
EP 0 473 574 B1 Description                                        erably
covered with a dielectric insulating surface as disclosed in U.S. Patent
No. 3,578,739. 1. Field of the Invention:
U.S. Patent No. 3,689,608 to Hollberg et al discloses a process for forming
a nonwoven web This invention relates to the manufacture of   5   that
includes electrostatic charging of the web in a dielectric surfaces of
target electrodes used in the  corona discharge zone between an ion gun and
an application of electrostatic charge to fibrous struc-  all-metal target
plate. Experience has shown that tures, and relates more particularly to
the process  fouling particle deposits collecting upon metal tar- for
molding dielectric surface layers of target elec-  get electrodes rapidly
reduce the effectiveness of trodes used in the application of electrostatic
10  electrostatic charging of the web for the reason and charge to
multifibrous webs during manufacture     in the manner hereinbefore
Indicated in conjunction thereof by flash-spinning, subsequent charging and
with U.S. Patent No. 3,578,739. spreading, and depositing onto a moving
surface.       The present invention is intended to substan- tially reduce
the aforesaid problems associated 2. Prior Art and Other Considerations,
15   with target electrodes that have resulted in rela- tively short useful
operating life for heretofore Processes and apparatus for flash-spinning
known target electrodes and surface coverings multifibrous web structures
of interconnecting fi-  therefor, and accordingly, the invention has as a
brous filaments, including target electrodes used in  primary object the
provision of a process for mold- electrostatic charging of thusly spun
fibrous struc-  20  ing of a dielectric target surface layer to signifi-
tures for spreading and depositing thereof, are    cantly reduce the rate
of loss in charging efficiency known in the art.
caused by in-process degradation of the surface U.S. Patent No. 3,578,739
issued to George      layer and by flash-spun fouling deposits accumulat-
discloses an apparatus for applying electrostatic  ing upon the target
electrode in the course of charge to flash-spun fibrous structures, wherein
the   25  electrostatic charging of the fibrous structure that is fibrous
structures pass through a charging zone     being fed to and along the
target surface, so that between a corona discharge electrode and a target
useful target surface layer operating lifetimes are electrode, the target
electrode having a conductive  achieved that are significantly longer than
here- base and a high-resistance surface covering. The   tofore possible.
high-resistance dielectric surface covering is pro-  30  It is a further
object of the invention to provide vided to reduce a problem-causing effect
asso-      a process for molding of a dielectric surface layer ciated with
flash-spinning and electrostatic charging  to achieve therefor a continuous
and smooth sur- of fibrous structures, namely the generation of    face
being substantially free of defects, such as small separated particles
which become attracted   scratches, nicks, and cracks, to provide a
dielectric to the target electrode and build up an electrically  35
surface layer that is substantially homogeneous insulating film thereupon.
When the potential drop  throughout, having substantially no voids and air
or across this film exceeds its dielectric strength,   gas inclusions
within the layer and at the interface breakdown occurs and tiny craters are
created that  thereof with the metal target base over which it is become a
source of "back corona", causing neu-      molded, and to promote intimate
adhesion between tralization of the charge on the fibrous structures   40
the molded dielectric surface layer and the metal with consequent
degradation and loss of process    target base. performance. The
high-resistance dielectric surface covering spreads out the charging field,
thereby    SUMMARY OF THE INVENTION reducing current density, and it
restricts the amount of current that may be drawn to points of  45   In
accordance with principles of the present breakdown. Thus the apparatus of
U.S. Patent No.    invention, regions on the target electrode exposed
3,578,739 reduces the undesirable effects of target  to corona discharge
are molded over with a dielec- electrode fouling by particle deposits.
tric  surface  layer, that comprises a  rubber Whereas the dielectric
surface covering of the  copolymer  formulation   of   primarily   ac-
target electrode disclosed by George in the afore-  50
rilonitrile/butadiene and phenolic resin hardener. mentioned patent
provides satisfactory short-term      The dielectric surface layer molding
process performance, its needful properties degrade rela-   according to
principles of the present invention tively rapidly under usual operating
conditions.   serves to achieve a substantially defect-free sur- U.S.
Patent No. 3,860,369 to Brethauer et al    face layer that is flat, smooth,
and continuous, and also discloses an apparatus for making non-woven  55
that has a hardness in the range of 75 to 85 Shore fibrous sheets, and
including electrostatic charging  A Durometer, while voids and air or gas
inclusions of the web in a corona discharge zone that in-      are
substantially avoided within the layer and be- cludes a metal disc target
electrode which is pref-  tween the layer and the metal target base. The 2
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homogeneous dielectric surface layer  used in production of multifibrous
web structures. covers and adheres intimately to surfaces and       The
shown apparatus comprises charging means edges of the metal target base.
