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NEUTRALIZING DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to an improvement in appara 
tus for reducing static electrical charges on the surface 
of an object and in one aspect to an apparatus for re 
ducing static electrical charges on the surface of a mov 
ing sheet or web. 

Static electrical charges are generated on a dielectric 
web or sheet material by contact with charged rollers 
or webs or by frictional contact with stationary guide 
surfaces necessary to transport it through a handling 
apparatus. The build-up of these charges can be a se 
vere problem. Such static electrical charges can cause 
the conveyed material to be attracted to other like ma 
terial or to portions of the handling apparatus, thus in 
terferring with proper functioning of the apparatus. 
Additionally, the static electrical charges present on a 
sheet or web may attract dust, may present a dangerous 
annoyance to operators, or may present an explosion 
hazard in an explosive atmosphere. Thus, many types 
of devices have been used to reduce or remove static 
electricity on a dielectric web or sheet material. 
Included among the devices used are high-voltage 

and radioactive neutralizers. These devices ionize the 
air around an adjacent surface to afford a path to 
ground through the ionized air and the neutralizer to 
conduct away electrostatic charges on a surface con 
tacted by the ionized air. One disadvantage of these de 
vices is that they are relatively expensive to operate, as 
they require either a radioactive source which requires 
occasional replacement, or a high voltage potential 
which must be generated. 
Another type of device used in the induction neutral 

izer which comprises a multiplicity of pointed conduc 
tive metal projections extending from an electrically 
grounded support which may be spaced from the path 
of a web or sheet. Static electrical charges on the sec 
tion of a web or sheet passing the induction neutralizer 
induce an opposite charge on the projections which 
charge ionizes the air between the projections and the 
surface of the web or sheet to afford a path to ground 
for static electrical charges on the passing web or sheet. 
With the induction neutralizer, the degree of ionization 
or the extent to which a charge may be reduced on a 
sheet or web is dependent upon among other things, 
the gap between the projections and the surface of the 
web or sheet, and upon the quantity and sharpness of 
the conductive projections. Building a highly compact 
and effective induction neutralizer with a high popula 
tion of extremely sharp projections is difficult with‘the 
metal projections of the prior art induction neutraliz 
ers. Additionally, the relatively in?exible projections of 
prior art induction neutralizers are di?'icult to space 
from a web or sheet for the most effective static reduc 
tion, as the optimum spacing for the projection varies 
with the static charge on a surface, which charge may 
vary along a web, from sheet to sheet, from day to day 
with humidity conditions, or between various materials 
being handled. 
Contact neutralizers are also used to reduce static 

electrical charges on a dielectric surface. These devices 
generally comprise a multiplicity of metal projections 
on an electrically grounded support which may be posi 
tioned transverse to the path of a sheet or web and be 
spaced so that the projections come into physical con 
tact with successive sections of the surface of a passing 
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2 
sheet or web. These prior art devices also have disad 
vantages. First, when the contact neutralizer is used on 
a sheet or web having a delicate surface or coating, the 
relatively sti? metal projections may scratch or mar the 
coating or surface. Additionally, the physical size and 
con?guration of the metal projections generally pre 
cludes complete and intimate contact between the end 
of a projection and all points on the surface of a sheet 
or web moving across the neutralizer unless large num 
bers of such projections are used as by extending the 
device along the path of the sheet or web. Also, the 
contact pressure that results between a passing sheet or 
web and the relatively stiff metallic projections of prior 
art contact neutralizers may tend to divert a sheet or 
web traveling along a path or to slow its speed so that 
the handling of sheet is not orderly and predictable. 
Similar difficulties are encountered when metallic 
grounding rollers are added along the path of a sheet 
or web, and even when such rolls can be properly in 
corporated into the design of a device which handles a 
web or sheets, the cost of manufacturing and mounting 
such rollers may be relatively high. 

SUMMARY OF THE INVENTION I 

The present invention is a neutralizing device for re 
ducing the potential of, static electrical chargesv on a 
sheet or web without danger of marring, scratching, 
blocking, or diverting a sheet or web. The device com 
prises a multiplicity of resilient, supple, conductive or 
ganic ?laments of minute diameter which are sup 
ported by a conductive support. The ?laments of the 
device are grounded to provide a conductive path to 
reduce static electrical charges present on an adjacent 
surface. The support of the device may be spaced from 
a surface to provide complete and intimate contact be 
tween the extended ends of the ?laments and the por 
tion of the surface moved under the device to afford 
contact neutralization of static electrical charges pres 
ent thereon. Under these conditions the contact pres 
sure between the filaments and a contacted surface is 
extremely low, thus substantially eliminating the possi 
bility that the device will slow, divert, or damage a sur 
face moved past the device. Alternatively, the present 
invention may be positioned in spaced relationship with 
a surface from which static electrical charges are to be 
‘removed. In this position the ?laments present a multi 
plicity'of sharpprojections to allow the device to act as 
a highly'ef?cient induction neutralizer for the removal 
of static electrical charges from a surface moved past 
the device. > ' ‘ 

