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[57] ABSTRACT 
An electrostatic spray apparatus and method for 
spraying coating materials having conductivities rang 
ing from moderately conductive to highly conductive, 
which is characterized by freedom from electrical 
shock and ignition hazards occasioned by a'grounded 
operator inadvertently contacting the hose and/or 
grounding it during use in an explosive atmosphere. 
Included is a spray gun which can be moved relative 
to ‘a stationary source of coating material, an im 
proved_shock-free and ignition-free conduit for trans 
porting under pressure moderately and/or highly elec 
trically conductive coating materials from thestation 
ary supply to the movable gun, and a source of high 
voltage unidirectional current for electrostatically 
charging the coating material prior .to deposition 
thereof onto the article being coated. I ._ ' , ' 

10 Claims, 3 Drawing Figures 
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ELECTROSTATIC SPRAY APPARATUS AND 
‘ METHOD 

This invention relates to electrostatic spraycoating, 
and more particularly to an apparatus and method for 
electrostatically spray coating moderately and highly 
electrically conductive coating materials which is rela 
tively free of shock and ignition hazards occasioned by 
inadvertent contact of the coating supply conduit by a 
grounded operator and/or grounding of the conduit in 
an explosive atmosphere. ' 
Coating materials sprayed on objects to be coated 

can be categorized, from the standpoint of their electri 
cal conductivity, as falling into one of three categories, 
namely, low, intermediate or moderate, and high con 
ductivity coatings. Coating resistivities in the general 
range of 2X105 ohm-centimeters to 106 
ohm-centimeters are considered to be in the intermedi 
ate or moderate conductivity range, while coating ma 
terials having electrical conductivities below and above 
this range are viewed as falling-in thev'low and high con 
ductivity categories, respectively. ‘While speci?c con 
ductivity values have been used to de?ne low, interme 
diate and high conductivity ranges, it is understood that 
these conductivity values are arbitrary and relative, and 
employed only for the purpose of illustration. Accord 
ingly, a coating material having a resistivity above or 
below the range. pf .2 ?< 1.Q?..—._1..Q‘i.9h 

20 

25 

aentirnsters. ,. 
could conceivably be considered as an i termediate or ' 
moderate conductivity coating material, notwithstand 
ing that it falls near, although without, the speci?c nu 
merical range noted. Similarly, a coating material with 
a resistivity between 2><l05 ohm-centimeters and 106 
ohm-centimeters, although near one or the other of 
these limits, may possibly beconsidered as either a high 
or low conductivity coating depending on to which end 
of the intermediate range it is closest. 
Heretofore there has been no commercially feasible 

method or apparatus for electrostatically spraying 
moderate conductivity and high conductivity coating 
materials which is free from shock and ignition hazards 
occasioned by inadvertent contact with the coating 
supply hose by a grounded operator or inadvertent 
grounding of the hose in an explosive environment. 
While there have'been proposalsv generally aimedat 
achieving electrostatic spraying of moderate and high 
conductivity coating materials‘, none have been entirely 
free of safety hazards. . . 
For example, it has been proposed to electrostatically 

spray high conductivity coating materials with appara 
tus which includes, among'other things, a spray gun 
equipped with a high voltage antennaproximate the 
spray nozzle for electrostatically charging emitted coat 
ing particles, and a remote spray tank which is electri 
cally isolated from ground potential and connected to 
the gun by a hose. However, in accordance with this 
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2 
leakage radially through the hose wall along the length 
thereof due to the fact that the hose wall does not have 
in?nite resistivity. The leakage current accumulates 
electrical charge on the exterior surface of the hose 
wall. Should a grounded operator inadvertently contact 
the hose at any point along its length, the accumulated 
electrical charge will discharge to ground through the 
operator, electrically shocking the operator. Similarly, 
should the electrically charged hose inadvertently be 
grounded anywhere along its' length, and thereby dis 
charge, a safety hazard is created by virtue of the possi 
bility of ignition should the discharge occur in an explo 
sive atmosphere as is the case when ?ammable, sol 
vent-based coatings are used. 

In an alternate proposal for electrostatically spraying 
highly conductive coatings, which avoids the need for 
a high voltage charging antenna in the gun, the coating 
material is electrostatically charged at the supply tank 
and transmitted through the hose to the gun'in an elec 
trically charged condition. However, the same safety 
problem exists as with the charged gun antenna since 
the entire column of paint in the hose is at a high elec 
trical potential, and steps must be taken to avoid, at any 
point along the hose, inadvertent hose contact by a 
grounded operator and/or accidental hose grounding if 
operator shock and/or ignition is to be avoided. 
Even in electrostatic spray coating applications 

where the coating material-isonly moderately conduc 
tive, the high voltage electrostatic charging potential 
applied to. the gun antenna, while not transmitted back 
along the entire length of the hose by virtue of the in-. 
creased resistance of the column of moderately con 
ductive coating material in the hose, is nevertheless‘a 

