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NDUCTOR ROLL

Field of the Invention

The invention relates to a conductor roll for use
in annealing wire, such as copper wire, comprising a
substrate having good electrical conductivity and a top
coating of tungsten or a tungsten based alloy with a
surface roughness of said coating of at least 2 microns
Ra. '

Background of the Invention ¢ _
In the annealing of copper wire, copper rolls or

hoops are used to heat the wire by the Joule effect.
Copper is the preferred material for the conductor roll
because it has good conductivity. In a typical or
conVEntlonal anneallng apparatus, the copper wire is
fed in contact over two spaced apart conductive rolls
connected to a power source. One roll is positive _
while the other roll is negative. Heat is generated in
the copper wire when the rolls are connected to a power
source since the copper wire completes the circuit
between the conductive rolls. In the annealing of
copper wire, the wire is continuously fed over the
conductor rolls as a desired speed whereupon the wire
is heated and then it is cooled in a conventional
manner. The copper wire contacts the donductorJrolls
and the friction therebetween causes wear in the
surface of the conductor rolls. Once the wear of the
rolls becomes undesirable for efficient operation of
the annealing process, the rolls are replaced. This
results in a shut down of the annealing operation and
thus loss of productivity. It has been proposed to
substitute nickel in place of coppefyfq; the roll
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Field of the Invention The invention relates to an annealing
appara- tus enpl oyi ng a conductor roll for use in annealing wire, such as
copper wire, conprising a substrate having good el ectrical conductivity and
.a top coating of tung- sten or a tungsten ased alloy with a surface
roughness of said coating of at | east 2 P

material since nickel has better wear resistance
characteristics. However, nickel rolls are much more
expensive than copper rolls and are still subject to
wear resistance.

It is an object of the present invention to
provide a conductor roll with a tungsten or tungsten
based alloy coating having a roughness of at least 3
microns Ra and which coating has excellent wear
resistance characteristics when used in annealing wire,
such as copper wire.

Another object of the present invention is to
provide a cost effective and good wear resistance
coating for conductor rolls for use in annealing wire,
such as copper wire.

The present invention will become more apparent
from,the following description thereof when considered
together with the accompanying drawings which are set
forth as being exemplary of embodiments of the present
invention and are not intended in any way to be
limitative thereof.

WM_M

The invention relates to a conductive roll for use
in annealing wire comprising a conductive substrate
coated with a tungsten or tungsten based alloy and
wherein the surface of said coating has a surface
roughness of at least 2 microns Ra. The substrate of
the conductive roll has to have good electrical
conductivity and withstand the heat of an annealing
process. Although the preferred material for the
substrate would be copper, it could also be made of
bronze, nickel and steel. The coating for the
conductive roll is tungsten or a tungsten based alloy.
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Background. of the Invention In the annealing of copper wre,
*copper rolls or hoops are used to heat the wire by the Joule effect. Cop-
per is the preferred material for the conductor roll be- cause it has good
.conductivity. In a typical or conven- tiongl_annealing apparatus, the
copper wire is fed in con- tact over two spaced apart conductive rolls
connected to a power source. One roll is positive while the other roll is
negative. Heat .is generated in the copper wire

It is not enough to have a tungsten or a tungsten based
alloy coating, but the coating must have a surface
roughness of at least 2 microns Ra, preferably 5
microns Ra or above. The coating thickness can vary
from 50 to 150 microns thick. To produce the necessary
roughness in the surface coating, the coating could be
grit blasted using a material such as ceramic beads,
metallic beads or the like; laser engraved using
conventional laser devices; electro-erosion of the
coating surface; machining of the surface to get the
required roughness; or any other conventional
techniques. The substrate could be treated, such as by
grit blasting, to produce the necessary roughness prior
to or after depositing the coating on its surface.
Alternately, an undercoat could be deposited, such as
nigkél or nickel based alloy, which could have the
desired roughness or made to have the desired surface
roughness so that the topcoat of tungsteh or a tungsten
based alloy will_conform'to the surface contour of the
undercoat. An undercoat of nickel with five percent by
weight aluminum . has been observed to have the natural
roughness that would be suitable for this invention. A
nickel-aluminum undercoating is a good corrosion
resistant layer for many substrates and thus would
provide a good duplex coating with the tungsten or
tungsten alloy top coating. In the practice of this
invention, any good corrosion resistant undercoat could
be used such as nickel, nickel-containing coatings and
the like. The top coat could also be sealed with a
suitable sealer, such as an epoxy sealant. This could
also protect the substrate by providing a barrier to
prevent penetration of any detrimental elements in the
environment of the annealing process.
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when the rolls are connected to a power source since the copper wire
'conpletes the circuit between the con- ductive rolls. In the annealing of
copper wire, the wire is contlnuously fed over the conductor rolls as a
.desired speed whereupon the wire is heated and then it is cooled in a
conventional manner. The copper wire contdacts the conductor rolls and the
friction therebetween causes wear in the surface of the conductor rolls.
Once the wear of the rolls becones undesirable for efficient operation of
t he annealing process, the rolls are replaced. This re-

Upon testing of the coating of this invention, it
was believed that a smooth surface could provide a
better surface to reduce friction wear on the
conductive roll since the wire could slide over the
roll with less friction. However, it was found that to
increase the friction wear of the coated roll, it was
necessary to roughen the surface to 2 microns Ra or
greater.

Drawings

Figure 1 is a schematic diagram of an annealing
process for copper wire.

