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Field of the Invention

The invention-relates to a hollow coppér corona
electrode that is liquid cooled and a process for using
the liquid cooled copper electrode in a corona
apparatus or an ozone generatof.

ckground of nventd
It is well known that adhesion to the surfaces of
materials is improved by the exposure to a corona
discharge. Thus corona treatment has been used to
 treat the surfaces of thermoplastic materials to
improve the adhesion of printing inks, paints, coatings
and bodies of other materials. ' o
Many methods for the continuous corona discharge
surface treatment~bf_thermoplastic materials have been.
employed wherein ﬁhe'mate:ial continuum is passed
through an air gap betwéén.s;aticnary and roller
electrodes. Thé_SEationary‘eiectrode is typically a
bar or cluster of bars and the relatively large roller
electrode is coated with a dielectric coatings. A
" high voltage, of”the order of 20KV at 10kHz, is
typically impreésed across the electrodes. A corona
arc discharge is developed in the gap and produces
surface treatment of the thermoplastic material
continuum which results in the promotion of excellent
adhesion properties on the surface of the treated
continuum. Recently, the stationary electrode has been
coated with a dielectric layer rather than the roller
electrode.
The watts per inch of the .corona discharge system
during the continuous treatment of a; thermopl;stic
material continuum results in the teﬁperatﬁrq,of tﬁ
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Backgr omd edf2ét he | nventi on It is well known that adhesion to the

“surfaces of materials is inproved by the exposure to a corona di scharge.
‘Thus corona treatnent has been used to treat the surfaces of thernoplastic
.materials to inprove the adhesion of printing inks, paints, coatings and

bodi es of other materials. - Many net hods for the conti nuous corona

di scharge surface treatnent of thernﬁpPaStlc mat eri al s have been enpl oyed

wherein the material continuumis passed through an air gap between

stationary and roller el ectrodes.

wth a ?;e|ecéﬁkfa8836kn9ﬁe e16cPr8ieVabhedtnifly tHE Q58TEcRE180KY at

10kHz,

coating to increase to a temperature as high as 150°C.
Consequently, at this high température, the dielectric
layer and the substrate will expand and if their
coefficients of thermal expansion is not relatlvely
close then the dielectric layer could crack, bend,
distort or spall off. To overcome this problem, the
substrate material of the electrode and the material of
the dieleétric layer are selected so that their
coefficients of thermal expansion were relatively
close. For example, U.S. Patent No. 4,841,409
discloses a method of manufacturing a corona'discharge
electrode at which the core material of the electrode
has approximately the same temperature expansion
coefficient as the dlelectrzc material employed as the
coating.

_ Cooling means are also used to keep the
temperature of the dielectric coated electrode stable
and within control. In U.S. Patent 4,145,386 a
cylindrical electrode is shown that is cooled by air.

In U.S. Patent 4,334,144 a corona apparatus is shown in

which the inside of a coated corona electrode is cooled
by a fluid. Specifically, in one embodiment the
electrode comprises a tubular conductor of copper
placed within a glass tube and then a dielectric fluid
of oil is fed through the copper tube to cool the
electrode. In this embodiment, glass is the dielectric
layer of the electrode.

Copper is a good conductor but does not have a
coefficient of thermal expansion that is close to a
dielectric coated layer such as alumina. Thus when

‘using an elongated alumina coated copper corona

electrode in a corona process, the surface of the
electrode facing the other electrode of the .corona

P

The stationary electrode is typically a
bar or cluster of bars and the relatively large roller electrode is coated
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typically inpressed across the el ectrodes. A corona arc discharge is
devel oped-16726e gap and produces surface treatnent of the thernoplastic

mat eri al

properties on the surface of the treated continuum Recently, the

stationary el ectrode has been coated with a dielectric |ayer
the roller

system during the continuous treat ment 3f "a t hernopl astic materi al
continuumresults in the tenperature of the

system will rapidly increase in temperature. The
difference in temperature at the surface of the
electrode facing the other electrode of the corona
system will rapidly increase in temperatute. The
difference in temperature at the front surface of the
electrode can become significantly higher than the back
surface of the copper electrode which could result in
distortion of the electrode. If the distortion is
severe, the dielectric layer could crack and spall off.
At a minimum, a distortion of the electrode could
result in a non-uniform corona discharge along the
iength of the electrode due to a variation in the
spacing between the electrodes that could affect the
quality of the corona treatment of the thermoplastic
sheet being treated. _

It is an object of the present invention to
provide a process for the corona surface discharge
treatment of thermoplastic materials which uses a
hollow elongated dielectric coated copper electrode
that is cooled using a fluid such as water.

It is another object of the present invention to

provide a hollow elongated dielectric coated copper

electrode that is water cooled.

It is another object of the present invention to
provide a hollow elongated dielectric coated copper
electrode that is fluid cooled and thus enable the
electrode to operate at a lower temperature at high
power levels and high speed operations without
distortion of the electrode.

The invention relates to a process discharge
surface treatment of thermoplastic materials wherein a
continuum of the material is passed through an air gap

conti nuum which results in the pronotion of excellent adhesion

| rather than
el ect rode. The watts per inch of the corona discharge
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- 2- surface of the electrode containing the dielectric coating to
~increasb-1.6726t enperature as high as 150[err]C. Consequently, at this high
‘tenperature, the dielectric layer and the substrate will expand and if
_their coefficients of thermal expansion is not relatively close then the
~dielectric layer could crack, bend, distort or spall off. To overconme this
problem the substrate material of the el ectrode and the material of the
dielectric layer are selected so thaf fhair coefficients of thernmal
expansion were relatively close. For exanple, U 'S. Patent No. 4,841, 409

between a stationary electrode and a relatively large
roller electrode across which a high voltage is
impressed, the improvement which comprises employing as
one of the electrodes a hollow elongated copper
electrode coated with a dielectric material on at least
its surface facing the other electrode and wherein a
fluid is fed through the coated dopper electrode to
cool the copper surface under the dielectric layer
'during the corona discharge treatment so as to
effectively prevent distortion of the electrode that
could cause damage to the dielectric coating and/or
provide an uneven corona treatment to the material
being treated. The fluid that can be used to cool the
electrode may be water, deionized water, glycol or any
other liquid suitable for cooling the electrode upon
contacting the inner wall of the electrode. The
electrodes of this invention are ideally suited for
operating at a power of 10-50KV at 5 to 100 KHz.