‘ safety hazard. Speci?cally, because of.the moderate 
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proposal, since the coating material is highly conduc- _ 
tive, the high voltage applied to the coating material by 
the charging antenna is transmitted back through the 
‘hose to the stationary‘ supply tank by the column of 
highly conductive coating material in the hose, with the 
result that the coating in the hose along the entire 
length thereof is at the high electrical charging poten 
tial. The high voltage column of coating material in the 
hose produces, along the entire length of the hose, a 
large voltage across the hose wall in a radial direction. 
This large radial electrical potential produces current 
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conductivity of the coating material, a voltage approxi 
mating the high charging voltage present at the gun an 
tenna will be applied for some distance back through 
the hose column of coating material in that portion of 
the supply hose adjacent the gun, with a gradual reduc 
tion in voltage as the distance from the gun increases. 
The presence of this gradually diminishing high voltage 
in the supply hose results in a substantial voltage being 
applied radially across the hose wall for a signi?cant 
distance from the gun. This'voltage produces a leakage 
current radially through the hose wall due'to the small, 
yet not insigni?cant hose conductivity. This leakage 
current accumulates measurable electrical charge on 
the exterior surface of the hose for a substantial portion 
of its length. Shouldan operator inadvertently contact 
the hose anywhere in'the length whichis electrically 
charged, the operator will be subjected to an electrical 
shock-Similarly, should'the electrically charged hose 
inadvertently be grounded anywhere along the charged 
length, and thereby discharged, there is a possibility of 
ignition as a consequence-of the ?ammable nature of 
the atmosphere which exists when flammable solvent 
based coatings are‘ used. 

Theoretically, the electrically charged hose problems 
described above could be obviated by increasing the 
radial thickness of the hose to a point such that radial 
current leakage through the hose wall, occasioned by 
the presence therein of electrically charged coating 
material, is reduced to zero or a nonhazardous value 
near zero. However, from. a commercial standpoint 
such a solution is impractical, or at the very least highly 
disadvantageous. For example, if the radial thickness of 
the hose is increased to a point where current leakage 
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in a radially outward direction is zero or a nonhazard 
ous value near zero, the wall thickness of the hose will 
be so large as to render the hose relatively in?exible. 
Since a vast number of electrostatic spray coating ap 
plications require that the spray gun be susceptive of 
movement relative to the stationary coating supply 
tank, it is absolutely essential in these applications that 
the coating supply hose be ?exible to permit the re— 
quired movement of the gun relative to the tank. 
A further disadvantage of increasing the radial thick 

ness of the supply hose wall to a point such that radial 
current leakage through‘ theihose wall is zero or a non 
hazardous value near zero is that over a period of use 
the coating material will permeate radially through at 
least a portion of the supply hose wall due to the fact 
that the supply hose is not completely impermeable to 
the coating material. As a consequence, the resistivity 
of the supply hose wall now permeated by the coating 
is reduced to a point where measurable radial current 
leakage through the hose wall exists, producing a 
charged hose exterior which, as noted, produces ha 
zards of electrical shock and/or ignition should the 
hose be accidentally contacted by the operator or 
grounded in a flammable atmosphere. 

Similarly, and due to the fact that the hose wall is not 
completely chemically inert to the coating material, at 
least some portion of the interior hose wall will be dis 
solved by the coating material. This increases the volt 
age gradient across the wall which, if sufficient, electri 
cally breaks down the wall. Even if dielectric break 
down does not occur, dissolution of a portion of the 
hose wall reduces the electrical path length radially 
through the wall, resulting in increased current leakage 
through the wall for a given applied voltage, in turn in 
creasing the likelihood of shock or ignition hazards. 
Thus, in practice, even a hose wall initially so thick as 
to avoid hazardous current leakage will, eventually, be 
come hazardous due to permeation and/or dissolution 
of the hose wall by the coating material. 

It has been a principal objective of this invention to 
provide an apparatus and method for electrostatically 
spraying moderately and/or highly conductive coating 
materials which are free of safety hazards occasioned 
by inadvertent contacting by the operator of the coat 
ing supply hose and/or accidental grounding'of the 
hose in an explosive environment. This objective has 
been accomplished in accordance with certain princi 
ples of this invention by a very simple and effective, yet 
highly unobvious, approach which comprehends inter 
connecting a spraying device, such as a gun or the like, 
and the remotely located coating supply tank, pump or 
similar coating source, with a coating supply conduit 
characterized, ?rst, by having an inner, coating 
encircling dielectric zone sufficient to withstand dielec 
tric breakdown when subjected to the charging voltage 
by electrically‘ charged coating material in contact 
therewith; and, second, by having an outer, dielectric 
encircling electrically conductive zone to remove from 
the exterior of the conduit electrical charge flowing ra- ‘ 
dially through the dielectric zone, thereby avoiding 
charge accumulation on the conduit exterior and the 
attendant increase in shock and ignition hazards. 
The coating supply conduit of this invention tolerates 

radial charge leakage through the coating supply con 
duit wall, which leakage in practice cannot be avoided, 

' at least where ?exible hoses and extended useful hose 
life are desiderata, and yet avoids the accumulation of 

4 
charge on the outer surface of the conduit. As a come 
quence of this radial charge leakage tolerance, the con~ 
duit accommodates some permeation and dissolution 
of the inner hose wall by the coating material, permit 
ting the conduit to be safely used for an extended pe 
riod free of hazards in the form of operator electrical 
shock should the operator inadvertently contact the 
conduit and/or ignition should the conduit inadver 
tently be grounded in an explosive atmosphere. 
Since the conduit of this invention safely conducts 

away electrical charge radially transported through the 
conduit wall, thereby avoiding hazardous charge accu 
mulation on the conduit exterior, the conduit wall need 
not have a thickness of such proportions that radial 
current flow ‘through the conduit wall is zero or near 
zero. Since a zero radial current leakage wall thickness 

