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Description

METHOD OF MANUFACTURING AN ELECTRODE FOR A SURGE ARRESTER,
ELECTRODE AND SURGE ARRESTER

The present disclosure relates to a method of manufacturing
an electrode for a surge arrester or a surge arrester, an

electrode for a surge arrester and a surge arrester.

Surge arresters or comparable devices are known from DE 10

2005 036 265 Al and DE 197 41 658 Al, for example.

Surge arresters can be used in electrical components to
protect sensitive component circuits from voltage or current
surges - e.g. of a nearby lightning stroke - or other

unwanted discharges.

Stacked gas-filled surge arresters usually comprise arrester
units being filled with gases e.g. such as noble gases. When
a voltage is applied to such an arrester unit that exceeds a
specific spark-over voltage, then the resistivity of the
arrester unit decreases and the arrester unit becomes
conducting. In other words, the arrester unit is activated.
When the voltage applied to the arrester unit falls below a
specific arc voltage, then the resistivity again increases
and the arrester unit becomes isolating again, i.e. the

arrester unit is deactivated.

Surge arresters usually connect sensitive circuits to ground.
However, if the voltage level of the sensitive circuit
relative to the ground potential after activating the
arrester unit exceeds the arc voltage of the arrester unit,

then the resistivity of the arrester unit cannot increase and
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the arrester unit stays in its conducting state. Thus,
arrester units can be stacked - i.e. cascaded in a series
configuration - to increase the possible operating voltage of

the sensitive circuit.

It is an object of the present disclosure to present an
improved electrode for a surge arrester, whereby also the

surge arrester can be improved.

This object is achieved by the subject-matter of the
independent claims. Advantageous embodiments and refinements

are subject-matter of the dependent claims.

One aspect relates to a method of manufacturing an electrode,
e.g. for a surge arrester, or a surge arrester comprising the
steps of providing an electrochemical cell with an electrode
body and an electrolyte solution which is suitable for a
nickel deposition, wherein the electrolyte solution comprises
at least one of or more of magnesium sulphate such as MgSQO,,
sodium sulphate such as NaSO: and/or sodium chloride (NaCl).
The term “suitable” may mean that the electrolyte solution
can generally be used or allows for a nickel deposition.
Expediently, the electrode body may, function as a cathode in
the electrochemical cell. In this respect, the electrolyte
solution may further comprise a solvent and a precursor for
the nickel deposition. The method further comprises
electrolytically coating the electrode body with a coating
comprising nickel to form the electrode for the surge

arrester.

In an embodiment, the electrolyte solution and/or the coating
is configured such that the surface of the coating comprises

a reduced wettability. Said reduced wettability of the
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coating may particularly relate to a lower wettability for a
solder as compared to nickel, such as to a nickel surface.
The term “nickel” used as a reference in this respect, shall
e.g. indicate a (reference) nickel coating which is,
preferably, not a so-called dark or black nickel coating but
which may be a conventional or elementary nickel coating or a
bright nickel coating, possibly comprising brighteners or

being deposited with the aid of brighteners.

The electrolytic coating of the electrode body may be or
comprise plating such as nickel-plating of the electrode

body.

In an embodiment of the method, a surface of the electrode
body is made of copper (Cu). Thereby, the electrode may be
made of copper as a whole. Alternatively, a bulk of the
electrode body may comprise or consist of one or more,
further electrode materials. An advantage of a copper
electrode or an electrode comprising a copper surface is the

low cost and good electrical conductivity.

In an embodiment of the method, the electrolytically applied
coating is a dark nickel coating. According to this
embodiment, the coating can, advantageously, be embodied such
that the surface of the coating comprises a reduced
wettability, such as a lower wettability for a solder as
compared to nickel (see above). Particularly, the coating
applied as a dark nickel coating enables the wettability of
the coating to be lower for a solder, such as a hard solder,
as compared to nickel. The wettability of the presented
coating may, advantageously, prevent the flow of the solder
from a sealing or solder joint of the arrester to an

electrode or discharge gap thereof.
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In an embodiment of the method, the electrolyte solution
comprises nickel sulphate hexahydrate such as NiSO; with 6H:0
and boric acid such as H3BO3;. According to this embodiment, a
precursor for the nickel deposition can be provided, on the
one hand. On the other hand, the boric acid may,
advantageously, function as a further additive for the
deposition of the coating, particularly as a solvent or a

further additive.