When the device is primarily used as either a contact 
or an induction neutralizer, a number of the ?laments 
at the edge of the device flex to position their tips in a 
spaced relationship with the sheet or web apparently to 
remove by induction a portion of the charge thereon. 
It is theorized that this self-spacing of some of the ?la 
ments accounts for the ‘fact that the present device 
when used as an induction neutralizer tends to produce 
consistent static electrical charge reduction from vari 
ous levels of charge on a sheet or web without varying 
the spacing of the device from the path of the sheet or 
web. 
The present invention is inexpensive to build and re 

quires no exterior power sources. Additionally, the 
present invention is not affected by high temperature 
applications. 
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The present invention comprises a multiplicity of re 

silient, supple, electrically conductive carbonaceous 
?laments of minute diameter, physically attached to a 
supporting means. At least one end of each ?lament ex 
tends from the supporting means so that the distal ends 
of said filaments may extend toward a surface to afford 
a part of an electrical path for reduction of static elec 
trical charges thereon. Means are also provided for 
electrically connecting the ?laments to a ground poten 
tial so that the path for grounding static electrical 
charges may be complete. The ?laments comprise ther 
mochemically converted regenerated cellulose ?ber 
starting material which has beenimpregnated with a 
salt composition and subsequently carbonized to pro 
duce a conductive ?ber material. 

DESCRIPTION OF THE DRAWING 

The invention will be further described with refer 
ence to the accompanying drawing wherein like num 
bers refer to like parts in the several views and wherein: 
FIG. I is a fragmentary perspective view partly in 

section of one embodiment of a static eliminating de 
vice constructed in accordance with the present inven 
tion; ‘ 

FIG. 2 is a fragmentary perspective view of a second 
embodiment of a static eliminating device constructed 
in accordance with the present invention; and 
FIG. .3 is a perspective view of a pair of trays and of 

two static eliminating devices according to the present 
invention positioned relative to a tray on either side of 
a path for a sheet material passing therebetween into a 
receiving tray such as that of a collating machine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. I, there is shown a neutralizing 
device 10 according to the present invention. The de 
vice 10 comprises a support means which includes a 
pair of conductive supporting bars 11. A multiplicity of 
lengths of contiguously positioned electrically conduc 
tive carbonaceous ?bers or ?laments 12 are positioned 
between the bars and attached to the bars by the bars 
being connected by fastening means (not shown) such 
as bolts‘ or rivets. A shield 14 is placed‘ about the bars 
and ?laments 12 at one end, which shield may bea pot 
ting‘ compound 14 molded over the bars 11 and one 
end of the ?laments 12-. The distalends ,of the conduc 
tive ?laments 12 maybe extended toward av surface and 
may. be brought-into physical contact with the surface 
to provide electrical contact and'a portion of an electri 
cal path to “conduct away static electrical charges 
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4 
cellulose ?ber starting material to corresponding black 
insulative organic ?ber material and then carbonizing 
the latter to provide corresponding conductive ?ber 
material according to U. S. Pat. Nos. 3,235,323 and 
3,484,183. These carbonized ?bers may contain car 
bon in proportions ranging from about 70 percent to 
higher than 99 percent (i.e., to 99+ percent), and can 
range in electrical conductivity from semiconductors to 
good conductors (the ?ber resistivities ranging in order 
of magnitude from 10-‘l to 10"’ ohm-cm.). These ?bers 
are predominantly amorphous and even those of high 
est carbon content (99+ percent carbon) are not 
“graphitized” carbon, and are not “graphite" carbon 
?bers per se, although some degree of polycrystalline 
graphitic type structure may be present as shown by 
X-ray diffraction patterns. 
While a variety of conductive ?laments may be pro 

duced according to the processes disclosed in U.S. Pat. 
Nos. 3,235,323 and 3,484,183, and while any of these 
?laments may be suitable for use in the static eliminat 
ing device of the present invention, one ?lament which 
has been utilized and which provides good results is 
sold commercially by Minnesota Mining and Manufac 
turing Company, Saint Paul, Minnesota, U.S.A., under 
the tradename “Pluton” and designated H-25 Roving. 
This ?lament is supplied in a non-twisted strand of 
about v720 individual ?laments, each ?lament being 
only about 0.00034 inches in diameter. The strand has 
a denier of 625, and a breaking strength of over 3 
pounds. "Pluton” l-I-25 roving has a carbon content of 
98.3 percent and the strands have an electrical resis 
tance of 22 ohms per inch'of length. 
The device 10 has about 40 lengths of the “Pluton” 

strands evenly distributed along each inch of the length 
of the, bars 11. Thus, the device 10 provides about 
28,800 ends of the ?laments 12 per inch of length of 
the bars 11 which will make intimate contact with and 
conduct static electrical charges away from a contacted 