' is not necessary, a wall thickness can be selected which 
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permits flexibility of the conduit as is necessary in many 
electrostatic spray coating applications where the spray 
gun must be moved relative to the coating supply tank, 
pump or the like. ' a 

In accordance with. a preferred. embodiment of the 
invention, the dielectric zone ofthe conduit wall is 
faced, on its interior surface, with material which is 
substantially chemically inert, as well as relatively im 
permeable, to the coating material. By virtue of the im~ 
permeable and inert interior surface of the dielectric 

V zone, the dielectric breakdown resistance zonecan be 
- fabricated of a dielectric material which itself is some 
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what more permeable and/or chemically active with re 
spect to the coating material. This is often desirable, 
particularly where ?exibility of the conduit is essential, 
because impermeable and inert, dielectrics are often 
stiff, and it therefore is advantageous to use as the di 
electric breakdown resistant wall material a somewhat 
more permeable and chemically active dielectric which 
as a rule is generally more ?exible. 
These and other advantages and objectives of the in 

vention will become more readily apparent from a de 
tailed description of the preferred embodiment taken 
in conjunction with the drawings in which: 
FIG. 1 is a vertical cross-sectional elevational view 

(taken through the electricaland coating flow pas~ 
sages) of a manually operatedfelectrostatic air spray 
gun and coating material supply tank shown connected 
by the novel conduit of this invention to provide an 
electrostatic spray coating system capable of safely - 
spraying moderately and highly conductive coating ma 
terials; _ 

FIG. 2 is a vertical cross-sectional elevational view of 
they gun of FIG. 1 taken through the air ?ow passages; 
and ‘ » . 

FIG. 3 is an end elevational view of the spray gun of 
FIGS. 1 and 2, showing the lines along which the sec-i 
tional views of FIGS. 1 and 2 are taken. 
Electrostatic spray coating ‘systems of the general 

type to which this invention relates typically include as 
a principal componentthereof an electrostatic spray‘ 
gun. The gun has a handle designed to be manually 
grasped in use by the operator and a barrel which at its 
forward end terminates in a nozzle. A spray of ?nely 
divided, or atomized, particles of coating material, such 
as paint, lacquer, enamel, or the like ?ows from the gun 
nozzle toward the object being coated when an actua 
tor on the handle, such as a trigger, is actuated by the 
operator. An‘ electrode, electrically insulated from the 
gunhandle, trigger, and barrel is mounted in the nozzle 
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and maintained at a high d.c. potential, e.g., 75 Kv, for 
electrostatically charging the coating particles as they 
leave the nozzle. Electrostatic charging of the particles 
enhances, for well known reasons, the deposition of the 
coating on the article being coated, which is typically 
maintained at ground potential. A source of coating 
material is connected to the barrel of the gun via a ?ex 
ible conduit, hose, or supply line. Actuation of the trig 
ger activates a ?ow valve in the gun to permit the ?ow 
of coating material to the nozzle whereat it is atomized 
and emitted as a spray. Electrostatic spray systems also 
typically include an electrical power pack or booster 
supply for transformingv commercially available low 
voltage power to high d.c. voltages which are applied 
to the gun electrode for electrostatically charging the 
coating particle. 
Depending upon whether or not the gun is of the 

“air” type, wherein atomization of the liquid coating 
stream is effected by impact of an air stream with the 
liquid coating stream, a source of air may or may not 
be connected to the gun via an air line for impinging air 
on the liquid stream in the region of the nozzle. If the 
spray gun is of the “airless” type, wherein atomization 
of the coating particles in the region of the nozzle is ef 
fected hydraulically, the air line may be omitted. 
With reference to the drawings, an electrostatic spray 

gun 10 is illustrated which is of the air-operated type, 
relying upon the impact of anlair stream, with a liquid 
coating stream to effect atomization of the coating ma 
terial. While the preferred embodiment of the inven-. 
tion is described as applied to an air gun, it should be 
understood that the invention is equally applicable to 
other types of electrostatic manual and automatic spray 
guns and systems. ' 
The gun 10, considered in more detail in connection 

with FIGS. 1 and 2, comprises an electrically conduc 
tive metal handle assembly 11 contoured to be conve 
niently grasped by the operator, an elongated electri 
cally insulative barrel assembly 12 and an insulative 
nozzle assembly 13. The handle assembly 11 is gener 
ally made from a metal casting, such as-aluminum, and 
includes an air inlet 16, a trigger actuated air ?ow con 
trol valve l7,_and a trigger 18 for controlling‘ the ?ow 
of air through the valve 17. There is also an adjustable ’ 
air valve 20 in the gun handle 11 for controlling the 
vshape or “fan” of the coating spray emitted from the 
gun. The air inlet port‘ 16 opens into a generally vertical 
air passage 21 which communicates with a transverse 
counterbored air valve passage 22. The air passage 22 
in turn communicates with a pair of horizontal air lines 
23, 24 in the handle assembly 1 l which in turn commu 
nicatewith horizontal passages 25, 26 of the barrel as 
sembly 12._ I ' 