A further aspect of the present disclosure relates to an
electrode for the surge arrester comprising an electrode body
and a coating. The coating is electrically conductive and
comprises nickel and an additive. Expediently, the coating
has metallic properties. The additive is, preferably, a non-
metallic additive. Alternatively, the additive may be a
metallic additive. The additive may be present in the coating
in traces only. The coating, particularly the additive, is
further configured such that the surface of the coating
comprises a reduced wettability, such as a lower wettability
for a solder as compared to nickel as mentioned above.
According to this embodiment, the electrode, advantageously,
allows for an improved fabrication and/or thermal capability
of the surge arrester. Further, an improved soldering of the
electrode to, e.g., the solder of an insulator of the surge

arrester can be achieved.

A further aspect of the present disclosure relates to a surge

arrester comprising the electrode.

Gas-filled surge arrester for protection of AC and DC power
network against direct lightning strikes should have a high
surge current capability. In particular, surge currents of

the waveform 10/350 ps should be reliably arrested or
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discharged. The thermal load during such surges can lead to
melting of the electrodes, particularly with often used
copper electrodes, and/or can lead to the evaporation of
electrode material. Thus, there is a significant risk of
short-circuits to occur due to the reduction or narrowing of
the discharge gap caused by said evaporation or by the re-
deposition of electrode material. Furthermore, the voltage
protection level may rises due to coverage of ignition aids
of the arrester (see below), e.g. at a wall of an insulator.
Moreover, according to the present disclosure, the usage of
expensive tungsten-copper alloys for the electrodes can,

advantageously, be prevented, for example.

The aim or function of the present disclosure may be directed
to the increase of the thermal capability of the arrester

electrodes, particularly in a cheap and easy way.

Compared to copper, nickel has a much higher melting point
(nickel: 1455 °C, copper: 1085 °C) and an increased thermal
Stress capability. Thus, melting of the electrode or
evaporation of electrode material can be avoided by the use
of nickel for the electrode. The drawback of normal nickel-
plated electrodes, however, is that the silver-copper alloy
which may be used for the sealing of gas-filled surge
arresters may have a very low viscosity on the nickel-plated
surface, so that it can easily flow away from the sealing
junction. In other words, the wettability of a nickel surface
for silver-copper solders is normally quite high. Therefore,
the risk of leaky surge arresters is increased. According to
the present disclosure, this drawback can, advantageously, be

avoided by the application of the presented electrode.
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Additionally, said electrode allows for rendering the surge
arrester less prone to damage or malfunction. For example,
the capacity of the arrestor for surge currents in terms of
the thermal load of the arrestor can be improved by the

provision of the electrode.

A copper electrode or copper electrode surface would - due to
the lower melting point or sublimation point of copper as
compared to nickel - tend to the evaporation or melting of
the electrode material during a large thermal or surge
current load of the arrestor. This problem can be avoided by
coating of the electrode with nickel. Nickel electrodes,
however, pose the disadvantage that a solder comprises a
significantly lower viscosity at a nickel surface, wherein
the solder can easily flow or run out of the soldering area
or joint. In other words, a conventional nickel surface
comprises a higher wettability for the solder, e.g. a silver-
copper alloy and/or eutectic, whereby the arrester may become
leaky. This disadvantage can be overcome by the provision of
the described coating, particularly the dark nickel coating,
as the wettability of the solder can be controlled and the
flowing of the solder out of the joint and e.g. into an area
of the gap of the main electrodes of the arrestor can be
avoided. At the same time, the advantages of a greater
capacity for thermal loads and/or search currents as

mentioned above can be exploited.

In an embodiment of the electrode, the coating is an

electrolytically deposited layer.

In an embodiment of the electrode, the thickness of the
coating ranges from 5 to 20 pm, preferably from 6 to 10 um.

This embodiment may, particularly, be expedient and
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advantageous in terms of an economic deposition of the
electrode body or fabrication of the electrode or the surge
arrester. At the same time, a continuous coating of the

electrode can, advantageously, be performed.