Figure 2 is a perspective view of an arc segment
of a conductive roll shown in Figure 1.

Figure 3 is a perspective view of an arc segment
of!afconductive roll with the coating of this invention
and showing copper wires being fed over such coating.

Figure 4 is a cross section of the conductor roll
of Figure 3 taken through line 4-4.

- Referring to Figure 1, a schematic diagram is
shown of an énnealing process 2 for copper wire 4 in
which the copper wire 4 is fed over conventional rolls
6 to negative conductor rolls 8, positive roll 10 and
negative roll 9. The negative conductor rolls 8-9 and
the positive conductor roll 10 are connected across a
voltage supply (not shown), such as 30 volts, and then
the copper wire 4 is fed over these conductor rolls 8-9
and 10 to form a circuit that can develop a high
current such as 125 amperes. The resistive heating of
the copper wire 4 can increase the temperature of the
wire, as for example up to 200°C or higher. as the
conductor wire 4 is fed from conductor roll 8 to
conductor roll 10, a current flows through the copper
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suits, in a shut down of the annealing operation and thus | oss of
sproductivity. It has been proposed to substitute nickel in place of copper
for the roll material since nickel has better wear resistance
_Characteristics. However,

- 5 -

wire and due to IR losses, the copper wire is heated.
The copper wire 4 is then fed from conductor roll 10 to
conductor roll 9 in which it is fed into a suitable
tank 15 where an inert gas nitrogen 12 is contained
over a mixture of water and oil 14. The heated wire 4
is then cooled by the water and oil mixture 14 and is
fed over roll 7 where it is then suitably wound for
storage and/or shipment to a desired locality. The
speed at which the copper wire 4 is fed over the rolls
8-9-10 is generally about 15 meters per second. For
different annealing processes, this speed can vary
either lower or higher. '

Figure 2_shows'an arc segment of a conductor roll
16 after it had been used in an annealing process for
two parallel spaced apart copper wires. The contact of
thgaéopper wire with the conductor roll 16 created
friction in which semi-circular grooves 18 were created
in the conductor roll. After the grooves 18 are formed
to a certain depth and width, the conductor roll has to
be removed and replaced by a new conductor roll.
Figures 3 and 4 show an arc segment of a conductor roll
20 having a coating 22 and two parallel aligned, spaced
apart copper wires 24 being fed over the coating 22.
As shown in Figure 4 which is an enlarged view of a
segment of the arc segment of Figure 3 taken through
lines 4-4, the copper wire 24 contacts the peaks 26 of
the coating 22 so that only minimum contact is made
between the coating 22 and the COppér wires 24. Since
the coating 22, which is a tungsten or tungsten based
alloy coating, has good wear resistance
characteristics, the coated conductor roll 20 will
provide a greater service life than an uncoated
conductor roll.
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2 nickel rolls are much nore expensive than copper
subj ect to wear resistance. - I n EP- A-0266509 t here has been
di scl osed an apparatus for continuously annealing netal strips,
enpl oyed t herein.

hearth roll

D-1oY48

a predeterm ned roughness before the hear® W roll is coated with a
wear - resi stant surface .

EXAMPLE
A copper wire 0.5 mm thick was annealed in an
apparatus as shown in Figure 1. During an annealing
process, uncoated conductor rolls were used and in
another annealing process, the conductor rolls were
codated with tungsten and had a surface roughness of

different values., The conductor rolls that were coated

were first grit blasted with 20 mesh size aluminum
oxide particles at a pressure of about 23 psi. The
tungsten coating was then deposited to a thickness of
100 mm. The annealing process used a 30-volt power
source that produced a current of 125 amperes. The

tempefature of the wire between the negative conductor

roll and positive conductor roll was about 200°C and
the temperature of the water-oil mixture was about

40?:5 The copper wire was fed over the conductor rolls
~at a speed of about 15 meters per second. In the

annealing process that used the uncoated conductor

rolls, the rolls had to be replaced after 60 hours of

use. The coated conductor rolls that were surface
finished to 0.05 micron Ra lasted for 175 hours; the
coated conductor rolls that were surface finished to
about 5.5 microns Ra lasted for 325 hours; and the
conductor rolls that were surface finished to 10
microns Ra lasted for about 900 hours. As evidenced
from these data, the conductor rolls that have beeﬁ
coated with tungsten and surface finished to several
microns Ra in accordance with this invention will
provide longer service in annealing copper wire than
uncoated conductor rolls or conductor folls that are

coated but have a surface finish of less than 2 microns

Ra.

—_——
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coating defiﬁé&sgﬁsa spray coated ceram c or chrone plating. The thickness
of the coating is selected so that the coated hearth roll has a surface
roughness Ra of between 4.5 pmand 20 pm JP-'A- 4120297 di scl oses a
conductor roll to be used for electroplating lines for cold rolled steel
plates. The surface of the roll is coated_.with a hard Cr plating or Ni-W
all oy plating containing about 20 to 24 wt. % tungsten. It is an
obj ect of the present invention to pro-

It will be understood that various changes in the
details, materials and arrangement of parts which have
been described herein may be made by those skilled in
‘the art within the principle and scope of the invention
as expressed in the claims. For example, an undercoat,
such as nickel aluminum, may be applied prior to the
tungsten or tungsten alloy top coat to provide
corrosion protection for the substrate. In addition, a
sealant, such as an'epoxy, can be applied to the top
coat to also provide corrosion protection for the
substrate. Thus any material can be used as the
substrate as long as it is sufficiently conductive to
pass a desired current through the copper wire.
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vi de an anneal i ng apparatus enpl oying a conductor roll having excellent
-wear resistance characteristics -when used in annealing wire, such as copper
Wre. Anot her object of the present invention is to provide a cost
_effective anmu ﬁ stance coat-ging for conductor rolls for use in

anneal i ng ' ngmwml)er W re. The present invention.-wll :
beconme nore "ap-* péreht fromthe following description thereof when con-
sidered together with the acconpanyi ng draw ngs which

WHAT IS CLAIMED

1. - A conductive roll for use in annealing wire
comprising a conductive substrate coated with a
tungsten or tungsten based alloy layer and wherein the
surface of the coated layer has a roughness of at least
2 microns Ra.