The barrel assembly 12 is made from an‘electrically 
_ insulative material, such as one of the common plastics, 
and includes the main body section 27 through which > 
the pair. of air lines or passages 25, 26 extend, as well 
as the material ?ow control passage 35 and an electri 
cal flow control passage 36. The material ?ow control 
passage 35 is intersected by an inclined- passage 37 
through which coating material is supplied from a coat 
ing supply tank 33 to the passage 35 via the novel coat 
ing conduit 38 of this invention, to be described in 
more detail later, which has its end 38-1 connected to 
the gun. The section of coating hose 38 adjacent the 
lower end of the handle is supported by an electrically 
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6 
trical continuity between the outer surface, skin, or 
zone 38A of the conduit 38 and the electrically con 
ductive handle 11. The bracket assembly 40 includes 
an angled conductive metal strap 40A having its one 
end fastened to the handle butt 11A via a threaded 
screw fastener 39. The other end of the strap 40A is ap 
ertured to receive an externally threaded electrically 
conductive metal collar 40B. Collar 40B has a ?ared 
bore section 40C which slidingly engages the exterior 
surface of conduit sheath, skin, or zone 38A, and an 
un?ared bore section 40D. A second electrically con 
ductive metal collar 40E is provided which threadedly 
engages the collar 40B. A frusto-conical section 40F of 
collar 40E ?ts between ?ared bore 40C of collar 40B 
and the exterior surface of conduit sheath 38A. As col 
lar. 40E is screwed down over collar 40B, collar section 
40F is wedged against the exterior conduit sheath 38A, 
to establish an electrical connection between sheath 
38A and collar 40E. Since collars 4015 and 408, as well 
as strap 40A, are electrically conductive, the sheath 
38A is electrically connected to conductive handle 1 1. 
Air ?ow in the passage 26 of the barrel is controlled 

. by the trigger actuated valve 17, while air ?ow in the 

25 
passage 25 is regulated by the valve 20 of the handle. 
At'the forward end of' the barrel body 27, a passage 
(not shown) through the nozzle assembly, 13 communi- I 

' cates between the air ?ow passage 26 and a passage 41 
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of the nozzle assembly 13. This latter passage 41 is lo 
cated between a ?uid nozzle 42 and an air nozzle 43, 
and is open at the front so that it de?nes an‘ annular air 
passage 44 around the coating ori?ce (not shown) of 
the ?uid nozzle 42. Air issuing from this air passage 44 
impinges with the stream of coating issuing from the 
coating ori?ce of ‘the nozzle ‘42 and at least coarsely at 
omizes coating the stream. There may be additional 
ports of the air vnozzle 43 connected with the air pas 
sage 26 to further atomize the coating stream. There 
are also a pair of fan-shaping ports (not shown) located 
in a pair of horns 45 of the air nozzle 43 which commu 
nicates through a passage of the air nozzle 43 with the 
passage 25 of the barrel 27. Adjustment of the valve 20 
controls the amount of ?ow of air issuing from the 
horns 45 of the nozzle and thus the degree of “fan” 
formed by the atomized spray. I 
Flow of coating through the coating nozzle 42 is con— 

~ trolled by ‘a valve 50 located at the forward end of the 
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conductive bracket assembly 40 which establishes elec- ’ 

passage 35. The valve comprises a metal seat 47 lo- ’ 
cated in a counterbored recess 48 and a movable metal 
'needle’51. At its forward end the needle 51 is receiv 
able in anaxial aperture of the seat 47 to close the 
valve and preclude the passage of coating into and 
through the nozzle assembly 13. The needle 51 at its ' 
opposite end is attached to the trigger 18 so that in ad 
dition to controlling the ?ow of air through the gun, the 
trigger controls the ?ow of coating through the gun. 
The connection of the trigger to the air valve 17 and to 
the coating valve 50 is such that the air valve 17 always 
opens upon initiation of paint ?ow. 

All of the components of the coating control valve 50 
are made from insulative material except for the needle 
51, a biasing spring 52, an intermediate needle section 
55, and a trigger connecting needle section 53. Conse 
quently, the nonconductive components of the coating 
valve 50 maintain an electrical stand-off between the 
electrically conductive element's at the forward end of 
the gun and the metal conductive elements, particu 
larly the handle, at the rear of the gun. Also, reduction 
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of conductive components in contact with the coating 
reduces the capacity of the gun for build-up of capaci 
tive energy which could arc to ignite the volatile atmo 
sphere or shock the operator, thereby maximizing 
safety in a further respect. 
The coating material nozzle 42 is made from an elec 

trically nonconductive material which is threaded into 
a counterbore 57 in the forward end of the body 27. It 
has an axial passage or bore (not shown) which opens 
into the rear of the counterbore 57. The rear of the 
counterbore 57 in turn communicates with the central 
aperture of the valve seat 47 via a passage 58 such that 
coating material passing through the aperture of the 
valve seat 47 may enter and pass through the axial pas 
sage in the coating nozzle 42. The axial passage in the 
coating nozzle 42 terminates in a small diameter outlet 
for discharge of a solid stream or jet of coating mate 
rial. ' 

The air nozzle 43 is also made from an electrically 
nonconductive material. It is threaded over a threaded 
sector of the barrel and has air passages which connect 
the ports and the horns 45 to the fan air control passage 
'25 of the barrel. 
An antenna or electrode 61 protrudes from the ori 