In an embodiment of the electrode, the surface of the coating
comprises a lower free electron density as compared to a
nickel surface. The free electron density may, in this
regard, relate to the gquasi-free electron density of the
respective metal. An indicator for a lower free electron
density of the coating, particularly an indicator of a dark
nickel coating, is the dark, grey or dull colour of the
coating. The reflectivity of the coating may be correlated to
the free electron density, as a material such as a metal with
a usually high reflectivity usually comprises a greater free
electron density. As the dark nickel coating comprises a
lower reflectivity, a lower number of free electrons may be
present at the surface of the dark nickel coating. Said lower
free electron density of the dark nickel coating may, in
turn, be correlated to the wettability of the solder on the

respective surface.

In an embodiment of the electrode, the additive comprises
sulphur and/or chlorine which effects the reduction or
lowering of the wettability of the surface of the coating for
the solder. The sulphur and the chlorine may be residues from
the electrolyte solution during the manufacturing or
fabrication of the electrode and/or the coating of the

electrode body.

In an embodiment of the electrode, the sulphur of the
additive is present in the surface of the coating between

0.05 and 0.2 weight percent.
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In an embodiment of the electrode, the chlorine of the
additive is present in the surface of the coating between 0.1

and 0.3 weight percent.

In an embodiment of the electrode, the contact angle formed
by the solder at a temperature of 800 °C on the surface of
the coating is greater than the contact angle of the solder
formed on a nickel surface not comprising the additive and/or
not being a dark nickel surface. Said nickel surface may be
the above mentioned reference nickel. According to this
embodiment, it can particularly be achieved that, even at a
temperature of 800 °C, the viscosity or wettability of the
solder on the coating during a soldering of the electrode
e.g. to an insulator of the surge arrester as mentioned
above, is fairly low and a flowing or running of the solder
into the discharge gap of the electrode of the surge arrester

can be avoided (see above).

In an embodiment of the electrode, the coating is free of
copper. This embodiment is, particularly, expedient as copper
comprises a lower melting point compared to nickel and
thereby the above-mentioned disadvantages of copper as an

electrode material can be avoided.

In an embodiment of the electrode, the solder is a hard
solder, e.g. a hard solder comprising silver (Ag) and copper
(Cu). Particularly, the solder may be an alloy or eutectic
compound of 72 at% of silver and 28 at% of copper. The
melting point of said compound may be, or be about, 780 °C.
Expediently, the insulator may be provided with the solder.
This embodiment allows, in combination with at least the
previously described embodiment that the wettability of the

solder on the coating or the electrode is moderate even at
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temperatures at which the electrode is soldered or connected

to further components of the arrestor such as an insulator.

A further aspect of the present disclosure relates to an
electrolyte solution for an electrochemical cell, the
electrode solution comprising nickel sulphate hexahydrate

such as NiSQO4; with 6H,0 and boric acid such as H3BOs.

In an embodiment of the electrolyte solution, the electrolyte
solution comprises magnesium sulphate such as MgSQO,, sodium

sulphate such as NaS0QO; and/or sodium chloride (NaCl).

A further aspect of the present disclosure relates to the
coating, particularly the dark nickel coating, and the use of
said coating for or for a component of the electrode for the

surge arrester.

As the electrode is intended for use with the surge arrester
and as the surge arrester may comprise the electrode,
features which are described above and below in conjunction
with the electrode may also relate to the surge arrester and
vice versa. Moreover, the features mentioned in conjunction
with the method may relate to those of the electrode or the

surge arrester and vice versa.

Features which are described herein above and below in
conjunction with different aspects or embodiments, may also
apply for other aspects and embodiments. Further features and
advantageous embodiments of the subject-matter of the
disclosure will become apparent from the following
description of the exemplary embodiment in conjunction with

the figures, in which:
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Figure 1A shows a schematic cross-sectional view of a single

unit of a surge arrester.

Figure 1B shows schematically a portion of Figure 1A in

greater detail.

Figure 2 shows a schematic cross-section of a stacked surge

arrester.

Figure 3 shows a schematic perspective view of a stacked

surge arrester.

Like elements, elements of the same kind and identically
acting elements may be provided with the same reference

numerals in the figures. Additionally, the figures may be not
true to scale. Rather, certain features may be depicted in an
exaggerated fashion for better illustration of important

principles.