2. The conductor roll of claim 1 wherein the
surface of the coated layer has a roughness of at least
5 microns Ra.

3. The conductor roll of claim 1 wherein the
substrate is made of a conductive material selected
from the group consisting of copper, bronze, nickel and
stsei.

4. The conductor roll of claim 1 wherein the
thickness of the tungstéen or tungsten based alloy layer
is from 50 to 150 microns thick.

5. The conductor roll of claim 1 wherein an
undercoat is disposed between the substrate and the
tungsten or tungsten based alloy layer.

6. The condubtor roll of claim 5 wherein the
undercoat is selected from the group consisting of
nickel-aluminum and nickel.

7. The conductor roll of claim 1 wherein a
sealant is disposed over the tungsten or tungsten based
alloy layer.
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are set forth as being exenplary of enbodi ments of the present invention
-and are not intended in to be limtative thereof. Summary of the
| nventi on The invention relates to a conductive roll for use in

~annealing wr ‘“mﬁutuﬁunductlve substrate coated with a tungsten or
tungsten baseﬁ\m“mm\ in the sarPace of said coating has a surface
rough-

8. The conductor roll of claim 7 wherein the
sealant is epoxy.

9. The conductor roll of claim 5 wherein the
substrate is bronze, the undercoat is nickel-aluminum
and the surface roughness of the tungsten or tungsten
based alloy layer is at least 5 microns Ra.

10. The conductor roll of claim 8 wherein the
substrate is copper the sealant is epoxy and the
surface roughness of the tungsten or tungsten based
alloy layer is at least 5 micréns Ra.

This Sheet Has Been

i i



e R T

: D-16948
ness of at least. 2 pm Ra. The substrate of the conductive

~3- roll has to have good el ectrical’ ‘conductivity and with-

- 10 -

CONDUCTOR ROLL

Abstract

A conductor roll for use in the annealing of wire,
such as copper wire, comprising a conductive substrate,
such as copper, coated with a wear resistant layer of
tungsten or tungsten based alloy in which the surface
of the wear resistant layer has a roughness of at least
2 microns Ra.
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stand the heat of an annealing process. Although the preferred material for
- the substrate woul d be copper, it could -also. be made of.bronze, nickel and

'steel. The coating for the conductive roll is tungsten or a tungsten based
calloy. It is not enough to have a tungsten or a tung- sten based all oy
coating, but the coating nust have a surface roughness of at |least 2 pm Ra,
preferably 5 pm Ra or above. The coating thickness can vary from50 to 150
pmthick. To produce the necessary roughness in the surface coating, the
coating could be grit blastpd us-
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ing a material such as ceram c beads, netallic beads or the like; |aser

. engraved using conventional |aser devic- es; electro-erosion of the coating

surface; machining of the surface to get the required roughness; or any _
+ other conventional techniques. The substrate could be treat- ed, such as by
- grit blasting, to produce the necessary roughness prior to or after . :
depositing the coating on its surface. Alternately, an undercoat coul d be
deposited, such as nickel or nickel based all oy, which could have the

desi red roughness or nade to have the desired1§ur4

16 | 18
Fig 2
24
4
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_Fig 4
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f-ace roughness so that the topcoat of tungsten or a tung-
conformto the surface contour
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‘A conductor roll for use in the annealing of wire,
such as copper wire, comprising a conductive substrate,
such as copper, coated with a wear resistant layer of
tungsten or tungsten based alloy in which the surface
of the wear resistant layer has a roughness of at least

2 microns Ra.

FIGURE 2
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~ between the conductive rolls.

CONDUCTOR ROLL

Field of the Inventio
The invention relates to a conductor roll for use
in annealing wire, such as copper wire, comprising a

‘substrate having good electrical conductivity and a top
coating of tungsten or a tungsten based alloy with a

surface roughness of said coating of at least 2 microns

Ra.

Background of the Invention

".In the annealing of copper wire, copper rolls or
hoops are used to heat the wire by the Joule effect.
Copper is the preferred material for the conductor roll
because it has good conduct1v1ty
conventional annealing apparatus, the copper wire is
fed in contact over two spaced apart conductive rolls
connected to a pbﬁer source. One roll is positive
while the other roll is negative. Heat is generated in
the copper wire when the rolls are connected to a power
source since the copper wire completes the circuit"
' In the annealing of
copper wire, the wire is continuously fed over the
conductor rolls as a desired speed whereupon the wire
is heated and then it is cooled in a conventional
manner. The copper wire contacts the conductor rolls
and the friction therebetween causes wear in the
surface of thé conductor rolls. Once the wear of the
rolls becomes undesirable for efficient operaticn'of
the annealing process, the rolls are replaced. This
results in a shut down of the annealing operation and
thus loss of productivity. It has been proposed to