?ce of the coating nozzle 42. A high unidirectional d.c. 
potential, e.g., 75 Kv, is supplied to the antenna 61 via 
an insulated electrical conductor 62 which intercon 
nects the gun and power supply. The cable 62 is a con 
ventional ?exible coaxial cableiwithin which there is a 
central electrical conductor surrounded by an insulat 
ing sheath, a conductive grounding sheath, and an en 
casing sheath of insulation. This cable is secured to the 
gun by conventional locking plug 63. The electrically 
conductive portion of the cable together with its elec~ 
trically insulating sheath extends upwardly from the 
plug 63 into and through a nonconductive hose 64. > 
This hose ?ts within the handle of the gun and pro 
trudes from the forward handle end into the barrel 
wherein the central electrically conductive portion of 
the cable connects to the antenna 61 via a resistor 66 
and other suitable connecting members such as spring 
65, lead 67, and spring 68. The conductive grounding 
sheath is electrically connected to the gun handle 11 by 
the conductive locking plug 63 to effectively ground 
the handle 1 1, as well as ground via conductive bracket 
40 the exterior sheath or surface 38A of the coating 
supply hose 38. ' g 

The coating supply tank 33 is conventional in design 
and includes a metallic container 72, preferably alumi 
num, capable of holding anywhere from 1 gallon to 50 
gallons of coating material 73. The tank 33 is provided 
with a selectively removable aluminum cover 74 which 
in use is held in sealing engagement with the coating 
containing tank via circumferentially spaced clamps 
75, one of which is shown.’ An air conduit 76 formed 
in the tank cover 74 communicates the interior 77 of 
the tank above the level of the coating 73 with a source 
of pressurized air (not shown) for maintaining the coat 
ing under pressure. With the coating in the tank 33 
pressurized, the coating is pressure fed to the conduit 
38 and thence to the spray gun 10 via a conductive 
metal tube 78. Tube 78 has its upper end passing 
through the tank cover 74 to communicate with the re~ 
mote end 38-2 of the coating conduit 38 and its lower 
end immersed in the pressurized coating 73. An agitat 
ing mechanism 80 in the form of an impeller 81 ?xed 
to the end of a shaft 82 driven by a motor 83 extends 
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into the coating material 73 for the purpose of insuring 
that the coating is maintained in a homogeneous state. 
When moderately conductive coatings are being 

used, the resistance of the column of coating in the 
conduit 38, which often is 25 feet or longer in length, 
is suf?cient to prevent the high voltage charging poten 
tial at the gun antenna from being applied to any appre 
ciable extent to the tank 33 or'its contents 73. Under 
such circumstances, the tank 33, and accordingly the 
coating cOntents 73 thereof, are electrically connected 
to ground potential via an electrically conductive strap 
or the like (not shown) having one end electrically con 
nected to the tank and the other end to a source of 
ground potential. Such grounding will enable any elec 
trical charge from the high voltage gun antenna which 
does leak to the tank via the coating column in the con 
duit to be safely discharged without hazardous electri 
cal charge accumulation in the tank. When highly con~ 
ductive coatings are being used, the conductive tank 
and coating contents are not electrically grounded inas 
much as the high voltage charging potential of the gun 
antenna is applied to the tankcontents via the highly 
conductive coating column ‘in the conduit. Instead, the 
tank is electrically insulated from ground potential by 
suitable means, such as shown in copending application 
Serial No. 199,114, ?led Nov. 16, 1971 in the names 
of Hastings et al., assigned to the assignee of this appli 
cation. The Hastings et al. application is incorporated 
herein by reference. 
As noted earlier, this invention has unusual utility in 

the spraying of moderatelyconductive and highly con 
ductive coating materials. Illustrative of the moderately 
conductive coating materials are solvent-based coat 
ings such as enamels and lacquers wherein the solvent 
may be acetone, ethanol, methanol, methyl-ethyl 
ketone, or the like. Illustrative of highly conductive 
coating materials are water-based enamels. Of course, 
it should be understood that this invention can also be 
utilized to spray low conductive coating materials. 
The novel coating conduit, hose, or supply line 38 of 

this invention, in accordance with a preferred form 
thereof, includes an electrically conductive outer layer, 
surface, skin sheath, or zone 38A, an intermediate di 
electric breakdown resistant layer, core, sheath, or 
zone 38B, and an inner barrier surface, skin, layer, 
sheath, or zone 38C. The inner surface or zone 38C is 
preferably chemically inert with respect to the coating 
being transported within a bore 38D defined thereby 
such that the surface 38C will not be signi?cantly cor~ 
roded, dissolved, eroded, or otherwise physically or 
chemically deteriorated by chemical interaction with 
the coating being conveyed through the bore. The 
inner surface 38C_ is also preferably essentially imper 
meable with respect to the coating conveyed through 
bore 38D, effectively establishing a ?uid-tight barrier 
between the coating-transporting bore 38D and the re 
maining layers or zones 38B and 38C of the conduit 38. 
The establishment of a barrier between'the bore 38D 
and zones 38B and 38C which,.with respect to the coat 
ing being transported is substantially ?uid-tight, limits 
possible permeation of the intermediate dielectric zone 
38B by the coating should the latter zone be permea 
ble, which is often the case where the intermediate 
zone is fabricated of ?exible dielectric material since 
many ?exible dielectric materials are permeable to 
common coating solvents. Were signi?cant permeation 
of zone 38C permitted to occur, an electrically conduc 
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tive path through the zone 38B could be established, 
assuming the latter is permeable, leading to undesirably 
high electrical current leakage in a radial direction 
through the wall of conduit 38. 
The zone 38C can be fabricated of electrically con 