Figure 1A shows schematically a cross-section of a surge
arrester 100 embodied with a single arrester unit. The surge
arrester 100 comprises a first electrode 10 with a first
electrode body 1 (see also below). The surge arrester 100
further comprises a second electrode 20 with a second

electrode body 2 (see also below).

The first electrode body 1 and the second electrode body 2
are, preferably, made of Cu or predominantly comprise copper.
Preferably, the electrode bodies have a copper surface

However, said electrode bodies may also comprise further
electrode materials such as a nickel/iron (NiFe) alloy or

compound.
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The first electrode body 1 and the second electrode body 2
are arranged symmetrically in Figure 1A. The first electrode
body 1, as well as the second electrode body 2, are
configured to form a discharge or main gap 3 of the surge
arrester. In the gap 3, the first electrode body 1 and the
second electrode body 2 are spaced at a minimal distance from
each other. The surge arrester 100 further comprises two
insulators 4 or two parts of one insulator 4 which are shown
in Figure 1A. The insulators 4 may be made of a ceramic. The
two insulators 4 laterally separate the first and the second
electrode bodies 1, 2 in lateral areas beside the gap 3, i.e.
left and right in the cross section of Figure 1A. Originating
from such an area, wherein the first electrode 1 and the
second electrode 2 are separated by the insulators 4, the
first and the second electrode bodies 1, 2 extend towards
each other and/or towards an interior of the surge arrester
100. The first and the second electrode bodies 1, 2 are

tapered in order to approach each other to form the gap 3.

The surge arrester 100 further comprises an ignition aid 7
encompassing two parts arranged at the insulators 4 and at
each lateral side of the gap 3. The ignition aid 7 may be
arranged on or at the insulators 4 such that the gap 3 is
arranged between said ignition aid or said parts. Between the
first electrode body 1 and the second electrode body 2, as
well as between the insulators 4, or as the case may be, the
ignition aid 7, a gas may be arranged which may be
electrically dischargeable by a current pulse or current
load, caused by a lightning strike e.g., during an operation
of the surge arrester 100. The gas or filling gas may
comprise hydrogen (Hz;). In the case, wherein the first and
second electrode bodies 1, 2 are made of a NiFe alloy, the H;

of the filling gas poses disadvantages as it may be absorbed
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by the NiFe electrodes and said electrodes may degenerate by

said absorption.

However, in the case that the first and the second electrode
1, 2 are made of copper, hydrogen is, preferably, applied as
a filling or discharge gas as copper hardly absorbs hydrogen.
Alternatively, nitrogen may be applied as a filling gas,
wherein a larger arc or discharge voltage may be obtained

during an operation of the surge arrester 100.

The arrester 100 further comprises a cavity 9. The first and
the second electrode bodies 1, 2 and the insulators 4 define
the cavity 9. The surge arrester 100 or the cavity 9 of the
surge arrester 100 is, expediently, filled with a gas 8. Said
cavity 9 is further preferably sealed and/or configured to be

gas-proof.

The presented surge arrester 100 is, preferably, designed for
an overvoltage or surge current protection of
telecommunication devices against lightning strikes. The
surge current capacity of the surge arrester may, thereby, be
adjusted to a current of 4 kA and a wave form of 10/350 us.
The first value of said specification may relate to the slope
or increase duration of a DC current, while the second value
(350 ps) of said specification may relate to the half-life
duration or half value period of the respective surge current

pulse caused by the lightning strike.

Preferably, the surge arrester 100 is provisioned for a

protection of devices against DC currents.

The ignition aid 7 may, particularly, ease or accelerate the

process of gas discharging by a distortion of the resgpective
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electric field. Further, the average of the arc voltage or of
the distribution of said voltage may be reduced by the

provision of the ignition aid.

The generation of heat or heat development during the
described surge current loads on the surge arrester 100 may
cause the electrode material of the mentioned electrode
bodies 1, 2 to melt or evaporate. Such an evaporation can
cause shortcuts in the surge arrester 100 and/or the
narrowing of the gap 3. Thereby, the protection level of the
surge arrester 100 may be increased due to the evaporation of
electrode material, wherein the ignition aid 7 and/or the

insulators 4 may be coated by said electrode material.