The invention also relates to a discharge
electrode for use in a corona apparatus or in an ozone
generator comprising a hollow elongated copper
electrode having at least one longitudinai opening
through the electrode, a dielectric coating deposited
on at least a portion of its surface, and wherein said
copper electrode is preferably at least 300 millimeters
in length and the thickness of the copper wall under
the dielectric layer is at least 0.5mm thick,
preferably at least lmm thick and most preferably about
2mm thick. Copper electrodes shorter than 300
‘millimeters would generally distort during use, and if
distorted, the dégree of distortion would not be
‘sufficient to effectively cause problems to the film
being treated.
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disclosesﬁg ggthod of manufacturing a corona discharge el ectrode at which
" the .corB-#878&Pi al of the electrode has approxi mately the sane tenperature
*expansion coefficient as the dielectric material enployed as the coating.
Cooling neans are also used to keep the tenperature of the dielectric

" coated el ectrode stable and wthin control. In U S. Patent 4,145,386 a
cylindrical electrode is shown that Lsgcooled by air. In U S. Patent
4,334,144 a corona apparatus is shown in which the inside of a coated
corona electrode is cooled by a fluid. Specifically, in one enbodi nent the
el.ectrode conprises a tubular conductor of copper placed within a gl ass
tube and then a dielectric fluid of oil is fed through the copper tube to
cool the el ectroddfhem amielendgatedrecorona sake¢trode made cof reoppeyer of

the el ectrodgpg paving a dielectric layer on its surface is used in

. a corona apparatus, the discharge face of the electrode
becomes hotter than the back face of the electrode.
This difference in temperature between the discharge
face and the back face of the electrode could cause the
electrode to distort in a generally bow shaped
configuration. Although copper is a good base material
for the electrode, the difference of the coefficient of
thermal expansion between copper and the dielectric
layer could result in cracking the dielectric layer.

' To overcome these drawbacks, the copper electrode is
made hollow by having at least one longitudinal channel
through the electrode and preferably two longitudinal
channels through the electrode. A fluid is then
circulated through the corona electrode during use and
therebj cools the electrode sufficiently to prevent
distortion of the electrode and possible cracking of
the dielectric layer. The design of an electrode with

- two or more longitudinal channels will provide strength
and stiffness to the electrode and help prevent
distortion of the electrode during the corona discharge
operation. The preferred design of a multichannel
electrode would be an acruate shape electrode that has
three longitudinal channels. The center channel could
be used for the incoming fluid and the remaining two
channels could be used for returning the fluid.

The outer refractory layer may comprise any one or
more of a wide variety of refractory inorganic metal
compounds which have dielectric heat resistance
properties, such as non-conductive refractory metal
oxides, nitride and borides, dielectric ceramics and
silica which can be employed to impart high temperature
strength, wear resistance, shock resistance and other
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Copper is %éiémlconductor but does not have a coefficient of thernmal
'_expan5|5h Is close to a dielectric coated | ayer such as alum na. Thus
when using an el ongated al um na coat ed copper corona electrode in a corona
_process, the surface of the electrode facing the other electrode of the
-corona _ - - 3-

.6 -

such properties when applied as protective or shielding
coatings. Such dielectric coatings normally possess
good high thermal conductivity properties which are
desired to prevent the buildup of heat in the electrode
and also possess high resistivity, dielectric strength
and dielectric constant plus low loss factors. The
preferred outer layer would be alumina, silica, calcium
oxide, zirconia and dielectric ceramic. The thickness
of the outer layer could be from 0.25 to 5.0
millimeters and preferably from 0.5 to 1.2 millimeters
thick. )

Preferably, a sealant could be used to seal any
micropores in the outer coating and thereby f£ill any
voids in the surface of the coating. Suitable sealants
would be an epoxy sealant such as UCAR 100 sealant
which is obtained from Union Carbide Corporation,
Danbury, Connecticut. UCAR 100 is a trademark of Union
Carbide Corporation for a thermosetting epoxy resin.
Other suitable sealants are Dow Corning 994 Varnish
which is a silicone-based electrical varnish and Xylok
210 which is a phenolaralkyl resin manufactured by
Advanced Resin Ltd. of England. Xylok 210 is a
trademark of Advanced Resin Ltd. The sealant can
effectively seal fine microporosity that may be
developed during the coating process and therefore
provide a finish with good resistance to contamination
that may be encountered'during use.

rief D he Drawi

Figure 1'is a schematic view of corona discharge

film treating apparatus suitable for employment in the
practice of the process of the invention.

Figure 2A is a perspective view of one embodiment

of an electrode for use in this invention.
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systemw || rapidly increase in tenperature. The difference in tenperature
.at the syrigegsof the electrode facing the other electrode of the corona
systemw || rapidly increase in tenperature. The difference in tenperature
at the front surface of the el ectrode can becone significantly higher than
t he back surface of the copper electrode which could result in distortion
of the electrode. If the distortion is severe, the dielectric |ayer could
crack and spall off. At a minimnum a distortion of the electrode could
result in a non-uniformcorona di scharge along the | ength of the el ectrode
due to a variation in the spacing between the el ectrodes that could affect
the quality of the corona treatnent of the thernoplastic sheet being:

t, of the present invention _to
treated. 't |%,an Omfﬁzls a peré%ective view of the embodiment

of Figure 2A except the coating is deposited on a
- different surface. ' _ .

Figure 3A is a perspective view of another
embodiment of a corona electrode for use in this
invention.

Figure 3B is a perspective view of the embodlment'
of Flgure 3A except the coating is deposited on the
entire outer surface.

Figuré 4 is a perspective view of another
embodiment of an electrode for use in this invention.