The process further  for electrostatically charging such structures. The
includes removal of mold flashing to substantially  charging means includes
an ion gun 12 and a eliminate irregular surfaces and to leave surfaces   5
target electrode 14; the latter being generally smooth.
shaped in form of an annular disc. Target electrode The molding process
comprises cleaning of the   14 is provided with a dielectric surface layer
16, metal target base and installation thereof in a     and is
concentrically disposed about a baffle 18. preheated mold cavity, that has
been treated with   Baffle 18 is revolved about axis 20, as indicated by
release agent, loading of the mold cavity with  10  arrow 22. A spinneret
24 is supplied with a pressur- milled material in accordance with the
material    ized polymer solution that issues from orifice 28 formulation
for the dielectric surface layer, closure  and forms a fibrous structure
26. An aerodynamic of heated mold and loading thereof through com-
shield comprises a first member 30 and a second pression cycles, and curing
of the molded layer     member 32. Target electrode 14 together with sec-
(while disposed in mold). Immediately upon com-  15  ond member 32 are
adapted to be rotated indepen- pletion of the molding cycle within the mold
cavity,  dently of baffle 18, but concentrically therewith, by the metal
target base together with the dielectric  means not shown here. A
collecting surface 34 is surface layer molded thereover is removed from
comprised in an endless belt 36 that is carried by the mold and the
combination part is post-treated   rolls of a powered conveyor means 38.
for a cooling time whilst being compression loaded   20  Fibrous structure
26, issuing from orifice 28, is between parallel plates.
deflected by aerodynamic influences and by the surface shape of baffle 18
downwardly to and along BRIEF DESCRIPTION OF THE DRAWINGS
dielectric surface layer 16 of target electrode 14, and therefrom between
first and second shield The foregoing and other objects, features and   25
members 30 and 32, and continues to move down- advantages of the invention
will be apparent from   wardly toward and onto moving collecting surface
the following more particular description of pre-   34. ferred embodiments
of the invention, as illustrated    Ion gun 12, comprised in first shield
member in the accompanying drawings in which like refer-   30, is supplied
with a potential of 50 to 100 ence numerals refer to like parts throughout
dif-  30  kilovolts. Target electrode 14 is connected to elec- ferent
views. The drawings are schematic and not    trical ground via a here not
shown contact ring and necessarily to scale, emphasis instead being
brush arrangement. A corona discharge is pro- placed upon illustrating
principles of the invention.  duced between ion gun 12 and target electrode
14, FIG 1 is a schematic cross-sectional elevation of  and continuously
charges fibrous structure 26, relevant components In an apparatus for
flash-  35  thereby causing spreading thereof. Collecting sur- spinning
multifibrous web structures, the compo-  face 34 is electrically conductive
and is grounded nents including a metal target electrode base    or given
an opposite charge relative to the charge having  a  dielectric  surface
layer molded     imposed on fibrous structure 26. Consequently, thereover
according to principles of the present  fibrous structure 26 is attracted
to and deposited invention;                                  40  upon
collecting surface 34 in flattened sheet-like FIG.2 is an enlarged
schematic sectional view of  form and is conveyed by powered conveyor means
a target electrode including a molded dielectric  38 to an accumulating
means 42. surface layer as indicated in FIG.1;                 Referring
now to FIG.2, target electrode 14 is FIG.3 is a fragmented schematic
sectional view   shown therein in an enlarged sectional view. Target of a
portion of a hot press molding apparatus   45  electrode 14 comprises a
metal target base 44 including a portion of a mold cavity in use for
covered over most of its surface by dielectric sur- molding of a dielectric
surface layer according  face layer 16. Dielectric surface layer 16 extends
to principles of the invention; and              over target base 44 at
least over those regions that FIG.4 is a fragmented schematic sectional de-
are directly exposed to corona discharge. Target piction of a portion of a
fixture in use for the   50  electrode 14 has an approximate shape of an
an- post-treatment cooling step of the process ac-   nular disc having a
ring-like contact mount member cording to the invention.
46 of target base 44 protruding from one face thereof. At least a portion
of contact mount mem- DESCRIPTION  OF THE PREFERRED EMBODI-
ber 46 remains uncovered by dielectric surface MENTS
55  layer 16 to facilitate electrical connection to ground, as hereinbefore
indicated in conjunction with FIG.1. Referring now to FIG. 1, a
flash-spinning ap-   As also particularly shown in FIG.1, a portion of the
paratus 10 is schematically depicted therein that is  flat face of target
electrode 14 faces toward ion gun 3    
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thickness of dielectric surface layer 16, at  layer 16. Compression arrow
72 indicates sche- least where it is disposed over the region of the flat
matically the compression loading force applied face of target electrode
14, is preferably about 1.5  during the post-treatment. It will be
appreciated, mm thick, although other thicknesses can be used,
particularly in view of the depicted shape of target particularly to
accommodate various sizes of flash-   5   electrode 14 with dielectric
surface layer 16 in spinning apparatus 10. Dielectric surface layer 16
FIGS.1 and 2, that the portion of the cooling fixture is preferably
compression molded over target base  arrangement shown in FIG.4 is
approximately only 44, although other molding methods can be applied   a
fragmental portion of the entire fixture arrange- satisfactorily.