In a typical or

REPLACEMENT SHEET

—substitute nickel in place of copper for the roll
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-4- > Upon testing of the coating of this invention it

was believed that a snooth surface could provide a bgt face

to reduce friction wear on the conductive roll REP{QRLEME{W 1Eéf.moul d
slide over the roll with |ess friction. Howeve rT—was ftound | hpt to
I ncrease the friction wear of the coated roll, i1 W?ﬁAm@FﬂﬁgarV 0

roughen the sur- face to 2 pm Ra or greater.

material since nickel has better wear resistance
characteristics. However, nickel rolls are much more
expensive than copper.rolls and are still subject to
wear resistance;

It is an object of the present invention to
provide a conductor roll with a tungsten or tungsten
based alloy coating having a roughness of at least 3
microns Ra and which coating has excellent wear
resistance characteristics when used in annealing w1re,
such as copper wire.

Another object of the present invention is to
provide a cost effective and good wear resistance
coating for conductor rolls for use in annealing wire,
such as copper wire.

The present invention w1ll become more apparent
- from the following description thereof when considered
together with the. accompanying drawings which are set
forth as being exemplary of embodiments of the present
invention and are not intended in any way to be
limitative thereof.

Summary of the Invention
The invention relates to a conductive roll for use
in annealing wire compriszng a conductive substrate
coated with a tungsten or-tungsten based alloy and
wherein the surface of said coating has a surface
roughness of at least 2 microns Ra. The substrate of
- the conductive roll has to have good electrical
conductivity and withstand the heat of an annealing
process. Although the preferred material for the
substrate would be copper, it could also be made of
-bronze, n1ckel and steel. The coating for the
conductive roll is tungsten or a tungsten based alloy.
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Dr awi ngs Figure 1 is a schematic diagram of an anneal -

min process for copper wre. Fi%HLQ—Z_LS—?EﬁﬁiﬁﬁﬁFtive Vi ew
of an arc seg- ment of a conductive roll syppm A ME
Figure 3 is a perspective view of an arc seg- - CE cdndquctive -

roll with the coating of this inven- tion anh shoyi Ra, erf wires
being fed over such coat- -3 - ()1ﬁb§gw§gp

It is not enough to have a tungsten or a tungsten based
alloy coating, but the coating must have a surface
roughness of at least:'2 micr@ns Ra, preferably 5
microns Ra or above. The coating thickness can vary
from 50 to 150 microns thick. To produce the necessary
rdughness in the surface'coating, the coating could be
grit blasted using a material such as ceramic beads,
metallic beads or the like; laser engraved using
conventional laser devices; electro-erosion of the
coating surface;-machining'of.the surface to get the
required roughnéss; or any other conventional
techniques. The substraté could be treated, such as by
grit blasting{ to produce the necessary roughness prior
to or after depositing the coating on its surface.
Alternately, an undercoat could be deposited, such as
nickél or nickel based alloy, which could have the
desired roughnéss'or'made to have the desired surface
roughness so that the topcoat of tungsten or a tungsten
based alloy will confqrm'to_the surface contour of the
‘undercoat. An undercoat of nickel with five percent by
weight aluminum has been observed to have the natural
roughness that would be suitable for this invention. &
nickel-aluminum undercoating is a good corrosion
resistant layer for many substrates and thus would
provide a good duplex coating with the tuhgsten or
tungsten alloy top coating. In the practice of this
invention, any good corrosion resistant undercoat could
be used such as nickel, nickel-containing coatings and
. the like. The top coat could also be sealed with a
suitable sealer, such as aﬁ epoxy sealant. This could
also protect the substrate by providing a barrier to
prevent penetration of any detrimental elements in the
environment of the annealing process. |
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I ng. . Figure 4 is a cross section of the conductor rol

of Figure 3 taken through line 4-4. Referring to Figure 1,

a schematic diagramis shown of an annealing process_2 far.copper

wire 4 in which the copper wire 4 is fed o P NWDQHEETDIIS 6

to negative conductor rolls 8, positive roll 10 - I ve roll _
9. The negative conductor rolls 8-9 and fhg pos- |- I tive conguftor rol
10 are connected across a voltage supply (not ghddH#i“ﬁ@Ch a$ 30
volts, and then the cop-

Upon testing of the coating of this invention, it
was believed that a smooth surface could provide a
better surface to reduce friction wear on the
conductive roll since the wire could slide over the
roll with less_friction. However, it was found that to
- increase the friction wear of the coated roll, it was
necessary to roughen the surface to 2 microns Ra or
greater.

Drawings

Figure 1 is a schematic diagram of an annealing
process for copper wire. -

Figure 2 is a perspective view of an arc segment
of a conductive roll shown in Figure 1.

Figure 3 is a perspective view of an arc segment
of a conductive roll with the coating of this invention
and showing copper wires being fed over such coating.