Figure 1B shows a part of the surge arrester 100 shown in
Figure 1A in greater detail. Particularly, it is shown that
the first electrode body 1 and/or the second electrode body 2
may comprise or be coated with a layer or coating 6.
Preferably, the coating 6 extends over the whole surface of
the first and the second electrode bodies 1, 2. The coating 6
is, preferably, applied to or deposited onto the first and
the second electrode bodies 1, 2 by means of an electrolytic
method (see below) in order to form the first and the second
electrode 10, 20 of each of the electrode bodies 1, 2,
respectively. Said application or deposition may pertain to a

plating process.

The insulator 4 comprises a solder 5. The solder 5 may be a
solder layer. In Figure 1B, the solder 5 and the coating 6
are in contact, preferably soldered or brazed to each other
such that the electrode bodies 1, 2 are mechanically
connected to the insulator 4. The insulator 4 may be pre-

coated or prefabricated with the solder 5. The solder 5 may
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be a hard solder such as an alloy of silver and copper.
Preferably, the solder 5 is a eutectic compound comprising 72
at % of silver and 28 at % of copper. Said compound may have
a melting point of or of about 780 °C. During the fabrication
of the surge arrester 100, the first and the second electrode
10, 20 are, preferably, hard soldered to the insulator 4 at a

temperature of, e.g. 800 °C.

Prior to the soldering, the electrode bodies 1, 2 are
preferably, coated with the coating 6. The coating 6
comprises nickel. Preferably, the coating 6 is a nickel
coating. Preferably, the coating 6 is, further, a dark nickel

coating.

The electrode bodies 1, 2 are, preferably, electrolytically
coated with the coating by means of an electrochemical cell
(not explicitly shown) and an electrolyte solution (not
explicitly shown) which is suitable or allows for a nickel
deposition. Said coating process is, preferably, a special

wet chemical electrolytic process.

The electrode bodies 1, 2, may act as a cathode during the
electrolytic deposition of the coating on the electrode

bodies 1, 2.

For the electrolytic deposition, the electrolyte solution,
preferably, comprises at least one or more of magnesium
sulphate such as MgS0O, with 7 parts H;0, sodium sulphate such
as NaSO; and/or sodium chloride (NaCl). Preferably, the
electrolyte solution further comprises nickel sulphate
hexahydrate such as NiS0O;*6H;0 and boric acid such as H3;BOs;.

The nickel sulphate hexahydrate is, preferably, present at a
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concentration of or of about 230 g/l, while the boric acid

is, preferably, present at a concentration of 40g/1.

The coating 6 is, preferably, chosen or deposited such that
the surface (not explicitly indicated) of the coating 6
comprises a lower wettability for the solder 5 as compared to
nickel or a reference nickel surface, preferably at a
temperature at which the electrodes are soldered to the
insulator 4 during a fabrication or manufacturing of the

surge arrester 100.

Preferably, the surfaces of the electrode bodies 1, 2 are

made of copper.

The coating is, expediently, electrically conductive,
comprises metallic electrical properties and comprises, in
addition to nickel, an additive which may comprise sulphur
and chlorine. The lowering of the wettability of the surface
of the coating for the solder may be achieved by the presence
of the additive and/or the provision of the dark nickel for

the coating of the respective electrode.

The sulphur for the additive is, preferably, present in the
surface of the coating between 0.05 and 0.2 weight percent.
On the other hand, the chlorine in the additive 1is,
preferably, present in the surface of the coating between 0.1
and 0.3 weight percent. Said percentages may be rendered by
means of an element analysis, e.g. x-ray fluorescence. In
this regard, the term “in the surface” may indicate that said
elements are detectable in the coating (or a surface thereof)
up or down to a thickness corresponding to the characteristic
active sampling or detection thickness of said element

analysis.
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Preferably, the surface of the coating comprises a lower free
electron density as compared to a nickel or reference nickel

surface.

Preferably, the contact angle formed by the solder at a
temperature of 800 °C or at that temperature at which the
electrode is soldered to the insulator 4, on the surface of
the coating 6, is greater than the contact angle of the
solder formed on a nickel surface not comprising the additive

and/or not being a dark nickel surface.