ductive material, although an insulative material is pre 
ferred. One such insulative material found to be highly 
desirable for use in fabricating zone 38C when the con 
duit is used to transport coatings having solvent bases 
utilizing acetone, methyl-ethyl-ketone, ethanol, metha 
nol and the like, is hollow extruded tetra?uro-ethylene 
tubin'g. Preferably, a wall thickness measured in the ra 
dial direction of no more than approximately 40 mils is 
provided. ,Since tetrafluroethylene, which is substan 
tially inert and impermeable to common organic coat 
ing solvents, is relatively stiff, the thickness of zone 38C 
should be kept to a minimum to maintain conduit ?exi 
bility. Tetra?uroethylene has a resistivity of approxi 
mately 10"‘ ohm-centimeters and a dielectric break 
down resistance of approximately 1,000 volts/mil, and 
as such resists substantial radial electrical current flow 
and dielectric breakdown when subjected to coating at 
the charging potential. Obviously, other compositions 
can be used to fabricate the inner zone 38C, the partic 
ular composition depending upon the characteristics of 
the coating being transported through the bore 38D. 
The intermediate core or zone 38B functions, in 

combination with the inner zone 38C, to establish a di 
electric breakdown resistant barrier in the radial direc 
tion which withstands dielectric breakdown when the 
interface between the inner zone 38C and the coating 
in bore38D is subjected to a high voltage as necessarily 
occurs when the gun antenna charging voltage is ap 
plied to the interface via the column of moderately or 
highly conductive coating in the bore which is in elec 
trical contact with the gun. In a preferred form of the 
invention, the intermediate dielectric breakdown resis 
tant zone or bore 38B-is fabricated of extruded hollow 
polyethylene tubing having a thickness of approxi 
mately 85 mils. Such a construction is relatively ?exi 
ble, in addition to having the desired electrical proper 
ties of low radial current leakage and high dielectric 
breakdown resistance. Speci?cally, polyethylene has a 
resistivity of l0l5 — 10"‘ ohm-centimeters and a dielec 
tric breakdown resistance of approximately 700 volts 
per mil and, like zone 38C, resists substantial radial‘ 
electrical current leakage flow and dielectric break 
down when'subjected to voltages thereacross on the 
order of the charging potential. Other dielectric materi 
als could be utilized depending 'upon the degree to 
which it is desired that the intermediate zone material 
be chemically inert and impermeable to the coating. 
For example, polypropylene and vinyl plastics may ‘be 
used although such are more prone to being dissolved 
or permeated by organic coating solvents should such 
permeate through the inner surface or zone 38A which, 
in practice, occurs to at least a very slight extent. 

It has been found desirable to fabricate the inner and 
intermediate zones 38C and 38B of material which pro 
vides a combined, or average, dielectric strength of ap 
proximately 800 volts per mil, although average, or 
combined, dielectric strengths ranging between 250 
volts per mil and 1,000 volts per mil are satisfactory for 
speci?c applications. If composite dielectric strengths 
of lesser values are used, the thickness of the conduit 
wall measured in the radial direction may become un 
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desirably large, increasing the bulk and stiffness of the 
coating conduit. ' ' > 

The outer electrically conductive zone or surface 
38A functions to leak, or conduct away, to a potential 
lower than that of the charged coating in bore 38D, 
e.g., to ground potential, electrical charge which has 
flowed radially through the inner and intermediate 
zones 38C and 388. Some charge ?ow does occur in 
practice due to the less than infinite resistivity and im 
permeability of the materials of zones 38B and 38C, 
which resistivity and impermeability tend to degrade 
with time and use. - The charge removal function of 
outer conductive zone 38A prevents the accumulation 
or build-up of electrical charge on the outer surface of 
the conduit 38. Such charge accumulation would pres 
ent a safety hazard in the form of an electrical shock to 
a grounded operator inadvertently contacting the hose, 
or ignition if theexterior surface of the conduit were 
inadvertently grounded in an 'explosive atmosphere, 
since in each case the accumulated charge on the exte 
rior of the conduit would discharge to ground. 

In a preferred form, where resistance to abrasion is 
desired, the outer zone 38A is fabricated of an electri 
cally conductive plastic, such as carbon-loaded poly 
urethane having a wall thickness measured in a radial 
‘direction of approximately 20 mils. Of course, other 
electrically conductive plastics may be used, and ‘a de‘ 
scription of such may be found in ASME Publication 
66-MD-3l entitled “Conductive Plastics” by Irving Li 
tant, and in Machine Design, “Conductive Plastics” by 
Irving Litant, Oct. 16, 1969, Pages 168-172. Altema 
tively, outer zone 38A may be an electrically conduc‘ 
tive metallic foil, sheath, or the like of copper, silver, 
aluminum or similar conductive material. . 
Since in practice there is some current leakage radi 