Referring to Figure 1, a corona apparatus is shown
comprising a generator 10 having conductors 12 and 14
for energizing copper electrode 16 and roller electrode
18, respectively, through transformer 19. Copper
electrode 16 has a longitudinal oﬁening 20 through
which a fluid 21, such as water,.is fed from tank 22
using a conventional type pump 24. Copper electrode 16
has a dielectric coating 26 on its entire surface
covering faces A and B. Although the dielectric
coating 26 is shown applied to the complete surface of
copper electrode 16, only the face A of the electrode
that faces roller electrode 18 has to be coated. As
shown in Figure 1, roller electrode 18 is grounded. A
continuum (£film or sheet) of thermoplastic material 28
to_be treated is positioned in contact with grounded
roller electrode 18. The corona apparatus could
operate at a power of from 0.5 kilowatt to 50 kilowatts
imparting between 20 and 250 watts per square inch to
an electrode. _

In operation, sheet 28 is fed over the roller
electrode 18 while the generator 10 supplies power to
energize the electrode at least along the entire length
of the electrodes at their mutually facing areas. The

This Sheet Has Been Replaced

LT




provi de a process for the corona surface discharge treatnent of
thernnpDatG?%Gnaterlals whi ch uses a hol |l ow el ongated di el ectric coated

*copper electrode that is cooled using a fluid such as water. It is
anot her object of the present invention to provide a holl ow el ongated -
di el ectric coated copper electrode that is water cool ed. It is another

obj ect of the present invention to proyide a hollow el ongated dielectric
coat ed coppei el ectrode that is fluid Tool ed and thus enable the el ectrode
to operate at a | ower tenperature at high power |evels and hi gh speed
operations w thout distortion of the el ectrode. Summary of the Invention
The invention relates to a process discharge

" material to be treated 28, which may be a sheet or foil
of plastics or any other type material, is inserted
between the two eiectrodes 16 and 18 in the areas where
the discharge is to occur. Since nearly all of the
electric power supplied to the electrodes is converted
into heat which is distributed between the surfaces of
the electrodes, the temperature of the electrodes
increases. The front face A of corona electrode 16 is
heated hotter than the back face B which could cause
the electrede 16 to distort.. To prevent this
distortion, a fluid 21, such as a water-based liquid is
fed through the electrode preferably on a continuous
basis. ' |

A discharge electrode of this invention could be
composed of a hollow elongated electrode having two
separately defined hollow channels. Figure 2A shows
such a rectangular electrode composed of a discharge
electrode 30 coated with a dielectric material on a
portion of its external surface 31 and having a first
‘hollow opening 32-and a second hollow opening 34. In
uéing this embodiment of the invention, a fluid could
be fed through one opening 32 and return ihrough
parallel opening 34. Preferably, the cooling fluid is
a waterfbaséd liquid which is fed through the opening
that contains the dielectric coating on the exterior of
at least one of the walls defining said opening and.
withdrawn through the other opening. Figure 2B shows a
similar rectangular electrode 30 with hollow openings
34 and 36 and having a dielectric coating 33 on its
external surface as shown in which the coating 33 is
disposed on surfaces defining the hollow openings 34
and 36.

Figure 3A shows another embodiment of the
invention employing a tubular hollow electrode 40
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surface treatnent of thernDpIastlc materi al s mhereln a continuum of the
mat er i aP=-L67@&ssed through an air gap -4-
*between a stationary electrode and a rel atively Iarge roll er el ectrode
across which a high voltage is

having a centrally defined opening 42. A fluid, such
as a water-based liquid, could be fed through electrode
40 to cool the external coating 44 on the electrode for
the reasons discussed above. Figure 3B shows a similar
tabular electrode 40 having a cehtrally defined opening
42 and an external coating 45 deposited on the entire
external longitudinal surface of the electrode 40.
Figure 4 shows another embodiment of the invention

' employing an arcuate hollow'electrode 50 having three
spaced apart longitudinal openings 52, 54 and S6. A
coolant fluid could be fed through opening 52 and
returned through openings 54 and 56. A dielectric
coating 58 is deposited on the surface of electrode 50
that will face electrode 18 in Figure 1.

It will be understood that various changes in the
details, materials and arrangements 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, the cross-
section of the corona electrode could comprise any
polygonal shape configuratioh such as a square, a
rectangle, a pentagon, or any other shape such as an
arcuate shape. |
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| npressed, the inprovenent which conprises enploying as one of the

: eleqtrodE§1§7%6lIom/elongated copper el ectrode coated- wth a dielectric
~material on at least its surface facing the other el ectrode and wherein a
fluid is fed through the coated copper electrode to cool the copper surface
.under the dielectric layer during the corona discharge_treatment so as to
effectively prevent distortion of the glgectrode that could cause damage to
the dielectric coating and/or provide an uneven corona (This8heeteiss Bean Replaced
material being treated. The fluid that can be used to coo e
may be water, deionized water, glycol or any other liquid

cooling the el ectrode upon contacting the inner wall of the electrode. The
el ectrodes of whHats is\@aimed are ideally suited for operating at a power of
10-50KV at 5 to 100 KHz. The invention also relates to a discharge

1. A process discharge surface treatment of
thermoplastic materials wherein a continuum of the
material passes through an air gap between a stationary
electrode and a roller electrode across while a high
voltage is impressed, the impfovement which comprises
employing as one of the electrodes a hollow elongated
copper electrode coated with a dielectric material on
at least its surface facing the other electrode and
wherein a fluid is fed through the coated copper
electrode to cool the copper surface under the
dielectric coating during the corona discharge
treatment so as to effectively prevent distortion of
the electrode during the corona discharge treatment.

2. The process of claim 1 wherein the stationary
electrode is the hollow elongated copper electrode
coated with a dielectric material on at least its
surface facing the roller electrode.

3. The process of claim 1 wherein the dielectric
material is selected from the group consisting of
alumina, silica, calcium oxide and zirconia.

4. The process of claim 3 wherein the stationary
electrode is at least 300 millimeters in length.

S. The process of claim 4 wherein the dielectric
material is alumina.

6. The process of claim 2 wherein a sealant
material is deposited on top of the dielectric coating.

A



_electrqu ng se in a corona apparatus or in an ozone generator conprising
.a hollow é ongated copper el ectrode having at |east one |ongitudinal '
‘openi ng through the electrode, a dielectric coating deposited on at Ieast a .
portion of its surface, and wherein said copper electrodgisifeei}if BEnRR 1¥c
| east 300 mllimeters in length and the thickness of the
the dielectric layer is at least 0.5mm4{ihick, preferably mﬂmlﬂm h| ck
and nost preferably about 2mm thick. Copper electrodes sh
mllimeters would generally distort during use, and if distorted, the
degree of distortion would not be sufficient to effectively cause problens
to the film being treated.

7. The process of claim 1 wherein the fluid fed

through the electrode is deionized water.