. surface when the device 10 is used as a contact neutral 
izer or which will provide sharp points to induce flow 
of static electricalcharges when the devide 10 is spaced 
from a surface and used as an induction neutralizer. 
The carbonized ?laments 12 are supple and resilient 

and have an inherent quality of elastic recovery which 
will afford» repeated intimate contact with successive 
segments of surfaces passing the device 10. So long as 

- a ?lament 12 is not fractured when bent, it will tend to 

thereon, or maybe spaced from the surface to present ‘ 
a multiplicity of projections'and to afford a portion of 
a conductive path'for an inductive type static elimina 
tor. ‘ 

Means are also provided which will afford the electri 
cal connection of the conductive ?laments 12 to a body 
at ground potential. The ?laments 12 are in electrical 
contact with each other and with the conductive bars 
11, and when the bars 11 are at ground potential such 
as through a grounding wire 13 attached and electri 
cally connected to one of the bars 11 there is provided 
a path to ground for electrical charges conducted 
through or induced to flow to the ?laments 12. 
The conductive ?laments l2 utilized in the present 

invention are a conductive ?ber material produced by 
a process of thermochemically converting regenerated 

55 

60 

straighten itself, unlike strands of the more conductive 
metals (i.e., silver and copper) which are extremely 
ductile and tend to bend permanently undera bending 
stress. > I. . I . ' 

The ?laments 12 are sized so that each endwillv ex 
tend about seven-eighths of an inch beyond thepotting 
compound‘ 14. At this length, the ?laments 12 still have 
sufficient strength to remain erect regardless of the alti 
tude at which the device 10 is positioned, and yet the 
?laments 12 are cantilevered for a suf?cient length that 
they offer negligible resistance to a surface de?ecting 
their ends, and may deflect as needed to seek a pre 
ferred height above the surface in response to the mag 
nitude of the charge thereon for inductive reduction of 
the static electrical charges on the surface. 
While the potting compound 14 used to bind the bars 

11, and ?laments 12 together may be of a conductive 
type, such a compound has not been found necessary 
for the electrical contact required in the device 10 and 
thus a non-conductive potting compound such as com 



3,757,164 
5 

mercially available RTV Silicone Room temperature 
curing material has been found satisfactory to assemble 
the device 10. 
Referring now to FIG. 2, there is shown a second em 

bodiment of the static eliminating device according to 
the present invention generally designated by the nu 
meral 20. The supporting means of the device 20 is a 
conductive supporting rod 21 around wich are posi 
tioned a multiplicity of lengths of the conductive ?la 
ments 12. The ?laments 12 are attached to the cylindri 
cal bar or rod 21 by the potting compound 14 being 
placed on the filaments and the rod. A shield, such as 
a U-shaped conductive exterior shield 23, is then 
placed about the supporting rod with the ?anges 
thereof extending in the direction of the ?laments. 
The generally U-shaped metal shield 23 provides a 

conductive connection between the ?laments 12 which 
serves to protect the ?laments l2 and provides a direct 
ing means to position the extending ends of the elastic 
?laments 12 in a row. A pair of edges 25 on the shield 
23 are rounded by rolling the edge of the sheet metal 
back upon itself to prevent cutting of the ?laments 12 
when they are de?ected against one of the edges 25. 
The shield 22 is formed with a pierced tab 27 at each 
end of the shield to afford a means to attach the device 
20 to a support and to electrically connect the conduc 
tive shield 23 to a source of ground potential to com 
plete an electrical path from the ?laments 12 to a 
source of ground potential. 
FIG. 3 shows a typical application for a pair of the 