ment, which entire arrangement has a ring or pan- A preferred target
electrode 14 (including its  10  cake-shaped general form. dielectric
surface layer) has approximate dimen-       The process for molding a
target electrode sions of 19.05 centimeters for its outer diameter,
dielectric surface layer in accordance with princi- 10.16 centimeters for
its inside diameter, and ap-  pies of the present invention comprises the
steps proximately 79.4 millimeters for the thickness of its  of cleaning
metal target base 44, for instance with metal target base 44, while its
dielectric surface   15  suitable solvent, preheating mold cavity 54 to a
layer is approximately 15.9 millimeters thick.     temperature of
preferably about 160 degrees C, Referring now to FIG.3, a portion of a hot
press  and inserting mold cavity 54 into a hot press mold- molding
apparatus is shown to include a mold base  ing apparatus. Further, an
appropriate mold release 50 and a mold compression member 52. A mold
agent is applied to internal surfaces of mold cavity cavity 54 is removably
disposed in mold base 50.  20  54, metal target base 44 is installed in
recess 58, Metal target base 44 is seated in a recess 58 within  and the
dielectric surface layer material formulation mold base 50. A closure plate
60 removably covers  (for instance in milled form) is loaded into cavity
mold cavity 54, enclosing therein a cavity 62 that is  62. This rubber
copolymer formulation preferably disposed between outer surfaces of metal
target     comprises  primarily  acrylonitrile/butadiene  and base 44 and
inside surfaces of mold cavity 54 and   25  phenolic hardener. Mold cavity
54 is then closed closure plate 60.                                   with
closure plate 60 and compression loading is The region of cavity 62 is
shaped to cor-       applied thereto via mold compression member 52 respond
to the shape of dielectric surface layer 16  in one or more relatively
short compression cycles. (that is to be molded), and is shown here to
contain  Preferred compression cycling conditions (for a a dielectric
surface layer as molded over metal  30  target electrode in the preferred
size hereinbefore target base 44. Mold compression member 52 fits
indicated) comprise an application of a load of slidably  into the upper
opening of mold base 50 to  4.545 kilograms with a subsequent release of
this facilitate compression loading of the contents of   load, and
thereafter an application of a load of cavity 62 within mold cavity 54 via
closure plate 60.  22,727 kilograms. The applied compression loading force
is sche-  35     Subsequently, the dielectric surface layer ma- matically
indicated here by a force arrow 64. Heat  terial formulation is cured in
the closed mold cavity transfer by heating of mold base 50, including the
54 in the hot press apparatus under substantially components contained
therein, is schematically in-  constant compression loading and at a
substantially dicated by heat transfer arrow 66. It will be appre-
constant curing temperature. The curing conditions ciated, particularly in
view of the depicted shape of  40  preferably comprise a compression load
of about target electrode 14 with dielectric surface layer 16  22.727 kgs.
(for a target electrode in the preferred in FIGS.1 and 2, that the portion
of the hot press  size hereinbefore indicated) and a temperature of molding
apparatus shown in FIG.3 is approximately  about 150 to 155 degrees C for a
curing time of only a fragmental portion of the entire mold ar-    about 20
to 25 minutes. rangement, which entire arrangement has a ring or  45
Thereafter, metal target base 44 with dielectric pancake-shaped general
form.                        surface layer 16 molded thereover is removed
from Referring to FIG.4, a cooling fixture arrange-  mold cavity 54, and
the combination is cooled in a ment comprises a top plate 68 and a bottom
plate   cooling fixture, as hereinbefore described, between 70 in parallel
relationship, having disposed there-  top plate 68 and bottom plate 70,
while compres- between the metal target base 44 with dielectric  50  sion
loading is applied to these plates. A preferred surface layer 16 molded
thereover. This arrange-   compression loading (for a target electrode in
the ment serves for post-treatment of the molded di-    preferred size
hereinbefore indicated) is about 13.6 electric surface layer by cooling
(from the molding  kilograms for a cooling time sufficient for the target
temperature) whilst being subjected to compres-     electrode to reach room
temperature. The process sion loading in its flat facial region to enhance
its  55  further includes removal of any mold flashing to surface
properties and its intimate adhesion to met-  substantially eliminate
irregular surfaces and to al target base 44. This post-treatment also pro-
leave surfaces smooth. motes closure of any tiny voids in dielectric
surface 4    
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nonwoven sheets from continuous    3,578,739. fibrous structures in an
apparatus as, for example,    In order to significantly extend useful
lifetimes hereinbefore indicated, uniform electrostatic charg-  of target
electrodes, the present invention provides ing of fibrous structure 26 is
required to maintain  a process for molding of dielectric surface layer 16
spread of its partially interconnected filaments and   5   having intimate
contact with the metal target base to effectively deposit the structure in
flattened form  44 of target electrode 14, the dielectric surface onto
collecting surface 34. An electrostatic charge  layer 16 extending at least
over those regions upon Is imparted to fibrous structure 26 during its pas-
target electrode 14 that are directly exposed to sage between ion gun 12
and the portion of target   corona discharge. Dielectric surface layer 16
com- electrode 14 nearest thereto. Fibrous structure 26   10  prises a
rubber copolymer formulation of ac- passes through the unipolar region
formed over the  rylonitrile/butadiene and phenolic resin hardener, surface
of target electrode 14. The unipolar region  exhibiting a hardness in the
range of 75 to 85 is established by the flow of ions from the corona  Shore
A Durometer and a volume resistivity be- discharge device, namely ion gun
12, to target     tween [err] and [err] ohm-cm when measured electrode 14.