8. The process of claim 7 wherein the dielectric
material is alumina.

9. An electrode comprising a hollow elongated
copper electrode having at least one longitudinal
opening through the electrode, a dielectric coating
deposited on at least a portion of its surface, and
wherein said copper electrode is at least 300
millimeters in length and the thickness of the copper
wall under the dielectric layer is at least 0.5mm
thick.

10. The electrode of claim 9 wherein the
dielectric material is selected from the group
consisting of alumina, silica, calcium oxide and
zirconia.

11. The electrode of clalm 10 whereln the
dlelectrlc material is alumina.

12. The electrode of claim 9 wherein the
dielectric coating is at least 0.5mm thick.

13. The electrode of claim 9 wherein the cross-
section of the electrode is rectangular.

- 14. The electrode of claim 9 wherein the cross-
section of the electrode is arcuate.

;5. The electrode of claim 9 wherein the cross-
section of the electrode is circular.

—_—
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When an el ongat ed corona el ectrode made of copper and having a dielectric
| ayer om-higg2surface is used in a corona apparatus, the discharge face of
~the el ectrode becones hotter than the back face of the electrode. This
~difference in tenperature between the discharge face and the back face of
the el ectrode could cause the electrode to distort in a generally bow

shaped
P - 12 -

16. The electrode of claim 9 wherein said
electrode has at least two parallel longitudinal
openings. '

17. The electrode of claim 16 wherein the
dielectric material is selected from the group
consisting of alumina, silica, calcium oxide and
zirconia.

18. The electrode of claim 17 wherein the cross-
section of the electrode is rectangular or arcuate.

' 19. The electrode of claim 16 wherein the cross-
section of the electrode has an arcuate shape.
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configuration. Although copper is a good base material for the el ectrode,

t he m1ﬁeﬁ1%ﬁ%?Qﬁ the coefficient of thermal expansion between copper and
the di el ectric | ayer could result in cracking the dielectric |ayer. To
overcone these drawbacks, the copper electrode is made holl ow by having at
| east one | ongitudi nal channel through the el ectrode and preferably two

-l ongi tudi nal channels through the electygode. A fluid is then circul ated

t hrough the corona el ectrode during use and thereby cools the el ectrode
sufficiently to prevent distortion of the el ectrode and possi bl e cracking
of the dielectric layer. The design of an electrode with two or nore

| ongi tudi nal channels w |l prOV|de strength and stlffness to the el ectrode
and hel p prevent di st or {FHlQ g e € ol L yodegna di scharge
operation. The prefy d be an
acruat e shape el ectfot -

A hollow elongated copper corona electrode that
contains a dielectric coating and is cooled by a fluid,
such as a water-base liquid, being fed through the
electrode and a process for using such an electrode in
a corona apparatus or in an ozone generator.

’

e
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t hree | ongi tudi nal channels. The center channel could be used for the
incam ng fluid and the renmai ning two channels coul d be used for returning
the fluid. The outer refractory |ayer may conprise any one or nore of
a wde variety of refractory inorganic netal conpounds which have

di el ectric heat resistance properties, such as non-conductive refractory
metal oxides, nitride and borides, dielectric ceramcs and silica which can
be enpl oyed to inpart high tenperature strength, wear resistance, shock

10
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such properties when applied as protective or shielding coatings. Such
di,ekectric coatings normally possess good high thermal ‘conductivity
properties which are desired to prevent the buildup of heat in the

el ectrode and al so possess high resistivity, dielectric strength and

di el ectric constant plus low loss factors. The preferred outer |ayer would
be alumna, silica, calciumoxide, zirconia and dielectric ceramc. The

t hi ckness of the outer layer could be from0.25 to 5.0 mllimeters and
preferably from0.5 to 1.2 mllinmeters thick.
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- Preferably, a sealant coul d be used to seal any
coating and thereby fill any voi ds.in the surfac

n1CfRERHAEENﬂm¢THEHEﬂBer SG
3
.seal ants woul d be an epoxy seal ant such as UCAR 1 ¢
/
h

RDdbiptionatpaged .. Bdb tpahed..T.
Cigalant vm@&.m.:'to ed..'.?-.
GAtg () U ipagddARY Yages ..

obt ai ned from Uni on Carbi de Corporatiqon, Danbury
a trademark of Union Carbide Corporation for at

O her suitable seal ants are Dow Corni ng 994 varn,'

sili cone-based el ectrical varnish and Xyl ok 210 4 gj},’:l égaB’BE§&g{, agﬁJ,[lqyl

resi n manufact ured by Advanced Resin Ltd of Eng

m croporosity th@n Isen |3 , 3 B Do
t herefore provide a finish with good reS|stance to contan1nat|on t hat may

be encountered_during use.
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The invention relates to a hollow copper corona
electrode that is liquid cooled and a process for using
the liquid cooled copper electrode in a corona
apparatus or an ozone generator.

Background of the Invention

It is well known that adhesion to the surfaces of
materials is improved by the exposure to a corona
discharge. Thus corona treatment has been used to
treat the surfaces of thermoplastic materials to
improve the adhesion of printing inks, paints, coatings
and bodies of other materials. .

Many methods for the continuous corona discharge
surface treatment of thermoplastic materials have been
employed wherein the material continuum is passed
through an air gap between stationary and roller
electrodes. The stationary electrode is typically a
bar or cluster of bars and the relatively large roller
electrode is coated with a dielectric coatings. A
high voltage, of the order of 20KV at 10kHz, is
typically impressed across the electrodes. A corona
arc discharge is developed in the gap and produces
surface treatment of the thermoplastic material
continuum which results in the promotion of excellent
adhesion properties on the surface of the treated
continuum. Recently, the stationary electrode has beén
coated with a dielectric layer rather than the roller
electrode. |

The watts per inch of the corona discharge system
during the continuous treatment of a thermoplastic
material continuum results in the temperature of the
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.Brief. Descrlptlon of the EXamnng - Figure 1 is a schenatlc vi ew of
corona di scharge filmtreating apparatus suitable for enpl oyment in the
. practice of the process of ‘the invention. Figure 2A is a perspective
vi ew of one enbodi ment of an electrode for use in this invention.