static eliminating devices 20 which are shown posi 
tioned opposing each other on opposite sides of a path 
for a dieelectric sheet material 30 such as paper at the 
entrance to a tray 33 for collecting a stack 34 of sheets 
such as might be used on a collating machine or copy 
ing machine (not shown). The devices 20 are electri 
cally connected to the frame of the tray 33 through at 
tachment by the tabs 27 and have the potential of the 
frame, generally ground potential, and may be posi 
tioned with the distal ends of their ?laments 12 in con 
tact with each other or extending slightly past each 
other so that at least the ?laments 12 will intersect the 
path for the sheet 30 and make complete intimate con 
tact to neutralize by conduction static electric charges 
present on both sides of the sheet 30 passed therebe 
tween. When so positioned the de?ection of the supple 
?laments 12 will not have a noticeable effect on the 
speed or direction of travel of a passing sheet 30. 
The force required to move a sheet or web over the 

device 10 is so low that it is diff?cult to measure. Tests, 
however, have indicated that a weight of ‘about one 
sixteenth ounce per inch of brush length is required to 
de?ect the tips of the brush for the passage of a sheet 
of paper downward between two of the devices .10 or 
20 positioned with their ?laments 12 tip to tip and ori 
ented in a horizontal position. 
The following is an example of the capabilities of the 

present invention for neutralization of static electrical 
charges. in a collator in which sheets are transferred 
from a copying machine to one of a series of trays at 
speeds of about ‘60 inches per second, electrical 
charges of up to 5000 volts on sheets received from the 
copying machine were increased under dry atmo 
spheric conditions to up to 50,000 volts in the receiving 
trays. At this higher voltage, problems existed with 
proper stacking of sheets and subsequent separation of 
stacked sheets. The use of a pair of the devices prior to 
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6 
their entry into the trays as shown in FIG. 3 reduced the 
static electrical charges on the sheets received in the 
trays to an acceptable level of under 5000 volts under 
all atmospheric conditions. 

Additionally, tests made under conditions of 55 per 
cent relative humidity with two of the static eliminating 
devices positioned in opposed relationship on opposite 
sides of a paper web traveling 300 feet per minute and 
initially charged to —30,000 volts resulted in a reduc 
tion of the charge essentially to zero voltage both with 
the tips of the ?laments 12 contacting the paper web, 
and with the tips spaced one-sixteenth inch from the 
web. Similar tests made with the static eliminating de 
vices and an acetate web achieved voltage reduction to 
2,000 volts. 
Having thus described the present invention with ref 

erence to two embodiments, it will readily be under 
stood that various modi?cations can be made in the 
structural details of the static eliminating devices with 
out departing from the spirit of the invention as de?ned 
by the appended claims. - 
What is claimed is: 
1. A device for neutralizing static electrical charges 

on a surface, said device comprising: 
a support means; 
a multiplicity of resilient, supple, electrically conduc 

tive ?laments consisting of over 70 percent carbon 
and being about 0.00024 inch in diameter, said ?la 
ments being positioned continguously on said sup 
port means with at least one end of each of said ?l 
aments extending in a uniform direction from said 
support means so that the distal ends of said ?la 
ments may extend toward a said surface to a?‘ord 
reduction of any static electrical charges present 
on said surface; and 

means for attaching said ?laments to said support 
means. 

2. A device according to claim 1 wherein said ?la 
ments are thermochemically converted regenerated 
cellulose ?ber starting material which has been impreg 
nated with a salt composition and subsequently carbon 
ized to provide conductive ?ber material of predomi 
nately amorphous carbon. 

3. A device according to claim 1 wherein said ?la 
ments consist of 98.3 percent carbon. 

4. A device according to claim 1 wherein said sup 
port means comprises at least one bar, and potting 
compound to attach said ?laments to said bar. 

5. A machine including at least one device for neu 
tralizing static electrical ‘charges on sheet material, 
comprising:' » . v _ . 

means for de?ning a path for said sheet‘material; 
support meanspositioned transverse to and extend 
ing across said path; 

a multiplicity of electrically conductive, resilient, 
supple ?laments consisting of over 70 percent car 
bon and being about 0.00024 inch in diameter, said 
?laments being positioned contiguously along said 
support means with at least one end of each of said 
?laments extending from said support means to 
ward and intersecting said path to afford reduction 
of static electrical charges present on sheet mate 
rial moving along said path; and 

means for attaching said ?laments to said support 
means. 

6. A machine according to claim 5 wherein said ?la 
ments are thermochemically converted regenerated 
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cellulose ?ber starting material which has been impreg 
nated with a salt composition and subsequently carbon 
ized to provide conductive ?ber material of predomi 
nately amorphous carbon. 

7. A machine according to claim 5 wherein said fila 5 
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ments consist of 98.3 percent carbon. 

8. A machine according to claim 5 wherein said sup 
port means comprises at least one bar, and potting 
compound to attach said ?laments to said bar. 
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