ally through the wall of the conduit 38 to outer surface 
ofthe conduit from the interface of zone 38C and elec 
trically charged coating, and further since such current 
leakage is distributed in varying amounts along the lon 
gitudinal axis of the conduit, the'conduction to ground 
of the radial leakage current by the exterior zone 38A 
necessarily produces a voltage drop in an axialdirec 
tion along the length of the conductive zone 38A. Since 
under normal conditions the external conductive sur 
face 38A will be grounded at two points, namely, at op 
posite ends of the conduit-where it communicates with 
the gun l0 and with the tank 33, the radial leakage cur 
rent charge removal path ‘measured in an axial direc 
tion will have a length equal to approximately one-half 
the total length of the conduit. Withconduit lengths of 
25 feet, an axial leakage current removal path of 12% 
feet will be present along the exterior zone 38A assum 
ing the exterior zone is grounded at both its ends. of 
course, if the conduit zone 38A is grounded at only one 
end, either the gun or tank, the leakage current re 
moval path axially along the exterior conductive zone 
38A will have a length equal to the length of the hose. 
Since any electrical current ?ow is necessarily accom 
panied by a voltage drop due to the resistance vof the 
conducting material, the axial leakage current ‘removal 
?ow to ground potential provided by exterior zone 38A 
produces a voltage drop in an axial direction along the 
surface of the exterior zone 38A. Preferably this volt 
age drop should be maintained at a low value, for ex 
ample, on the order of 15 volts or less. Accordingly,the 
resistivity and ‘thickness of the conductive zone 38A 
should be selected such that for a given total radial 
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leakage current through the zones 38C and 388 along 
the entire conduit length, and’ for a given conduit 
length and number of ground potential connections, 
the maximum voltage with respect to ground potential 
along the length of the conductive zone 38A is main 
tained at a safe minimum. 
To assure that the desired safe minimum voltage drop 

along the length of the external surface 38A is 
achieved, the carbon-loaded polyurethane layer or 
zone 38A of the preferred embodiment may be supple 
mented by provision of an external sheath (not shown) 
of highly conductive metal,.such as copper, in electrical 
contact therewith. Alternatively, for the carbon-loaded 
polyurethane zone 38A a highly conductive metallic 
layer such as copper, foil,‘ braid, or the like may be sub 
stituted. However, and as noted, a conductive plastic, 
such ascarbon-loaded polyurethane, is preferred by 
virtue of its high abrasion resistant characteristic, and 
accordingly when a conductive plastic isutilized, its 
wall thickness measured in a radial direction will be de 
termined in part by the thickness required to give the 
desired abrasion resistance. Of course, the wall thick 
ness of the exterior surface 38A measured in a radial 
direction will also be determined by the annular cross 
sectional area thereof required to give the desired resis 
tance per unit axial conduit length such that the voltage 
drop in the axial direction along the exterior surface of 
the conduit will not be undesirably high. 
As‘noted, conductive conduit zone 38A preferably is 

grounded at both its opposite ends 38-1 and 38-2. 
Where moderately conductive coating is used and tank 
33 is grounded, conduit zone 38A at end 38-2 is electri 
cally connected to the tank by an electrically conduc 
tive fitting 85 having an integral crimpable collar 85A 
which surrounds the conductive zone 38A and is in inti 
mate electrical and physical contact therewith. Fitting 
85 is threaded to an electrically conductive manually 
operated shut-off valve 87 which itself is threaded to 
the conductive coating feed pipe 78 secured to, and in 
electrical contact with, grounded tank cover 74. If tank 
33 is not grounded, as when highly conductive coatings 
are used, zone 38A at conduit end 38-2 can be 
grounded independently by a separate ground cable 
(not shown). Of course, suitable electrical stand-offs 
should be provided between the high voltage zone 38C 
and the grounded zone 38A at end 38-2. 
Conduit zone 38A at conduit end 38-1 is grounded 

via conductive bracket 40 mounted to conductive han 
dle 11, as described earlier. 
To provide the desired electrical stand-off between 

grounded zone 38A of conduit end 38-1 and the inner 
zone 38C in contact with the charged coating inv bore 
38D, insulative fitting 88 is used. Fitting 88 includes an 
upper insulative end section 89 threaded into the pas 
sage 37 of insulative barrel l2, and a lower insulative 
end section 90 threaded to the upper end section 88. 
Inner conduit zone 38C at its end surrounds an insula 
tive tubular insert 91 located in bore 38D of the ?tting 
section 89. The tapered upper end of ?tting section 90 
surrounds the end of conduit zone 38A and when 
threadedjnto ?tting section 89 clamps conduit zone 
38A around insert 91 to seal the connection between 
bore 38D and gun barrel passage 37. Conductive con 
duit zone 38A is received in the bore 92 of ?tting sec 
tion 90 and sealed by an O-ring. The distance between 
the foreshortened end of outer conductive conduit 
zone 38A and the end of inner conduit zone 38C which 
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contacts the charged coating in bore 38D provides the 
necessary electrical stand-off at conduit end 38-1 be 
tween conduit zones 38A and 38C. ‘Intermediate di 
electric zone 38B terminates at a point between the 
ends of zones 38A and 38C. ' 

In the preferred embodiment, a three-layer compos 
ite conduit structure was described to afford the char 
acteristics of a) flexibility of the overall conduit, b) 
chemical inertness and c) imperrneableness of the 
inner zone to the coating, d) resistance of the conduit 
to dielectric breakdown when subjected to voltages ap 
plied by the charged coating transported by the con» 
duit, and e) requisite conductivity of the outer zone for 
conducting away to a lower potential radial current 
leakage through the conduit wall. It is to be understood 
that such a three-layer composite conduit is not the 
only suitable approach. For example, the inner and in 
termediate zones 38C and 388 can be substituted by a 
single layer or zone providing such single layer or zone 
has the requisite ?exibility if such is necessary in the 
particular application, inertness and impermeableness 
to the coating, resistance to dielectric breakdown when 
subjected to a high voltage by the charged coating 
transported in bore 38D, and a radial'electrical resis 
tance which will limit current leakage in a radial direc 
tion from the charged coating in the bore to a relatively 
low value, e.g., below 1 microampere. 
The composite conduit _of this invention havingan 