The charge captured by fibrous struc-  15  at 60 degrees C and 1000 volts.
ture 26 has the same polarity as the charge of ion     Under laboratory
conditions extending over 48 gun 12. As an identical polarity charge is
imparted  hours and simulating process operating conditions, to components
of fibrous structure 26, Coulomb      the dielectric surface layer 16 of
the present inven- repulsion forces spread such components apart.     tion
has exhibited a rate of increase in voltage It is known in the art, that in
the course of  20  thereacross of no more than 1 to 2 KV per 24
flash-spinning of multifibrous web structures, as   hours when tested at
constant charging supply hereinbefore indicated, undesirable tiny
solidified  current. This represents a 3 to 8 fold improvement polymer
particles are also generated. Such par-     over the rate of voltage
increase exhibited by good tides entering the electrostatic field region
are   quality prior art target coatings which were tested therein sprayed
with ions, are charged thereby, and   25  under identical conditions.
become predominantly attracted to grounded target      Moreover, on-line
tests under actual process electrode 14 whereupon they form a nonconducting
conditions showed a lifetime of less than 100 hours layer of fouling
deposits. As fouling deposits accu-  for over 75 percent of the number of
prior art target mulate, voltage drop therethrough increases and
coatings tested, the lifetime being established by eventually exceeds the
breakdown potential there-  30  the time to process failure due to target
coating of, and breakdown of the fouling deposit layer      failure. The
remainder of less than 25 percent of occurs in form of tiny crater-like
defects that be-  the prior art target coatings exhibited an average come
sources of "back corona" discharges. Posi-     rate of voltage increase of
about 3.3 KV per 24 tive and negative ions are produced thereby, and
hours. As opposed to that, targets coated with the these ions in turn
decrease the unipolarity of the   35  dielectric surface layer 16 according
to the present region in the vicinity of target electrode 14, thusly
invention, when on-line tested under indentical ac- causing loss of charge
in fibrous structure 26 dur-  tual process conditions, showed a
substantially ing passage thereof through this region. It will be  lesser
average voltage increase rate of about 1.2 understood that the
effectiveness of electrostatic  KV per 24 hours. It will be appreciated
that these charging is thereby significantly degraded.    40  results
indicate a very significant increase in useful This problem was first
recognized in the art in  lifetimes for the dielectric surface layer 16 of
the conjunction with the operation of bare metal target  present invention,
this lifetime increase being at electrodes, and it has been somewhat
alleviated by  least about three-fold and as much as about eight- provision
of a high-resistance layer covering over  fold or more in actual practice.
metal targets, as for instance disclosed in the   45   The significance of
the voltage (and therewith hereinbefore referenced U.S. Patent No.
3,578,739.  the resistance) across a dielectric surface layer of a However,
whereas the therein disclosed high-resis-  target electrode is based in the
hereinbefore de- tance layer coverings extend the useful operating
scribed breakdown effect. As the voltage drop in- life of target electrodes
and thereby somewhat      creases across the layer (due to resistivity
increase alleviate the problem, the needful properties of the   50  under
operating conditions), the material break- disclosed high-resistance layer
coverings nonethe-  down  potential is approached  and eventually less
degrade rapidly under usual operating con-    reached. Thereafter, charging
effectiveness is rap- ditions, and relatively short useful lifetimes
result.  idly degraded and lost and the process fails. For instance,
experience has shown that practical   Therefore, the material properties of
the dielectric operating lifetimes of no more than about two days  55
surface layer are of critical importance to the pro- of continuous use are
achievable with target elec-  cess. Particularly, resistivity and voltage
drop trodes covered with high-resistance layers in accor-  across the layer
and the stability thereof in the dance with the teachings of U.S.Patent No.
operating environment are of crucial significance.    9                 EP
0 473 574B1                         10 



The operating environment includes corona bom-       ness of the dielectric
surface layer, of continuous bardment in a solvent vapor atmosphere at tem-
and smooth surfaces substantially free of defects, peratures of 60 degrees
C and higher. Similarly,     such as scratches, nicks, and cracks, of
substantial the reproducibility of these properties of the phys-  absence
of voids and air or gas Inclusions within ical dimensions of the surface
layer, and of its   5   the layer and at the interface thereof with the
metal surface quality are key factors in the provision of a  target base
over which it is molded, and of intimate suitable material and in the
molding thereof.        adhesion between the molded dielectric surface It
has also been found that an increase in the   layer and the metal target
base. These and other hardness of the dielectric surface layer
significantly  needful objects are achieved by the molding pro- improves
its in-process performance and the stabil-  10  cess of this Invention. ity
of its properties, particularly its mechanical      While the invention
has been  particularly characteristics, and protects the surface from being
shown and described with reference to preferred degraded. Whereas prior art
target coatings have     embodiments thereof, it will be understood by been
found to exhibit a hardness in the range of 67  those skilled in the art
that various changes and to 70 Shore A Durometer or less, the molded   15
modifications in form and details may be made dielectric surface layer of
the present invention has  therein without departing from the scope of the
an increased hardness in the range of 75 to 85 and   invention. preferably
at least 81 to 82 Shore A Durometer. As hereinbefore indicated, the
dielectric sur-   Claims face layer material of the present invention com-
20 prises  rubber copolymer formulations of ac-         1. A process for
molding a target electrode (14) rylonitrile/butadiene and  phenolic resin
that provide   dielectric surface layer used in electrostatic the described
properties and characteristics. A          charging of flash-spun fibrous
structures, com- number of satisfactory formulations fulfilling these
prising the following steps: property  requirements  have  been  developed,
25        a. cleaning a metal target base (44); wherein the rubber
copolymer formulations com-            b. preheating and inserting a mold
cavity prise primarily acrylonitrile/butadiene and phenolic       (54) into
a hot press apparatus, said mold resin, and further include zinc oxide for
vulcaniza        cavity being shaped to receive said metal tion
enhancement, carbon black for resistivity con-        target base (44), and
applying a release trol, stearic acid to enhance crosslinking associated
30  agent to surfaces in said mold cavity; with vulcanization, and curing
accelerators. In par-       c. installing said metal target base in said
ticular, preferred rubber copolymer formulations           mold cavity
(54); comprise 100 parts of acrylonitrile/butadiene (in a        d. loading
a dielectric surface layer material ratio of 35 to 65, respectively), 25 to
30 parts of        formulation into said mold cavity (54) and phenolic
resin, 5 to 5.5 parts of zinc oxide, 10 parts  35  closing said mold cavity
with a closure plate of carbon black, 1.5 parts of stearic acid, and 3
(60) to form a closed mold cavity (62), said parts of curing accelerators.