-7- - 2 -

surface of the electrode containing the dielectric
coating to increase to a temperature as high as 150°C.
Consequently, at this high temperature, the dielectric
layer and the substrate will expand and if their
coefficients of thermal expansion is not relatively
close then the dielectric layer could crack, bend,
distort or spall off. To overcome this problem, the
substrate material of the electrode and the material of
the dielectric layer are selected so that their
coefficients of thermal expansion were relatively
close. For example, U.S. Patent No. 4,841,409
discloses a method of manufacturing a corona discharge
electrode at which the core material of the electrode
has approximately the same temperature expansion
coefficient as the dielectric material employed as the
coating.

Cooling means are also used to keep the
temperature of the dielectric coated electrode stable
and within control. In U.S. Patent 4,145,386 a
cylindrical electrode is shown that is cooled by air.
In U.S. Patent 4,334,144 a corona apparatus is shown in
which the inside of a coated corona electrode is cooled
by a fluid. Specifically, in one embodiment the
electrode comprises a tubular conductor of copper
placed within a glass tube and then a dielectric fluid
of oil is fed through the copper tube to cool the
electrode. In this embodiment, glass is the dielectric
layer of the electrode.

Copper is a good conductor but does not have a
coefficient of thermal expansion that is close to a
dielectric coated'layer such as alumina. Thus when
using an elongated alumina coated copper corona
electrode in a corona process, the surface of the
electrode facing the other electrode of the corona

This is the replacement sheet
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‘Figure 2B is a perspective view of the enbodi nent of Flgure 2A except the

~coating is deposited on a different surface. - Figure 3Ais a
_perspective view of another enmbodi nent of a corona el ectrode for use in’
this invention. Figure 3B is a perspective view of the enbodi nent of

Fi gure 3A except the coating is deposited on the entire outer surface.
Figure 4 is a perspective view of anot h#r “enbodi ment of an el ectrode for
use in this invention. Referring to Figure 1, a corona apparatus is
shown conprising a generator 10 having conductors 12 and 14 for energi zing
copper electrode 16 and roller electrode 18, respectively, through

transformer 195ysc€é)n?evrtill rapidly increase in temperature. The
difference in temperature at the surface of the
electrode facing the other electrode of the corona
system will rapidly increase in temperature. The
difference in temperature at the front surface of the
electrode can become significantly higher than the back
surface of the copper electrode which could result in
distortion of the electrode. If the distortion is
severe, the dielectric layer could crack and spall off.
At a minimuym, a distortion of the electrode could
result in a non-uniform corona discharge along the
length of the electrode due to a variation in the
spacing between the electrodes that could affect the
quality of the corona treatment of the thermoplastic
sheet being treated. ‘

It is an object of the present invention to
provide a process for the corona surface discharge
treatment of thermoplastic materials which uses a
hollow elongated dielectric coated copper electrode
that is cooled using a fluid such as water. '

It is another object of the present invention to
provide a hollow elongated dielectric coated copper
electrode that is water cooled.

It is another object of the present invention to
prbvide a hollow elongated dielectric coated copper
electrode that is fluid cooled and thus enable the
electrode to operate at a lower temperature at high
power levels and high speed operations without
distortion of the electrode.

Summary of the Invention

The invention relates to a process discharge
surface treatment of thermoplastic materials wherein a
continuum of the material is passed through an air gap
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-el ectrode 16 has a longitudinal opening 20 through which a fluid 21, such

as water, is fed fromtank 22 using a conventi-onal type punp 24. Copper :
“‘electrode 16 has a dielectric coating 26 on its entire surface covering
“faces A and B. Although the dielectric coating 26 is shown applied to the
conpl ete surface of copper electrode 16, only the face A of the el ectrode
that faces roller electrode 18 has tog4be coated. As shown in Figure 1
roller electrode 18 is grounded. A continuum (filmor sheet) of
thernoplastic material 28 to be treated is positioned in contact with
grounded roller electrode 18. The corona apparatus coul d operate at a power
of fromO0.5 kilowatt to 50 kilowatts inparting between 20 and 250 watts per
square inch betwsenl acstatdonary electredat and asredati¥ely flaggever the

rol I er e'eCtESQEQ}BETQEEQQEEFa%&%%%?%%&gﬁ?g?ﬂ&@hi%%1@@8@'1%0
impressed, the improvement which comprises employing as
one of the electrodes a hollow elongated copper
electrode coated with a dielectric material on at least
its surface facing the other electrode and wherein a
fluid is fed through the coated copper electrode to
cool the copper surface under the dielectric layer
during the corona discharge treatment so as to '
effectively prevent distortion of the electrode that
could cause damage to the dielectric coating and/or
provide an uneven corona treatment to the material
being treated. The fluid that can be used to cool the
electrode may be water, deionized water, glycol or any
other liquid suitable for cooling the electrode upon
contacting the inner wall of the electrode. The
electrodes of this invention are ideally suited for
operating at a power of 10-50KV at 5 to 100 KHz.

The invention alsc relates to a discharge
electrode for use in a corona apparatus or in an ozone
generator comprising a hollow elongated copper
electrode having at least one longitudinai opening
through the electrode, a dielectric coating deposited
on at least a portion of its surface, and wherein said
copper electrode is preferably at least 300 millimeters
in length and the thickness of the copper wall under
the dielectric layer is at least 0.5mm thick,
preferably at least lmm thick and most preferably about
2mm thick. Copper electrodes shorter than 300
millimeters would generally distort during use, and if
distorted, the degree of distortion would not be
sufficient to effectively cause problems to the £ilm
being treated.
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energi ze the el ectrode at |east along the entlre Iength of the el ectrodes

“at their mut ual |y facing areas. The : S -8-
material to be treated 28, which may be a sheet or f0|I of plastics or any

other type material, is inserted

When an elongated corona electrode made of copper
and having a dielectric layer on its surface is used in
& corona apparatus, the discharge face of the electrode
becomes hotter than the back face of the electrode.
This difference in temperature between the discharge
face and the back face of the electrode could cause the
electrode to distort in a generally bow shaped
configuration. Although copper is a good base material
for the electrode, the difference of the coefficient of
thermal expansion between copper and the dielectric
layer could result in cracking the dielectric layer.