Figure 4 is a cross section of the conductor roll
of Figure 3 taken through line 4-4. _

Referring to Figuréll, a .schematic diagram is
shown of an anneallng process 2 for copper wire 4 in
which the copper wire 4 is fed over conventional rolls
6 to negative conductor rolls 8, positive roll 10 and

- negative roll 9. The negative conductor rolls 8-9 and
the positive conductor roll 10 are connected across a
voltage supply (not shown), such as 30 volts, and then
the copper wire 4 is fed over these conductor rolls 8-9
and 10 to form a circuit that can develop a high
current such as 125 amperes.ﬁ The resistive heating of -
the copper wire 4 can increase the temperature of the
wire, as-for example up to 200°C or higher. As the
conductor wire 4 is fed from conductor roll B8 to
-copductor roll 10, a current flows through the copper

This Sheet Has Been Rep lac




per wire 4 is fed over these conductor rolls 8-9 and 10 to forma
circuit that can develop a high current such as 12— e e The
resistive heating of the copper wire 4 can Rﬁﬂbﬁﬂﬁ&ﬂﬂﬁgﬁmiﬁg‘rature
of the wire, as for ex- anple up to 200[err or_ni gher . tthe
conductor wire 4 is fed fromconductor rollj8 @,fgoﬁugggr rqll 10, a
current fl ows through the copper w re and dbelt ses, tihe
copper wire is heated. The copper wire 4 is then -+ canduct or
roll 10 to conductor roll 9 in which it is fed in a suitablle tank

15 where an inert gas nitrogen 12 is con-

wire and due to IR losses, the copper wire is heated.
The copper wire 4 is then fed from conductor roll 10 to
conductor roll 9 in which it is fed into a suitable
tank 15 where an inert gas nitrogen 12 is contained
over a mixture of water and oil 14. The heated wire 4
is then cooled by the water and oil mixture 14 and is
fed over roll 7 where it is then suitably wound for
storage and/or Shipment to a desired 1o¢ality. The
speed at which the copper wire 4 is fed over the rolls
8-9-10 is generally about 15 meters per second. For
different annealing processes, this speed can vary
either lower or hlgher. _

Figure 2 shows an arc segment of a conductor roll
16 after it had been used in an annealing process for
two paraliel'spaced apart copper wires. The contact of
the copper wire with.the conductor roll 16 created
friction in which semi-circular grooves 18 were created
in the conductor roll. After the grooves 18 are formed
to a certain depth'and width, the conductor roll has to
be removed and replaced by a new conductor roll.
- Figures 3 and 4 show an arc segment of a conductor roll
20 having a coating 22 and two parallel aligned, spaced
apart copper wires 24 being fed over the coating 22.
As shown in Figure 4 which is an enlarged view of a
segment of the arc segment of Figure 3 taken through
lines 4-4, the copper wire 24 contacts the peaks 26 of
the coating 22 so that only minimum contact is made
between the coating 22 and. the copper wires 24. Since
the coating 22, which is a tungsten or tungsten based
alloy coatlng, has good wear resistance :
characteristics, the coated conductor roll 20 will
provide a greater service life than an uncoated
conductor roll. ' ; —_—
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-5- tained over a m xture of water and oil 14. The heated wire 4 is then
cooled by the water and oil m xture 14 and

REPLACEMENT SHEET
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E PLE
A copper wire 0. 5 mm thick was annealed in an

apparatus as shown in Flgure 1. During an annealing
process, uncoated conductdr rolls were used and in
another annealing process, the conductor rolls were
codted with tungsten aﬁd had a surface roughness of
different values. The conductor rolls that were coated
were first grit blasted with 20 mesh size aluminum

- oxide particles at a pressure of about 23 psi. The
tungsten coating was then deposited to a thickness of
100 mm. The annealing process used a 30-volt power
source that produced a current of 125 amperes. The
tempeiature of the wire between the negative conductor
roll and positive conductor roll was about 200°C and
the temperature of the water-oil mixture was about
40°C: The copper wire was fed over the conductor rolls -
at a speed of about 15 meters per second. In the
annealing process that used the uncoated conductor
rolls, the rolls had to be replaced after 60 hours of
use. The coated conductor rolls that were surface
finished to 0.05 micron Ra lasted for 175 hours; the
coated conductor rolls that were surface finished to
about 5.5 microns Ra lasted for 325 hours; and the
conductor rolls that were surface finished td_lo
microns Ra lasted for about 900 hours. As evidenced
from these data, the conductor rolls that have been
coated with tungsten and surface finished to several
microns Ra in accordance with this invention will
provide longer service in annealing copper wire than
uncoated conductor rolls or conductor folls that are
coated but have a surface finish of less ‘than 2 microns
Ra.
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The contact of the copper wire with fh

It will be understood that various changes in the
details, materials and'agrangement of parts which have
been described herein may be made by those skilled in
the art within the principle and scope of the invention
as expressed in the claims. For example, an undercoat,
such as nickel aluminum, may be applied prior to the
tungsten or tungsten alloy top coat to provide
corrosion protection for the substrate. In addition, a
sealant, such as an epoxy; can be applied to the top
coat to also provide corrosion protection for the
substrate. Thus any material can be used as the
substrate as long as it is sufficiently conductive to
pass a desired current through the copper wirg.'
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tion in which sem -circular grooves 18 were created in the conductor roll
After the grooves 18 are fornmed to a certain depth and wi dth, the conductor

roll has to _be re- noved and replaced by a new cond j 3
and 4 show an arc segnent of a conductor roll 20 hajﬁ@@L@(ﬁ@ﬂﬂWﬁ@H@Eﬂhnd
two paral e”m“ Iﬂl]m m apart cop--pgr-wres 24 ' the
coating 22 I”ﬂﬂmﬂ re 4 which is an enl argegd 8 nt of
the arc segnént® oft Fi"gufe 8 taken through lines 4-4,] the C Gg% wilr¢ 24

contacts the peaks 26 of the coating 22 so

WHAT IS CLAIMED

1. A conductive roll for use in annealing wire
comprising a conductive substrate coated with a
tungsten or tungsten based alloy layer and wherein the
surface of the coated layer has a roughness of at least
2 microns Ra. |

2. The conductor roll of claim 1 wherein the
surface of the coated layer has a roughness of at least
5 microns Ra. '

3. The conductor roll of claim 1 wherein the
sﬁbstrate is made of a conductive material selected
from the group consisting of copper, bronze, nickel and
steel.