In order to particularly     closed mold cavity providing therein a re-
enhance ease of molding of the material formula-           gion
substantially corresponding to said tar- tion into the dielectric surface
layer of the inven-       get electrode dielectric surface layer (16),
tion, the phenolic resin component is reduced to-  40      said dielectric
surface layer material for- ward the lower end of the above given range,
mulation  comprising  primarily  a rubber preferably to 25 parts, and the
stearic acid compo-        copolymer    formulation     of    ac- nent is
increased to preferably 5.5 parts.                 rylonitrile/butadiene
and phenolic resin har- From the description hereinbefore provided, it
dener; will be appreciated that the properties of the dielec-   45  e.
applying one or more compression load tic surface layer are of great
importance to its           cycles to said closed mold cavity in and by
satisfactory in-process performance in the applica-        said hot press
apparatus, wherein said one tion of electrostatic charge to flash-spun
fibrous         or more compression cycles comprise com- structures. Not
only the particular material formula-      pression loading of said closed
mold cavity tion of the dielectric surface layer, but equally so   50  to
about 4.545 kilograms and subsequently the applied molding process
establish these prop-          releasing said compression loading, and
erties. Proper molding process conditions are criti-       thereafter
compression loading said closed cal to the achievement of desirable
properties, and        mold cavity (62) to about 22,727 kilograms,
significant changes in these conditions can easily         said one or more
compression cycles being result in a short life or unacceptable performance
55    performed whilst said closed mold (62) is of the dielectric surface
layer. The molding process       kept substantially at a temperature of
about per se, for instance, particularly also critically influ-  160
degrees C, and curing said dielectric ences the achievability of
homogeneity and hard-           surface layer material formulation in said
9                  EP 0 473 574 B1                     10
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The operating environment includes corona bom-       ness of the dielectric
surface layer, of continuous bardment in a solvent vapor atmosphere at tem-
and smooth surfaces substantially free of defects, peratures of 60 degrees
C and higher. Similarly,     such as scratches, nicks, and cracks, of
substantial the reproducibility of these properties, of the phys-  absence
of voids and air or gas inclusions within ical dimensions of the surface
layer, and of its   5   the layer and at the interface thereof with the
metal surface quality are key factors in the provision of a  target base
over which it is molded, and of intimate suitable material and in the
molding thereof.        adhesion between the molded dielectric surface it
has also been found that an increase in the   layer and the metal target
base. These and other hardness of the dielectric surface layer
significantly  needful objects are achieved by the molding pro- improves
its in-process performance and the stabil-    10  cess of this invention.
ity of its properties, particularly its mechanical       While the
invention has been  particularly characteristics, and protects the surface
from being  shown and described with reference to preferred degraded.
Whereas prior art target coatings have     embodiments thereof, it will be
understood by been found to exhibit a hardness in the range of 67  those
skilled In the art that various changes and to 70 Shore A Durometer or
less, the molded   15   modifications in form and details may be made
dielectric surface layer of the present invention has  therein without
departing from the scope of the an increased hardness in the range of 75 to
85 and   invention. preferably at least 81 to 82 Shore A Durometer. As
hereinbefore indicated, the dielectric sur-    Claims face layer material
of the present invention com-   20 prises  rubber copolymer formulations of
ac-         1. A process for molding a target electrode (14)
rylonitrile/butadiene and  phenolic resin that provide   dielectric surface
layer used in electrostatic the described properties and characteristics. A
charging of flash-spun fibrous structures, com- number of satisfactory
formulations fulfilling these     prising the following steps: property
requirements  have  been  developed,   25        a. cleaning a metal target
base (44); wherein the rubber copolymer formulations com-            b.
preheating and inserting a mold cavity prise primarily
acrylonitrile/butadiene and phenolic       (54) into a hot press apparatus,
said mold resin, and further include zinc oxide for vulcaniza-       cavity
being shaped to receive said metal tion enhancement, carbon black for
resistivity con-        target base (44), and applying a release trol,
stearic acid to enhance crosslinking associated   30  agent to surfaces in
said mold cavity; with vulcanization, and curing accelerators. In par-
c. installing said metal target base in said ticulari preferred rubber
copolymer formulations           mold cavity (54); comprise 100 parts of
acrylonitrile/butadiene (in a        d. loading a dielectric surface layer
material ratio of 35 to 65, respectively), 25 to 30 parts of
formulation into said mold cavity (54) and phenolic resin, 5 to 5.5 parts
of zinc oxide, 10 parts  35  closing said mold cavity with a closure plate
of carbon black, 1.5 parts of stearic acid, and 3           (60) to form a
closed mold cavity (62), said parts of curing accelerators. In order to
particularly     closed mold cavity providing therein a re- enhance ease of
molding of the material formula-           gion substantially corresponding
to said tar- tion into the dielectric surface layer of the inven-
get electrode dielectric surface layer (16), tion, the phenolic resin
component is reduced to-   40     said dielectric surface layer material
for- ward the lower end of the above given range,               mulation
comprising  primarily  a rubber preferably to 25 parts, and the stearic
acid compo-        copolymer    formulation      of    ac- nent is
increased to preferably 5.5 parts.                 rylonitrile/butadiene
and phenolic resin har- From the description hereinbefore provided, it
dener; will be appreciated that the properties of the dielec-   45  e.