Preferably, the coating is, furthermore, free of copper.
Thereby, it may be avoided that the copper of the electrode
melts or evaporates as a consequence of a lightning strike or
a surge current or the respective thermal load. Nickel, on
the other hand, does not evaporate that easily due to the
greater melting point of nickel as compared to copper. The
surface roughness of the coating may further be greater or
smaller than the surface roughness of the reference nickel
surface not comprising the additive and/or not being a dark
nickel surface, for example. The coating may further comprise
a thickness between 5 and 20 um, preferably between 6 and 10
pm. The surface of the coating 6 may further be configured
such that the wettability of the coating 6 or its surface for
the solder 5 is reduced or lower than the reference nickel
surface. The surface of the coating 6 thereby, preferably,
inherently emerges by the above-mentioned electrolytic

method.

The coating 6, particularly the embodiment as dark nickel
coating effects the reduced wettability of the solder 5 on
the coating during the mentioned soldering such that said

solder 5 does not flow or run towards a region of the gap 3
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and the surge arrester 100 becomes leaky, e.g. at the lateral
sides of the surge arrester 100, where the insulator 4
contacts the electrodes, respectively. Instead, as the
viscosity or wettability of the solder 5 on the coating 6 is
kept moderate and the advantages of a fairly high capability
for surge currents or thermal loads can be exploited by the

surge arrester 100.

Figure 2 shows a schematic view of a stacked surge arrester
100. In contrast to the one shown in Figure 1A, the surge
arrester comprises a plurality of arrestor units 50 in a
stacked sequence. Exemplarily, three units 50 are shown. By
means of the series of cascaded configuration, the possible
operating voltages of the respective circuits of the surge
arrester 100 can be increased. Particularly. The possible
voltage of the circuit corresponds to the number of arrestor
units multiplied by the arc discharge voltage of each

arrestor unit 50 in the respective embodiment.

Figure 3 shows a perspective view of stacked surge arrester
100 comparable to the one shown schematically in Figure 2.
The surge arrester 100 comprises at least 4 arrester units 50
in a stacked sequence. The surge arrester device 100
comprises an octagonal shape and/or an octagonal front and
end wall. The surge arrester 100 may further comprise one or
more mounting elements (see bottom not explicitly indicated
in Figure 3) which allow for a mounting or fixation to a

telecommunication device, for example.

The scope of protection is not limited to the examples given
herein above. The invention is embodied in each novel
characteristic and each combination of characteristics, which

particularly includes every combination of any features which
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are stated in the claims, even 1if this feature or this
combination of features is not explicitly stated in the

claims or in the examples.



10

15

WO 2015/124393 PCT/EP2015/051733

Reference numerals

First electrode body
Second electrode body
Gap

Insulator

Hard solder

Coating

Ignition aid

O 1 oy O b w N

Gas

9 Cavity

10 First electrode
20 Second electrode

50 Arrester unit

100 Surge arrester



10

15

20

25

30

WO 2015/124393 PCT/EP2015/051733

Claims

1. Method of manufacturing an electrode (10, 20) for a surge
arrester (100) or a surge arrester (100) comprising the steps
of:

- providing an electrochemical cell with an electrode body
(1, 2) and an electrolyte solution being suitable for a
nickel deposition, wherein the electrolyte solution comprises
at least one of or more of magnesium sulphate, sodium
sulphate and sodium chloride; and

- electrolytically coating the electrode body (1, 2) with a
coating (6) comprising nickel to form the electrode (10, 20)
for the surge arrester, wherein the electrolyte solution is
configured such that the surface of the coating (6) comprises

a reduced wettability.

2. Method according to claim 1, wherein a surface of the

electrode (10, 20) body is made of Cu.

3. Method according to claim 1 or 2, wherein the
electrolytically applied coating (6) is a dark nickel

coating.

4. Method according to at least one of the previous claims,
wherein the electrolyte solution comprises nickel sulphate

hexahydrate and boric acid.

5. Electrode (10, 20) for a surge arrester comprising an
electrode body (1, 2) and a coating (6), the coating (6)
being electrically conductive and comprising nickel and an
additive, wherein the coating (6), particularly the additive,
is configured such that the surface of the coating (6)

comprises a reduced wettability.
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6. Electrode (10, 20) according to claim 5, wherein the

coating (6) is an electrolytically deposited layer.