4. The conductor roll of claim 1 wherein the
thickness of the tungsten or tungsten based alloy layer
is from 50 to 150 microns thick.

_ 5. The conductor roll of claim 1 wherein an
undercoat is disposed between the substrate and the
tungsten or tungsten based alloy layer.

6. The conductor';oll of claim 5 wherein the
undercoat is selected from the group.consisting of
nickel-aluminum and nickel.

7. The conductor roll of claim 1 wherein a
sealant is disposed over the ‘tungsten or tungsten based
alloy layer.

_
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t hat. only m ni mum contact is nade between the coating 22 and t he copper
wres 24. Since the: coating 22, which is a tungsten or tungsten hased

coati ng, nce characteristics, the < BEET
roll 20 mn rovide a greater service life than an uné HehehEtt
S o 8o Ere

8. - The conductor roll of claim 7 wherein the

sealant is epoxy.

9. The conductor roll of claim 5 wherein the
substrate is bronze, the undercoat is nickel-aluminum
and the surface roughness of the tungsten or tungsten

based alloy layer is at least 5 microns Ra.

10. The conductor roll of claim 8 wherein the
substrate is copper the sealant is.epoxy and the
surface roughness of the tungsten or tungsten based

alloy layer is at least 5 microns Ra.
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an apparatus as shown in Figure 1. During an anneal i ng process, uncoated

conductor rolls were used and in an- other annealing process, the conductor
rolls were coat- ed with tungsten and had a surface rpughness—of—di-ffer
ent ‘val ues. The conductor rolls that were coated were REPLACENE%H’SHEET
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NDUCTOR _ROL

Abstract
A conductor roll for use in the annealing of wire,
such as copper wzre, comprising a conductive substrate,
such as copper, coated with a wear resistant layer of
tungsten or tungsten based'alloy in which the surface
of the wear resistant layer has a roughness of at least
2 microns Ra.

FIGURE 2
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-6- first grit blasted with. 20 nesh si ze aluninun1oxide'par- ticles at a
pressure of about 159 kPa (23 psi),  The tung- sten coating was then

deposited to a thickness of 100 nm The annealing prd
power source that produced a current of 125 anperes.
W re between the negative conductor rolu and positive
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tenperature of the water-oil mxture was about 40[err]C The copper wre was
fed over thé conductor rolls at a speed of about 15 nete &

t he anneal ing process that used the uncoated conductor r)?EHJA MEW
to be replaced after 60 hours of use. The coated conduct¢r|ralls that wefe
surface finished to 0.05 pmRa |lasted for 175 hours: the|cpatbdAtEn9961 o
‘rolls that were surface finished to about, 5.5 pm Ra | ast edifor 325 hour s
and the conductor rolls that were surfacé finished to 10|m crons Ra | ast ed
for about 900 hours. As evi- .
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Field of the Invention

The invention relates to an annealing appara-
tus employing a conductor roll for use in annealing wire,
such as copper wire, comprising a substrate having
good electrical conductivity and a top coating of tung-
sten or a tungsten based alloy with a surface roughness
of said coating of at least 2 um Ra.

Background of the Invention

In the annealing of copper wire, copper rolls or
hoops are used to heat the wire by the Joule effect. Cop-
per is the preferred material for the conductor roll be-
cause it has good conductivity. In a typical or conven-
tional annealing apparatus, the copper wire is fed in con-
tact over two spaced apart conductive rolls connected
to a power source. One roll is positive while the other
roll is negative. Heat is generated in the copper wire
when the rolls are connected to a power source since
the copper wire completes the circuit between the con-
ductive rolls. In the annealing of copper wire, the wire is
continuously fed over the conductor rolls as a desired
speed whereupon the wire is heated and thenitis cooled
in a conventional manner. The copper wire contacts the
conductor rolls and the friction therebetween causes
wear in the surface of the conductor rolls. Once the wear
of the rolls becomes undesirable for efficient operation
of the annealing process, the rolls are replaced. This re-

~sults in a shut down of the annealing operation and thus
loss of productivity. It has been proposed to substitute
nickel in place of copper for the roll material since nickel
has better wear resistance characteristics. However,

~
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N protection forthe substrate. I'n addition, a
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substrate., Thus any nmaterial can be used as

s sufficiently conductive to pass a desired

current through the

18kl rolfs' are much more expensive than copper rolls
and are still subject to wear resistance.

In EP-A-0266509 there has been disclosed an,
apparatus for continuously annealing metal strips, and

a hearth roll employed therein. It was taught to provide

the hearth roll with a predetermined roughness before,

the hearth roll is coated with a wear-resistant surface

coating defined by a spray coated ceramic or chrome,

plating. The thickness of the coating is selected so that

the coated hearth roll has a surface roughness Ra of

between 4.5 um and 20 um.