applying one or more compression load tric surface layer are of great
importance to its          cycles to said closed mold cavity in and by
satisfactory in-process performance in the applica-        said hot press
apparatus, wherein said one tion of electrostatic charge to flash-spun
fibrous          or more compression cycles comprise com- structures. Not
only the particular material formula-      pression loading of said closed
mold cavity tion of the dielectric surface layer, but equally so   5o  to
about 4.545 kilograms and subsequently the applied molding process
establish these prop-          releasing said compression loading, and
erties. Proper molding process conditions are criti-       thereafter
compression loading said closed cal to the achievement of desirable
properties, and        mold cavity (62) to about 22,727 kilograms,
significant changes in these conditions can easily         said one or more
compression cycles being result in a short life or unacceptable performance
55     performed whilst said closed mold (62) is of the dielectric surface
layer. The molding process       kept substantially at a temperature of
about per se, for instance, particularly also critically influ-   160
degrees C, and curing said dielectric ences the achievability of
homogeneity and hard-           surface layer material formulation in said
6    closed mold cavity under curing tempera-     9. The process according
to claim 1, wherein 



ture and curing compression loading con-         said target electrode
dielectric surface layer ditions, said dielectric surface layer material
(16) exhibits a volume resistivity in the range (16) formulation being
molded and intimate-     of about [err] ohm-cm when mea- ly adhering
thereby to surfaces of said met-   5  sured at 60 degrees C and 1000 volts.
al target base (44); and f. removing from said closed mold cavity     10.
The process according to claim 1, wherein (62) the combination of said
metal target       said target electrode dielectric surface layer base (44)
with said dielectric surface layer    (16) exhibits a rate of increase in
voltage of no material (16) formulation and cooling the   10   more than 1
to 2 KV per 24 hours when tested combination under compression loading.
at constant charging current under normal flash-spinning process operating
conditions. 2. The process according to claim 1, wherein said preheating in
step (b) is performed to a  Patentansprtiche temperature of about 160
degrees C.        16 1. Verfahren zum  Formen einer dielektrischen 3. The
process according to claim 1, wherein          Oberfldchenschicht  einer
Anodenelektrode said dielectric surface layer material formula-    (14),
welche zum  elektrostatischen Aufladen tion (16) further includes zinc
oxide for vul-     von Flash-gesponnenen Fasergebilden einge- canization
enhancement, carbon black for re-  20   setzt wird, welches folgende
Schritte aufweist: sistivity control, stearic acid to enhance cros-     a.
Reinigen einer Metallanodenbasis (44); slinking associated with
vulcanization, and cur-     b. Vorw~rmen und EinfUhren eines Form- ing
accelerators.                                    hohlraums (54) in eine
Heiflpreevorrichtung, wobei der Formhohlraum derart ausgebildet 4. The
process according to claim 1, wherein  25        ist, daB die
Metallanodenbasis (44) aufge- said dielectric surface layer material
formula-      nommen wird, und wobei ein Trennmittel tion (16)
substantially comprises 100 parts of       auf die Oberfl~chen in dam
Formhohlraum acrilonitrile/butadiene in a ratio of 35 to 65
aufgebracht wird; respectively, 25 to 30 parts of phenolic resin, 5    c.
Einbauen der Metallanodenbasis in den to 5.5 parts of zinc oxide, 10 parts
of carbon   30  Formhohlraum (54); black, 1.5 parts of stearic acid, and 3
parts of     d. Einbringen einer Materialformulierung fOtr curing
accelerators.                                 die dielektrische
OberflAchenschicht in den Formhohlraum (54) und SchlleBen des 5. The
process according to claim 1, wherein             Formhohlraums mittels
einer VerschluBplat- said curing temperature and curing compres-  35
to (60), urn einen geschlossenen Formhohl- sion loading conditions in step
(e) include 150      raum (02) zu bilden, wobel der geschlosse- to 155
degrees C and about 22,727 kilograms,         ne Formhohlraum darin oinen
Bereich be- respectively, for a time of 20 to 25 minutes.
reitstollt, welcher im wesentlichen der die- lektrischen Oberflichenschicht
(16) der 6. The process according to claim 1, wherein  40
Anodenelektrode zugeordnet ist, wobei die said cooling in step (f) is
executed under corm-     Materlalformulierung fOr die dielektrische
pression loading of about 13.6 kilograms for a       OberflAchenschicht
hauptsachlich   eine time sufficient for the target electrode (14) to
Kautschukcopolymerformulierung aus Acry- reach room  temperature, said
compression            lonitril/Butadien und Phenolharzharter auf- loading
being applied between the flat face of  45   weist; said target electrode
dielectric surface layer       e. Aufbringen von einem  odor mehreren (16)
and said metal target base (44)                 Verdichtungszyklen auf den
geschlossenen Formhohlraum in und mittels der Hei~preB- 7. The process
according to claim 1, wherein at          vorrichtung, wobei dieser einen
oder mehre- least a portion of said target electrode dielec-  5o  re
Verdichtungszykden mit elner Verdich- tric surface layer (16) has a
thickness of about     tungsbelastung  auf den  geschlossenen 1.5 mm.