7. Electrode (10, 20) according to claim 5 or 6, wherein the
additive comprises sulphur and/or chlorine which effects the
reduction or lowering of the wettability of the surface of

the coating (6) for the solder (5).

8. Electrode (10, 20) according to claim 7, wherein the
sulphur of the additive is present in the surface of the

coating between 0.05 and 0.2 weight percent.

9. Electrode (10, 20) according to claim 7 or 8, wherein the
chlorine of the additive is present in the surface of the

coating (6) between 0.1 and 0.3 weight percent.

10. Electrode (10, 20) according to at least one of the
claims 5 to 9, wherein the contact angle formed by the solder
(5) at a temperature of 800 °C on the surface of the coating
(6) is greater than the contact angle of the solder (5)

formed on a nickel surface not comprising the additive.

11. Electrode (10, 20) according to at least one of the

claims 5 to 10, wherein the coating (6) is free of Cu.

12. Electrode (10, 20) according to at least one of the

claims 5 to 11, wherein the solder (6) is a hard solder.

13. Surge arrester (100) comprising the electrode (10, 20)

according to at least one of the claims 5 to 12.



WO 2015/124393 PCT/EP2015/051733
1/2

Fig. 1A

100
\

I
Iy

Fig. 1B 10, 20




WO 2015/124393 PCT/EP2015/051733
2/2

Fig. 2

\100

~ 7
LSS LA NS LA N WL

3// \//\2

/< ~ | _—
/)}////)/V / /% L

N J
1,10 2,20 8.9 2

50

Fig. 3

s




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/051733

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1T21/00 C25D7/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1T C25D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4 724 052 A (NIDOLA ANTONIO [IT]) 1,5
9 February 1988 (1988-02-09)
Y column 3, line 65 - column 4, line 10; 1-13
example 5
X JP 2003 239095 A (MURATA MANUFACTURING CO) 1,5
27 August 2003 (2003-08-27)
abstract; figures 1,2
X JP HO7 326462 A (MITSUBISHI MATERIALS 1,5
CORP) 12 December 1995 (1995-12-12)
abstract; figure 2
Y US 6 529 361 B1 (PETSCHEL BERND [DE] ET 1-13
AL) 4 March 2003 (2003-03-04)
abstract; figure
column 2, line 40 - line 45
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 May 2015

Date of mailing of the international search report

18/05/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Marti Almeda, Rafael

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/051733

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

& DE 197 41 658 Al (SIEMENS AG [DE])
18 March 1999 (1999-03-18)
cited in the application

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/051733
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4724052 A 09-02-1988 AU 587798 B2 31-08-1989
BR 8507119 A 31-03-1987
CA 1278766 C 08-01-1991
CA 1294577 C2 21-01-1992
CN 85108839 A 20-08-1986
4 8509206 A3 12-06-1996
DE 3588054 D1 12-10-1995
DE 3588054 T2 02-05-1996
DK 387186 A 14-08-1986
EP 0203982 Al 10-12-1986
EP 0404208 Al 27-12-1990
ES 8705532 Al 16-07-1987
HU T40712 A 28-01-1987
HU 215459 B 28-01-1999
IN 164233 Al 04-02-1989
JP HO713310 B2 15-02-1995
JP S62501219 A 14-05-1987
MX 162606 A 31-05-1991
NO 170812 B 31-08-1992
PL 256789 Al 09-02-1987
RU 2018543 C1 30-08-1994
SK 020685 A3 10-12-1997
us 4724052 A 09-02-1988
us 4938851 A 03-07-1990
WO 8603790 Al 03-07-1986

JP 2003239095 A 27-08-2003  NONE

JP HO7326462 A 12-12-1995 JP 3265827 B2 18-03-2002
JP HO7326462 A 12-12-1995

US 6529361 Bl 04-03-2003 CN 1273689 A 15-11-2000
DE 19741658 Al 18-03-1999
EP 1016114 A2 05-07-2000
JP 2001516943 A 02-10-2001
us 6529361 Bl 04-03-2003
WO 0914782 A2 25-03-1999

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