JP-A-4120297 discloses a conductor roll to be
used for electroplating lines for cold rolled steel plates.
The surface of the roll is coated with a hard Cr plating

or Ni-W alloy plating containing about 20 to 24 wt. %

tungsten.
It is an object of the present invention to pro-

vide an annealing apparatus employing a conductor roll
having excellent wear resistance characteristics when
used in annealing wire, such as copper wire.

Another object of the present invention is to
provide a cost effective and good wear resistance coat-
ing for conductor rolls for use in annealing wire, such as
copper wire.

The present invention will become more ap-
parent from the following description thereof when con-
sidered together with the accompanying drawings which
are set forth as being exemplary of embodiments of the
present invention and are not intended in any way to be
limitative thereof.

Summary of the Invention

The invention relates to a conductive roll for
use in annealing wire comprising a conductive substrate
coated with a tungsten or tungsten based alloy and
wherein the surface of said coating has a surface rough-
ness of at least 2 um Ra. The substrate of the conductive



2 6 JUN 1999

-3 -

roll has t6 have good electrical conductivity and with-
stand the heat of an annealing process. Although the
preferred material for the substrate would be copper, it
could also be made of bronze, nickel and steel. The
coating for the conductive roll is tungsten or a tungsten
based alloy. It is not enough to have a tungsten oratung-
sten based alloy coating, but the coating must have a
-surface roughness of at least 2 um Ra, preferably 5 um
Ra or above. The coating thickness can vary from 50 to
150 um thick. To produce the necessary roughness in
the surface coating, the coating could be grit blasted us-
ing a material such as ceramic beads, metallic beads or
the like; laser engraved using conventional laser devic-
es, electro-erosion of the coating surface; machining of
the surface to get the required roughness; or any other
conventional techniques. The substrate could be treat-
ed, such as by grit blasting, to produce the necessary
roughness prior to or after depositing the coating on its
surface. Alternately, an undercoat could be deposited,
such as nickel or nickel based alloy, which could have
the desired roughness or made to have the desired sur-
face roughness so that the topcoat of tungsten or a tung-
sten based alloy will conform to the surface contour of
the undercoat. An undercoat of nickel with five percent
by weight aluminum has been observed to have the nat-
ural roughness that would be suitable for this invention.
A nickel-aluminum undercoating is a good corrosion re-
sistant layer for many substrates and thus would provide
a good duplex coating with the tungsten or tungsten al-
loy top coating. In the practice of this invention, any good
corrosion resistant undercoat could be used such as
nickel, nickel-containing coatings and the like. The top
coat could also be sealed with a suitable sealer, such
as an epoxy sealant. This could also protect the sub-
strate by providing a barrier to prevent penetration of
any detrimental elements in the environment of the an-
nealing process.
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Upon testing of the coating of this invention, it
was believed that a smooth surface could provide a bet-
ter surface to reduce friction wear on the conductive roll
since the wire could slide over the roll with less friction.
However, it was found that to increase the friction wear
of the coated roll, it was necessary to roughen the sur-
face to 2 um Ra or greater.

Drawings

Figure 1 is a schematic diagram of an anneal-
ing process for copper wire.

Figure 2 is a perspective view of an arc seg-
ment of a conductive roll shown in Figure 1.

Figure 3 is a perspective view of an arc seg-
ment of a conductive roll with the coating of this inven-
tion and showing copper wires being fed over such coat-
ing.

Figure 4 is a cross section of the conductor roll
of Figure 3 taken through line 4-4.

Referring to Figure 1, a schematic diagram is
shown of an annealing process 2 for copper wire 4 in
which the copper wire 4 is fed over conventional rolls 6
to negative conductor rolls 8, positive roll 10 and nega-
tive roll 9. The negative conductor rolls 8-9 and the pos-
itive conductor roll 10 are connected across a voltage
supply (not shown), such as 30 volts, and then the cop-
per wire 4 is fed over these conductor rolls 8-9 and 10
to form a circuit that can develop a high current such as
125 amperes. The resistive heating of the copper wire
4 can increase the temperature of the wire, as for ex-
ample up to 200°C or higher. As the conductor wire 4 is
fed from conductor roll 8 to conductor roll 10, a current
flows through the copper wire and due to IR losses, the
copper wire is heated. The copper wire 4 is then fed from
conductor roll 10 to conductor roll 9 in which it is fed into
a suitable tank 15 where an inert gas nitrogen 12 is con-
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fromthe gfodp ng of copper. bronze, nickel and steel. 4. The
anneal i ng gp ' ope of the preced- i ng claiims wherein the

t hi ckness ¢f the tungsten or tungsten based alloy |ayer (22) of the
conduct or rott (89, 10, 20) is TProm50 to 150 pm

tained over a mixture of water and oil 14. The heated
wire 4 is then cooled by the water and oil mixture 14 and
is fed over roll 7 where it is then suitably wound for stor-
age and/or shipment to a desired locality. The speed at
which the copper wire 4 is fed over the rolls 8-9-10 is
generally about 15 meters per second. For different an-
nealing processes, this speed can vary either lower or
higher. _ _ '
Figure 2 shows an arc segment of a conductor
roll 16 after it had been used in an annealing process
for two parallel spaced apart copper wires. The contact
of the copper wire with the conductor roll 16 created fric-
tion in which semi-circular grooves 18 were created in
" the conductor roll. After the grooves 18 are formed to a
certain depth and width, the conductor roll has to be re-
moved and replaced by a new conductor roll. Figures 3
and 4 show an arc segment of a conductor roll 20 having
a coating 22 and two parallel aligned, spaced apart cop-
per wires 24 being fed over the coating 22. As shown in
Figure 4 which is an enlarged view of a segment of the
arc segment of Figure 3 taken through lines 4-4, the cop-
per wire 24 contacts the peaks 26 of the coating 22 so
that only minimum contact is made between the coating
22 and the copper wires 24. Since the coating 22, which
is a tungsten or tungsten based alloy coating, has good
wear resistance characteristics, the coated conductor

roll 20 will provide a greater service life than an uncoated
conductor roll.