Formhohiraum  auf etwa 4,545 Kilogramm und anschlieBendem Entlasten der
Verdich- 8  The process according to claim  1, wherein
tungsbelastung und anschlie~endem  Auf- said target electrode dielectric
surface layer  5s   bringen einer Verdichtungsbelastung auf (16) exhibits a
hardness in the range of 75 to       den geschlossenen Formhohlraum (62)
auf 85 Shore A Durometer.                                etwa 22.727
Kilogramm aufweist, wobel die- ser eine odor mehrere Verdichtungszyklen 7
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die geschlossene Form (62) im wesentli- chen auf siner Tsmperatur von etwa
160, C    7. Verfahren nach Anspruch 1, bei dem wenig- gohalten ist, und
Harten der Materialformu-      stens ein Teil der dielektrischen
Oberfllchen- lierung fUr die dielektrische OberflAchen-   5  schicht (16)
der Anodenelektrode eine Dicke schicht in dem  geschlossenen Formhohl-
von etwa 1,5 mm hat. raum unter einer Hartungstemperatur und
Hartungsverdichtungs-                        8. Verfahren nach Anspruch 1,
bei dem die die- Belastungsbedingungen, wobei die Material-      lektrische
Oberflachenschicht (16) der Anoden- formulierungfLir die dielektrische
Oberfla-  lo  elektrods eine Harte in einem Bereich von 75 chenschicht (16)
geformt und In Inniger haf-    bis 85 Shore A Durometer hat. tender
Verbindung hierdurch an den Ober- flAchen der Motallanodenbasis (44) go-
9. Verfahren nach Anspruch 1, bel dem die die- bracht wird; und
Iektrische Oberflachenschicht (16) der Anoden- f. Entfernen der Kombination
aus Metallano-  15  elektrode einen spezifischen Durchgangswider- denbasis
(44) mit der Materialformulisrung      stand in einem Bereich von etwa
2x109 bis fOr die dielektrische Oberflchenschicht (16)    2x1010 Ohm-cm
gemessen bei 60 ' C und 1000 aus dem geschlossenen Formhohlraum (62)
Volt hat. und AbkUhlen der Kombination unter Ver- dichtungsbelastung.
20  10. Verfahren nach Anspruch 1, bei dem die die- lektrische Oberfilche
(16) der Anodenelektrode 2. Verfahren nach Anspruch 1, bei dem das Vor-
elne Spannungszunahmerate von nicht groBer erwarmen gemaB dem  Schritt (b)
be! einer          als 1 bis 2 KV pro 24 Stunden hat, wenn elne Temperatur
von etwa 160 I C erfolgt.               Test bei konstantem Ladestrom unter
normalen 25      Flashspinn-Betriebsbedingungen erfolgt. a Verfahrsn nach
Anspruch 1, be! dem die Mate- rialformulierung fUr die dielektrische
Oberfl-  RevendIcations chenschicht (16) femer Zinkoxid zur Vulkani-
slerungsunterstUtzung, RuB far die Einstellung  1. Un proced6 de moulage
d'une couche superfl- des. spezifischen Widerstands, Stearinsaure  30
cielle dlelectrique pour une dlectrode cible (14) zur UnterstUtzung der mit
der Vulkanisiorung       utilisee pour la charge 6lectrostatique de struc-
einhergehenden Vernetzung und Hartungsbe-          tures fibreuses obtenues
par filage 6clair, com- schleuniger umfaBt.
prenant les etapes consistant A: a. nettoyer une base mstallique de cible
4. Verfahren nach Anspruch 1, bei dem die Mate-  35      (44);
rialformulierung fUr die dielektrische Oberfla-      b. pr~chauffer une
cavit6 de moule (54) et chenschicht (16) im wesentlichen 100 Teile
I'inssrer dans un appareil de pressage h Acrilonitril/Butadien in einem
Verhaltnis von 35     chaud, ladite cavit6 de moulage stant bis 65 jeweils,
25 bis 30 Teile Phenolharz, 5        conform6e de fagon h recevoir ladite
base bis 5,5 Toile Zinkoxid, 10 Teile RuB, 1,5 Teile  40  metallique de
cible (44) et appliquer un Steaninslure und drei Teile Hdrtungsbeschleu-
agent de d~moulage aux surfaces de ladite niger aufweist.
cavit6 de moulage; c. installer ladite base metallique de cible a 5.