To overcome these drawbacks, the copper electrode is
made hollow by having at least one longitudinal channel
through the electrode and preferably two longitudinal
channels through the electrode. A fluid is then
circulated through the corona electrode during use and
therebf cools the electrode sufficiently to prevent
distortion of the electrode and possible cracking of
the dielectric layer. The design of an electrode with
two or more longitudinal channels will provide strength
and stiffness to the electrode and help prevent
distortion of the electrode during the corona discharge
operation. The preferred design of a multichannel
electrode would be an acruate shape electrode that has
three longitudinal channels. The center channel could
be used for the incoming fluid and the remaining two
channels could be used for returning the fluid.

The outer refractory layer may comprise any one or
more of a wide variety of refractory inorganic metal
compounds which have dielectric heat resistance
properties, such as non-conductive refractory metal
oxides, nitride and borides, dielectric ceramics and
silica which can be employed to impart high temperature
strength, wear resistance, shock resistance and other
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between.the two el ectrodes 16 and 18 i-n the areas where the discharge is to
occur. Since nearly. all of the electric power supplied to the electrodes is
converted into heat which is distributed between the surfaces of the

"el ectrodes, the tenperature of the electrodes increases. The front face A

of corona electrode 16 is heated hotter than the back face B which could
cause the electrode 16 to distort. To @revent this distortion, a fluid 21,
such as a water-based liquid is fed through the el ectrode preferably on a

conti nuous basis. A di scharge el ectrode of this invention could be
conposed of a hoIIOM/eIongated el ectrode having two separately defined

hol | ow channel s %yre A sho such r.ect anqul ar Iectrod .C osed of a
di schar ge eIeEPFBd PIeFer5Aesy hagpaggpeéFr éﬁla n s gggpgh of

its external soatings3l Soad¢hhdiedecarficr gbatings normally possess
good high thermal conductivity properties which are
desired to prevent the buildup of heat in the electrode
and also possess high resistivity, dielectric strength
and dielectric constant plus low loss factors. The
preferred outer layer would be alumina, silica, calcium
oxide, zirconia and dielectric ceramic. The thickness
of the outer layer could be from 0.25 to 5.0
millimeters and preferably from 0.5 to 1.2 millimeters
thick.

Preferably, a sealant could be used to seal any
micropores in the outer coating and thereby £ill any
voids in the surface of the coating. Suitable sealants
would be an epoxy sealant such as UCAR 100 sealant
which is obtained from Union Carbide Corporation,
Danbury, Connecticut. UCAR 100 is a trademark of Union
Carbide Corporation for a thermosetting epoxy resin.
Other suitable sealants are Dow Corning 994 Varnish
which is a silicone-based electrical varnish and Xylok
210 which is a phenolaralkyl resin manufactured by
Advanced Resin Ltd. of England. Xylok 210 is a
trademark of Advanced Resin Ltd. The sealant can
effectively seal fine microporosity that may be
developed during the coating process and therefore
provide a finish with good resistance to contamination
that may be encountered during use.

rief Description he Drawi
Figure 1 is a schematic view of corona discharge
film treating apparatus suitable for employment in the
practice of the process of the invention.
Figure 2A is a perspective view of one embodiment
of an electrode for use in this invention.
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"hol | ow openi ng 32, and a second hol | ow opening 34. In using this enbodi nent
~of the invention, a fluid could be fed through one opening 32 and return

. through paral l el opening 34. Preferably, the cooling fluid is a water-based
liquid which is fed through the openlng that contains the dielectric
coating on the exterior of at |east one?of the walls defining said opening
and wi t hdrawn t hrough the other opening. Figure 2B shows a simlar
rectangul ar el ectrode 30 with hol | ow openings 34 and 36 and having a
dielectric coating 33 on its external surface as shown in which the coating

i gur e 3A Shows. andUIBE S AR at o (PR SRe T YR CFE FBroE s PP SEReAR o
hoIIOM/eIectraﬂbFﬂgure 2A except the coating is depcszted on a
different surface. .

Figure 3A is a perspective view of another
embodiment of a corona electrode for use in this
invention. .

Figure 3B is a perspective view of the embodiment
of Figure 3A except the coating is deposited on the
entire outer surface.

Figuré 4 is a perspective view of another
embodiment of an electrode for use in this invention.

Referring to Figure 1, a corona apparatus is shown
comprising a generator 10 having conductors 12 and 14
for energizing copper electrode 16 and roller electrode
18, respectively, through transformer 19. Copper
electrode 16 has a longitudinal opening 20 through
which a fluid 21, such as water, is fed from tank 22
using a conventional type pump 24. Copper electrode 16
has a dielectric coating 26 on its entire surface
covering faces A and B. Although the dielectric
coating 26 is shown applied to the complete surface of
copper electrode 16, only the face A of the electrode
that faces roller electrode 18 has to be coated. As
shown in Figure 1, roller electrode 18 is grounded; A
continuum (£ilm or sheet) of thermoplastic material 28
to be treated is positioned in contact with grounded
roller electrode 18. The corona apparatus could
operate at a power of from 0.5 kilowatt to 50 kilowatts
imparting between 20 and 250 watts per square inch to
an electrode.

In operation, sheet 28 is fed over the roller
electrode 18 while the generator 10 supplies power to

'énergize the electrode at least along the entire length
of the electrodes at their mutually facing areas. The
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- O- having a centrally defined opening 42. A fluid,. such as a S
wat er - based |iquid, could be fed through electrode 40 to cool the external
- coating 44 on the electrode for the reasons di scussed above. Figure 38

shows a simlar tabular electrode 40 having a centrally defined opening 42

and an external coating 45 deposited on the entire-
- 8 = .

material to be treated 28, which may be a sheet or foil
of plastics or any other type material, is inserted
between the two electrodes 16 and 18 in the areas where
the discharge is to occur. Since nearly all of the
electric power supplied to the electrodes is converted
into heat which is distributed between the surfaces of
the electrodes, the temperature of the electrodes
increases. The front face A of corona electrode 16 is
heated hotter than the back face B which could cause
the electrede 16 to distort. To prevent this
distortion, a fluid 21, such as a water-based liquid is
fed through the electrode preferably on a continuous
basis.