EXAMPLE

A copper wire 0.5 mm thick was annealed in
an apparatus as shown in Figure 1. During an annealing
process, uncoated conductor rolls were used and in an-
other annealing process, the conductor rolls were coat-
ed with tungsten and had a surface roughness of differ-
ent values. The conductor rolls that were coated were
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any one of the preced- ing clai.ns where

first grit bl'asted with 20 mesh size aluiminum oxide par-
ticles at a pressure of about 159 kPa (23 psi). The tung-
sten coating was then deposited to a thickness of 100
mm. The annealing process used a 30-volt power
source that produced a current of 125 amperes. The
temperature of the wire between the negative conductor
roll and positive conductor roll was about 200°C and the
temperature of the water-oil mixture was about 40°C
The copper wire was fed over the conductor rolls at a
speed of about 15 meters per second. In the annealing
process that used the uncoated conductor rolls, the rolls
had to be replaced after 60 hours of use. The coated
conductor rolls that were surface finished to 0.05um Ra

lasted for 175 hours; the coated conductor rolls that

were surface finished to about 5.5 um Ra lasted for 325
hours; and the conductor rolls that were surface finished
to 10 microns Ra lasted for about 900 hours. As evi-
denced from these data, the conductor rolls that have
been coated with tungsten and surface finished to sev-
eral microns Ra in accordance with this invention will
provide longer service in annealing copper wire than un-
coated conductor rolls or conductor rolls that are coated
but have a surface finish of less than 2 um Ra.

It will be understood that various changes in
the details, materials and arrangement of parts which
have been described herein may be made by those
skilled in the art within the principle and scope of the
invention as expressed in the claims. For example, an
undercoat, such as nickel aluminum, may be applied pri-
or to the tungsten or tungsten alloy top coat to provide
corrosion protection for the substrate. In addition, a seal-
ant, such as an epoxy, can be applied to the top coat to
also provide corrosion protection for the substrate. Thus
any material can be used as the substrate as long as it
is sufficiently conductive to pass a desired current
through the copper wire.

t fis se tween the substrate and tfuﬂgpMAQEMENTﬁﬁ
baggdf@\?"w y r (22). of the conductor roll (8, 9. 10. -
rdtus of claimb5 wherein the un- dercoat is
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Claims

1. Anannealing apparatus (2) employing a conductor
roll (8, 9, 10, 20) comprising a conductive substrate
coated with a tungsten or tungsten based alloy layer
(22) and wherein the surface of the coated layer has
a roughness of at least 2 um Ra.

2. Theannealing apparatus of claim 1 wherein the sur-
face of the coated layer (22) of the conductor roli (8,

9, 10, 20) has a roughness of at least 5 um Ra.

3. Theannealing apparatus of claim 1 or 2 wherein the
substrate of the conductor roll (8, 9, 10, 20) is made
of a conductive material selected from the group
consisting of copper. bronze, nickel and stesl.

4. The annealing apparatus of any one of the preced-
ing claims wherein the thickness of the tungsten or
tungsten based alloy layer (22) of the conductor roll
(8, 8, 10, 20) is from 50 to 150 um.

5. The annealing apparatus of any one of the preced-
_ing claims wherein an undercoat is disposed be-
tween the substrate and the tungsten or tungsten
based alloy layer (22) of the conductor roll (8, 9, 10,

20).

6. The annealing apparatus of claim 5 wherein the un-
dercoat is selected from the group consisting of
nickel-aluminum and nickel.

7. The annealing apparatus of any one of the preced-
ing claims wherein a sealant is disposed over the
tungsten or tungsten based alloy layer (22) of the
conductor roll (8, 9, 10, 20).




8. The anneal | ng apparatus of claim 7 wherein the. sealant is epoxy. 9.
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8. The annealing apparatus of claim 7 wherein the
sealant is epoxy.

9. The annealing apparatus of claim 5 wherein the
substrate is bronze, the under coat is nickel-alumi-
num and the surface roughness of the tungsten or
tungsten based alloy layer (22) is at least 5 um Ra.

10. The annealing apparatus of claim 8 wherein the

substrate is copper, the sealant is epoxy and the

- surface roughness of the tungsten or tungsten
based alloy layer (22) is at least 5 pm Ra.




substrate is bronze, the under coat is nickél alum - num and t he

surface roughness of the tungsten or ~  turgsten based alloyRanﬁEﬂ“@ﬁ?Sﬁ?FT
at least 5 pmRa. 10. The annealing apparatus of claim8 wherein the ™ ™"
substrate is copper, the sealant is epoxy and the surface roughness of
the tungsten or tungsten based alloy layer (22) is at least 5 pm Ra.
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Abstract
A conductor roll for use in the annealing of w:.re :
such as copper wire, comprising a conductive substrate,
such as copper, coated with a wear resistant layer of
tungsten or tungsten based alloy in which the surface
of the wear resistant layer has a roughness of at least
2 microns Ra.

FIGURE 2
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