Verfahren nach Anspruch 1, be! dem die Her-           I'int6rieur de ladite
cavit6 de moulage (54); tungstemperatur und  die  Hartungsverdich-  45
d. charger une formulation du mat~rlau de tungs-Belastungsbedingungen im
Schritt (0)          formation de la couche superficielle dielec- 150 bis
155  C und etwa 22,727 Kilogramm             trique dans ladite cavits de
moulage (54) et jeweils wahrend elnem Zeitraum von 20 bis 25         former
ladits cavit6 de moulage au moyen Minuten umfassen.
d'une plaque de fermeture (60) afin de 50        constituer une cavite do
moulage fermie 6. Verfahren nach Anspruch 1, bei dom das Klh-
(62), ladite cavite de moulage fermee d~fi- Ion im Schritt (f) unter
Verdichtungsbelastung       nissant en son interieur une zone qui cor- von
etwa 13,6 Kilogramm wahrend oiner so             respond sensiblement A
ladite couche su- ausreichenden Zeit erfolgt, daB die Anoden-
perficielle di'lectrique (16) de ladite Ieoctro- elektrode (14)
Raumtemperatur erreicht, wobei  55    de cible, ladite formulation du
matdriau de die Verdichtungsbelastung zwischen der ebe-          formation
de la couche superficielle dielec- non Flache der dielektrischen
Oberfl~chen-           trique comprenant, principalement, une for- schicht
(16) der Anodenelektrode und der Me-         mulation d'un copolymere de
caoutchouc 8    15                EP 0 473 574 B1                   16 C
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d'acrylonitrile/butadibne et un agent de dur-   mont. -cissement h resine
ph6nolique; e. appliquer un ou plusieurs cycles de char-  5. Le procede
solon la revendication 1, dans le- ge en compression a ladite cavit6 de
mou-       quel lesdites conditions de temperature de lage ferm6e, a
l'interieur dudit appareil de   6  durcissement et de durcissement &
l'6tape (e) pressage A chaud et au moyen de celui-ci,       sont de 150 A
155-C et d'environ 22 727 kg, ledit un ou lesdits cycles de compression
respectivement, pendant une duree de 20 a 25 comprenant le chargements en
compres-           minutes. sion de ladite cavite de moulage fermee a
environ 4,545 kg, et ensuite le relAchement  10  6. Le proced6 solon la
revendication 1, dans le- de ladite charge de compression, puis le
quel ledit refroidissement & I'etape (f) est reali- chargement on
compression ladite cavlt6 de      s6 sous une charge de compression
d'environ moulage ferm6e (62) a environ 22 727 kg,        13,6 kg pour une
duree suffisant a permettre & le ou lesdits cycles de compression etant
l'electrode-cible (14) d'atteindre la temperature realis6s tandis quo ledit
moule ferme (62)  is  ambiante, ladite charge de compression etant est
sensiblement maintenu b une tempera-        appliquee entre la face plane
de ladite couche ture egale & environ 160 C, et provoquer le
superficielle dielectrique de l'electrode cible durcissement de ladite
formulation du mate-     (16) et ladite base metalllque de cible (44). riau
composant la couche superficielle die- lectrique   l I'int6rieur de ladite
cavit6 do   20  7. Le procede solon la revendlcation 1, dans le- moulage
fermee sous des conditions de           quel au moins une partie de ladite
couche temperature et de charge de compression         superficielle
di6lectrique (16) do l'electrode ci- permettant d'obtenir le durcissement,
ladite    ble presente une epaisseur d'environ 1,5 mm. formulation du
materiau de la couche super- ficlelle dielectrique (16) etant moule en   25
8. io procede selon la revendication 1, dans ie- adh6rant en consequence de
facon intime a       quol ladite couche superficielle di~lectrique des
surfaces de ladite base metallique de       (16) de l'electrode cible
presente une durete cible (44); et
comprise dans la gamme de 75 A 85 Shore A f. retirer ia combinaison de
ladite base me-    Durometer. tallique de cible (44) et de ladite
formulation   30 comprenant le materiau de la couche super-  9. Le procede
solon la revendication 1, dans le- ficielle dielectrique (16) de ladite
cavite de  quel ladite couche superficielle dielectrique moulage fermeo
(62), et rofroidir la combi-     (16) de l'4lectrode cible presente une
resistivi- naison sous la charge de compression.           te volumique
comprise dans la gamme d'envi- 36      ron 2x109 & 2x1010 ohm-cm mesuree a
60- C 2. Le proc6d6 solon la revendication 1, dans le-      et 1000 volts.
quel ledit prechauffago a l'etape (b) est realis6 A une temperature
d'environ 160 IC.            10. Le procede solon la revendication 1, dans
le- quel ladito couche superficielle dielectrique 'J    3. Le procede selon
la revendication 1, dans le-  40  (16) de l'6lectrode cible presente un
taux quel ladite formulation comprenant du mat6riau    d'augmentation de
tension egal ou superieur a de la couche superficielle di6lectrique (16)
1 & 2 kv par 24 heures quand on la teste avec comprend, en outre, de
l'oxyde de zinc pour       un courant de charge constant sous des condi-
ameliorer la vulcanisation, du noir de carbone    tions operatoires
habituellement employees pour contr8ler la resistivite, de l'acide steari-
45  pour le filage 6clair. que pour ameliorer la reticulation associee & la
vulcanisation et des acc6l6rateurs de durcisse- mont. 4. Le procede solon
la revendication 1, dans le-  50 quel ladite formulation du materiau de la
cou- che superficielle di6lectrique (16) comprend, sensiblement,  100
parties  d'acrylonitri- le/butadiene dans un rapport de 35 A 65 res-
pectivement, 25 & 30 parties de resine phenoli-  55 que, 5 a 5,5 parties
d'oxyde de zinc, 10 parties de noir de carbone, 1,5 parties d'acide st~ari-
que, et 3 parties d'acc~lerateurs de durcisse- 9    