A discharge electrode of this invention could be
composed of a hollow elongated electrode having two
separately defined hollow channels. Figure 2A shows
such a rectangular'electrode composed of a discharge
electrode 30 coated with a dielectric material on a
portion of its external surface 31 and having a first
hollow opening 32 and a second hollow opening 34. In
uéing this embodiment of the invention, a £luid could
be fed through one opening 32 and return Ehrough
parallel opening 34. Preferably, the cooling fluid is
a water-based liquid which is fed through the opening
that contains the dielectric coating on the exterior of
at least one of the walls defining said opening and.
withdrawn through the other opening. Figure 2B shows a
similar rectangular electrode 30 with hollow openings
34 and 36 and having a dielectric coating 33 on its
external surface as shown in which the coating 33 is
disposed on surfaces defining the hollow openings 34
and 36. - :

Figure 3A shows another embodiment of the
invention employing a tubular hollow electrode 40
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external -l ongi tudinal surface of the el ectrode 40. - Figure 4 shows

anot her enbodi nent of .the inventi.on enpl oying an arcuate hol | ow el ectrode .
50 having three spaced apart |ongitudi nal openings 52, 54 and 56. A cool ant
fluid could be fed through opening 52 and returned through openi ngs 54 and
56. A dielectric coating 58 is deposited on the surface of electrode 50
that will face electrode 18 in Figure 2. = It will be understood that
various changes in the details, materials and arrangenments 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 clainms. For

ol yoonal  shaBEVLBA AgEPAEFaY ¥ Rt iGed CRRALEY 421 cchafdRads RSBERt agon, or
any other shaps auwates-basedcligaidhapould be fed through electrode
' 40 to cool the external coating 44 on the electrode for
the reasons discussed above. Figure 3B shows a similar
tabular electrode 40 having a centrally defined opening
42 and an external coating 45 deposited on the entire
external longitudinal surface of the electrode 40.

Figure 4 shows another embodiment of the invention
employing an arcuate hollow electrode 50 having three
spaced apart longitudinal openings 52, 54 and 56. A
coolant fluid could be fed through opening 52 and
returned through openings 54 and 56. A dielectric
coating 58 is deposited on the surface of electrode 50 .
that will face electrode 18 in Figure 1.

It will be understood that various changes in the
details, materials and arrangements 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, the cross-
section of the corona electrode could comprise any
polygonal shape configuration such as a square, a
rectangle, a pentagon, or any other shape such as an
arcuate shape.
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CLAIMS 1, .. A process dlscharge surface treatnent of materials wherein a
contlnuunlof the naterlal : : _

[THIS SHEET HAS BEEN
REPLAGED

This Sheet Has Been Reﬁlaced

1. A process discharge surface treatment of
thermoplastic materials wherein a continuum of the
‘material passes through an air gap between a stationary
electrode and a roller electrode across while a high
voltage is impressed, the improvement which comprises
employing as one of the electrodes a hollow elongated.
copper electrode coated with a dielectric material on
at least its surface facing the other electrode and
wherein a fluid is fed through the coated copper
electrode to cool the copper surface under the
dielectric coating during the corona discharge
treatment so as to effectively prevent distortion of
the electrode during the corona discharge treatment.

at o] e |

2. The process of claim 1 wherein the stationary
electrode is the hollow elongated copper electrode
coated with a dielectric material on at least its
surface facing the roller electrode.

3. The process of claim 1 wherein the dielectric
material is selected from the group consisting of
alumina, silica, calcium oxide and zirconia.

4. The process of claim 3 wherein the stationary.
electrode is at least 300 millimeters in length.

5. The process of claim 4 wherein the dielectric
material is alumina.

6. The process of claim 2 wherein a sealant
material is deposited on top of the dielectric coating.
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(28) passes through an air gap between a statronary eIectrode (16 30, 40,
50) and a rot+er—eleetrode (18) while a high yor-tege—ts—i-fpressed
acress sar ect rodes vvherer n only a porti o 8IS BHEET: HAS| REEA v
el ect rode edf aces the spaced apart rofler REPLAGERI ectrjde
and the sta n iﬂ: ode is-a hollow el ongated netal el ectrodetuodt ed
W th material (263133, 44, 45, 58) on at least its
surface facing the roller electrode, and wherein a fluid (21) is fed
t hrough the coated netal electrode to cool the netal surface under
the dielectric coating during the corona discharge treatnent, characterized
in that for the treatnent of thernoplastic nat |m atj.on cpat ed
copper electrode 7- Thegprogess,®L ﬁ%a%rlcﬁ’ %%fs él&‘ﬁ? 89 i nmeters
in length iSdﬁiﬁ&gﬁﬂuhé'Eﬂedtﬁddé“ik delonlzénﬂwamaiJU|d (21) is passed
through said stationary copper electrode at a rate sufficient to
effectively prevent distortion of the electrode during the corona di scharge
treatment. 2. Bhe pr'lmee&:maﬁess ofnclaimet evherdin dike atielectmii@rial is
sel ected from&ﬁ;;iEir égwwrstrng of alum na, silica, calcium oxide

and zirconia process ‘of claim2 wherein the dielectric materia
s al um na.

S. An electrode comprising a hollow elongated
copper electrode having at least one longitudinal
opening through the electrode, a dielectric coating
deposited on at least a portion of its surface, and
wherein said copper electrode is at least 300
millimeters in length and the thickness of the copper
wall under the dielectric layer is at least 0.5mm
thick.

10. The electrode of claim 9 wherein the
dielectric material is selected from the group
consisting of alumina, silica, calcium oxide and
zirconia.

11. The electrode of claim 10 wherein the
dielectric material is alumina. ’

12. The electrode of claim 9 wherein the
dielectric coating is at least 0.5mm thick.

13. The electrode of claim 9 wherein the cross-
section of the electrode is rectangular.

14. The electrode of claim 9 wherein the cross-
section of the electrode is arcuate.

15, The electrode of claim 9 wherein the cross-

section of the electrode is circular.
This is the replacement shaet
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'4. The process of claim| wherein a sealant material is deposited on top
of the dielectric - " coating (26, 33, 44, 45, 58).. ) The process of
claim1 wherein the fluid (21) fed through the st at r 16,
30, 40, 50) is deionized water. .B6. tge process p®%§ XHQﬁER QﬂE~ t he
dielectric material is alum na. . orona di scharge Q LIS
conprising a stationary electrode (16, 30, 40, 50), a spaced apart
roller electrode (18), and neans (10, 19) for inducing a high voltage

acr oss said electrodes, only a portion of said stationary el ectrode
facing the spaced apgrt gkl siectroaeebecaaﬁlﬁ 3ninsaednShaligonary

el ectrode conpriS|nﬁ $ hol | ow el ongated neta ectrode havi ng at
| east one | ongPteEFhafecRRAi Ay {edStadwosparadledslongitydingh, ough t he
openings.

