an anode electrode tip according to the
present invention and one according to the prior art.
It is clear that the damage to the anede tip, which
occurs during uwse, is far less for the electron heam
welded ancde tip compared with the pricr art brazed
ancde tip. It is also clear that the predicted
sexvice life for the slectrode tip according te the
present inventicn is improved significantly compared
with the pricr art.

JP 2004-503065 A 2004.1.29
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CLATMS:
1. An electrode for z plasma torch comprising

an electrode body eand an electrode tip, wherein the
electrede tip is fusion welded either directly or

ingirectly to the electrode body.

2. An electrode as claimed in claim 1, wherein
the electzode tip is electron beam welded or laser
welded aither directly or indirsctly to the elgctrods
baody.

3. An electrede as claimed in claim 1 or ¢laim
2 comprising a body having an electrode tip holder
portion, wherein the electrode tip is fusion welded to

the electrode tip holder portion.

4. An electrode as claimed in claim 3, wherein
the body comprises a metal houszing and wherein the
electrode tip holder portion is mouvnted on the metal
housing.

5. An electrode as claimed in any one of the
preceding claims, wherein the electrode tip is a stub-

endad tip.-

6. An electrode as claimed in any one of the
preceding claims, wherein the electrede tip comprises
a metal or alley selected from one or mors of copper,
tungsten and/ocr silver.

7. An slectrode as clajmed in any cone of the

preceding ¢laims which is an anode electrode.

8. A plasma torch having an electrode as
defined in any one of claims 1 to 7.

JP 2004-503065 A 2004.1.29
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9. & plasma twin teorch assembly comprising an
anode eleactrode as defined in elaim 7 and a cathode
elactrode.

10. A pracess for the manuiacture of an
electrode for a plasma torch comprising an electrode
body and an electrode tip, which process comprises the
step of fusicn welding the eiectrode tip, either
directly or indireetly, to the electrode body.

11. B process as claimed in claim 10, wherein
the step of fusion welding is schieved by slectron
Lean welding or laser welding,

12. A process as claimed in clalm 10 or claim
11, wherein the electrode comprises a body having an
electrede tip holder porticm, and wherein the
elsctrode tip is fusion welded teo the electirode tip

holder porticn.

13. A process as claimed in claim 1Z, wherein
the body comprises a mztal housing and wherein the
electrode tip holder pertion is mounted on the metal
housing.

id4. A process as claimed in any one of claims 10
to 13, wherein the electrode tip is a stub-ended tip.

15. A process as claimed in any one of claims 10
to 14, wherein the electrode tip comprises a metal or
alloy selected from one or both of copper, tungsten

and/or silver.

16. A process as claimed in any cne of claims 10
to 1§, wherein the step of fusion welding is performed

in vacuo.

JP 2004-503065 A 2004.1.29
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17. A methed of improving the service life of an
electrode for a plasma torch, the zlectrode comprising
an electrode body and an electrode tip, which method
comprises joining, either directly or indirectly, the

glectrede tip to the electrede body by fusion welding.

18. A method as claimed in claim 17, wherein

fusion welding is achieved by electron beam welding.

19. & methed zs claimed in claim 17 or claim 18,
wherein the electrode is an anode electrode and the
electrode tip is a stub-ended tip.

JP 2004-503065 A 2004.1.29
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