17. The electrode of claim 16 wherein the
dielectric material is selected from the group
consisting of alumina, silica, calcium oxide and
zirconia.

18. The electrode of claim 17 wherein the cross-
section of the electrode is rectangular or arcuate.

19. The elect:ode of claim 16 wherein the cross-
section of the electrode has an arcuate shape.

Sheet Has Been Replaced
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el ectrode, a di el ectric coating (26, 33, 44, 45, 58)'deposited on at | east

a portion of its. surface facimng the roIIer el ectrode, characterized .
In that said statlonary electrode is a copper e 40,
50) which is at least 300 nillineters in |ength and t TINSOBHEET HAS \BEENH a
liquid cooling fluid is fed, and that tfie t hi ckness o thefﬁppmgﬂ)mall
under the dielectric Iayer (26, 33, 44, 45, 58) ; m
thick. 8. The apparatus of claim7 wherein the cross-section of the
stationary electrode (16, 30) is rectangular 9. The apparatus of
claim7 wherein the cropgysa 90edf B . hPEaR! Bl 6 jede (50) is

A hollow elongated copper corona electrode that
contains a dielectric coating and is cooled by a fluigd,
such as a water-base liquid, being fed through the
electrode and a process for using such an electrode in
a corona apparatus or in an ozone generator. |

Figure 1.
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arcuate. ., 10. . The apparatus of claim7 wherein the cross-secti ofPo8¢ % he

. Stationary electrode (40) is circular. 11. The apparatus of claim?7
~ wherein said stationary el ectrode (30, 50) has at |east two par al | el
| ongi t udi nal openings (32, 34; 52, 54, 56). 12. The apparatus of any one .
of claims 7 to 11 wherein the dielectric nater This isthsebsiab@tient shedi’ oM t he
group consisting of alumna, silica, calciumoxide and zirconia. 13. The

apparatus of claim 12 wherein the l%i electric nBt'a?er:i al  Ps4 MAN1997

CLAIMS

1. A process discharge surface treatment of materials wherein a continuum of the marterial
(28) passes through an air gap between a stationary electrode (16, 30, 40, 50) and a
roller electrode (18) while a high voltage is impressed across said electrodes, wherein
only a portion of the stationary electrode (16, 30, 40, 50) faces the spaced apart roller
clecirode and the stationary electrode is a hollow elongated metal electrode coated with
- a dielectric material (26, 33, 44, 45, 58) on at least its surface facing the roller electrode,
and wherein a fluid (21) is fed twough the coated metal electrode to cool the metal
surface under the dielectric coating during the corona discharge treatment, characterized
in that for the treatment of thermoplastic material a stationary coated copper electrode
(16, 30, 40, 50) which is at least 300 millimeters in length is used, and that a liquid
cooling fluid (21) is passed through said stationary copper electrode at a rate sufficient

to effectively prevent distortion of the electrode during the corona discharge treatment.

2.  The process of claim | wherein the dielectric material is selected from the group
consisting of alumina, silica, calcium oxide and zirconia.

3.  The process of claim 2 wherein the dielectric material is alumina.

4.  The process of claim 1 wherein a sealant material is deposited on top of the dielectric
coating (26, 33, 44, 45, 58). '

5.  The process of claim 1 wherein the ﬂuid (21) fed through the stationary electrode (16,
30, 40, 50) is deionized water,

6.  The process of claim 5 wherein the dielectric material is alumina,

7. A corona discharge apparatus comprising a stationary electrode (16, 30, 40, 50), a
spaced apart roller electrade (18), and means (10, 19) for inducing a high voltage across
said electrodes, only a portion of said stationary electrode facing the spaced apart roller
electrode and said stationary electrode comprising a hollow elongated metal electrode
baving at least one longitudinal opening (20, 32, 34, 42, 52, 54, 56) through the

REPLACEMENT SHEETS G

o Abstract  :pagzd .\ to paged <o

ORI | oo o secmrr. o

NN




16. The el,ectrode of claim9 wherein said el ectrode has at |east two

par al | el i) ongi t udi nal openi ngs. 17. The ele '«H% ;1
wherein the dielectric material is selected from tﬁ‘é‘ggggﬁgt%tﬁ)nm nsé‘xeg.
alum na, silica, calciumoxide and zirconi a. 2 4 MAY 1897

: 1 Date:

clectrode, a dielectric coating (26, 33, 44, 45, 58) depasited on at least a portion of its
surface facing the roller electrode, characterized in that said stationary electrode is a
copper electrode (16, 30, 40, 50) which is at least 300 millimeters in Iength and through
which a liquid cooling fluid is fed, and that the thickness of the copper wall under the
dielectric layer (26, 33, 44, 45, 58) is at least 0.5 mm thick.

8.  The apparatus of claim 7 wherein the cross-section of the stationary electrode (16, 30) is
rectangular. .

9. - The apparatus of claim 7 wherein the crass-section of the stationary e.;lcctrode (50) is
arcuate.

10. The apparatus of claim 7 wherein the cross-section of the stationary electrode (40) is
circular. -

11. The apparatus of claxm 7 wherein said stationary electrode (30, 50) has at least two
paralle} longltudmal openings (32, 34; 52, 54, 56).

12. The apparatus of any one of claims 7 to 11 wherein the dielectric material is selected
from the group consisting of alumina, silica, calcium oxide and zirconia.

13. The apparatus of claim 12 wherein the dielectric material is alumina.
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18] The electrode of claim 17 wherein the cross- section of the electrode
;i s'rectangul ar or arcuate. -.19.7:-The "el'ect rode of claim 16 wherein the

cross- section of the electrode has an arcuate $REPS the replacament sheet
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Eluid Cooled Hollow Copper Electrodes
And Their Use in Corona or Ozope Applications
Abstract

A hollow elongated copper corona electrode that
contains a dielectric cbating and is cocled by a fluid,
such as a water-base liquid, being fed through the
electrode and a prbcess for using such an electrode in
a corona apparatus or in an ozone generator.

Figure 1.