inner dielectric breakdown resistant zone and an outer 
charge-removing conductive zone can be used, when 
?lled with an electrically conductive ?uid, as a ?uid 
state electrical conductor for transporting high voltage 
power between two spaced .points interconnected by 
the conduit. For example, instead of using a conven 
tional solid-state electrical conductor, such as an insu 
lated copper wire, to conduct high voltage power from 
the power pack to the coating charging gun antenna, . 
the composite conduit of this invention, ?lled with a 
conductive fluid, to thereby establish a ?uid-state elec 
trical conductor, could be employed. The conduit ?uid 
at one end of the conduit bore would be electrically 
connected to the gun antenna while the conduit ?uid 
at the other end of the conduit bore would be electri 
cally connected to the high voltage power supply. In 
this manner, the high voltage at the power supply 
would be applied to the gun antenna via the conductive 
fluid in the conduit bore. Depending upon whether or 
not the conductive ?uid is 'an electrolyte, the mecha 
nism of electrical conduction, or electrical charge 
transport will be effected either by ion migration in the 
case of an electrolyte or free electron transport if the 
conductive ?uid is not an electrolyte. The outer con 
ductive conduit zone would be electrically connected 
to a source of potential substantially lower than the po 
tential of the high voltage power supply. 
When the conduit of this invention is used as a ?uid 

state electrical conductor, the safety features noted in 
connection with its use to transport electrically charged 
coating material from a tank to a gun are fully realized. 
Speci?cally, the inner dielectric wall or conduit zone 
resists dielectric breakdown when subjected to high 
voltages by the high voltage conductive ?uid in contact 
therewith. Additionally, the outer conductive conduit 
zone removes charge which would otherwise tend to 
accumulate on the exterior of the conduit as a conse 
quence of radial current leakage through the conduit 
wall. Since charge accumulation on the conduit exte 
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rior is avoided, electrical shock and ignition hazards 
due to inadvertent contacting of the conduit by a 
grounded operator or accidental grounding of the con 
duit are eliminated. 
From the foregoing disclosure of the general princi 

ples of the present invention and the'above description 
of the preferred embodiment, those skilled in the art 
will readily comprehend various modi?cations to which 
the present invention is susceptible. Accordingly, we 
desire to be limited only by the scope of the following 
claims: ’ 

We claim: 
1. A method of electrostatically spraying at least 

moderately electrically conductive coating material 
comprising the steps of: 

electrically charging the coating material to a high 
voltage prior to deposition thereof on an object to 
be coated, ' 

supplying the coating material to a spraying device 
through a'hollow conduit having a wall structure in 
contact with said coating material which is substan 
tially chemically inert and impermeable to said 
coating, said conduit through which said coating is 
supplied being constructed to withstand dielectric 
breakdown when subjected to the coating charging 
voltage, and ' j > ' 

removing, from the exterior surface of said conduit, 
electrical charge which has been conducted radi 
ally through said conduit from electrically charged 
coating material in said conduit.“ ‘ 

2. The method of claim 1 wherein said charge 
removing step includes conducting electrical charge 
from the exterior surface of said conduit by electrically 
connecting said exterior conduit surface at a point 
proximate said spray device to a potential source hav 
ing 'a potential substantially ‘lower than the coating 
charging potential. - ' ' ‘ 

3. The method of claim 1 wherein said charge 
removing step includes conducting electrical charge 
from the exterior surface of said conduit by electrically 
connecting said exterior conduit surface at a point 
proximate the coating supply to a potential source hav 
ing a potential substantially lower than the coating 

- charging potential. , . 

4. The method of claim 1 wherein said charge 
removing step includes conducting electrical charge 
from the exterior surface of said conduit by electrically 
connecting said exterior conduit surface at a ?rst point 
proximate said spray ‘device and at a second point prox 
imate said coating supply to a potential substantially 
lower than the coating charging potential, ' 

5. An electrostatic spray coating system comprising: 
a supply of at least moderately electrically conduc 

tive coating material, » . - 

a source of high voltage unidirectional electrical cur~ 
rent, ' ; ' 

a coating spraying device located remote from said 
coating supply for spraying’ coating material onto 
an object to be coated, said object being main 
tained at an electrical potential different from said 
high voltage source, _ 

an electrically conductive element electrically con 
nected to said high voltage source and locatedt'o 
electrically charge said coating material prior to 
coating said object, and _ 

a coating conduit interconnecting said spraying de 
vice and said coating supply having a bore through 
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14' 
which coating material is transported from said 

; coating supply to said spray device, said conduit 
including ' , 

a. an inner zone surrounding said bore, said inner 
zone including 'material which is substantially 
chemically inert and impermeable to said coating 
material, ' ' 

b, an outer zone of electrically conductive material 
surrounding said inner zone, said outer zone 
being electrically connected to a source of elec 
trical potential substantially lower than said po 
tential of said‘high voltage source, and 

c. an intermediate zone between said inner and 
outer zones, said intermediate zone including di 
electric material,‘ 

said inner and intermediate zones having dielectric 
constants and radial thicknesses selected to avoid 
dielectric breakdown therein when subjected to 
the potential difference existing between 1) the 
interface of said transported coating and inner 
zone and '2) said outer zone, 

said inner and intermediate zones having resistivi 
ties collectively permitting electrical current 
leakage from said transported coating in said 
bore to said outer zone in an amount which, if al 
lowed to -accumulate,vwould electrically charge 
said outer zone to a measurable level and pro 
duce unsafe operator electrical shock and/or ex 
plosive atmosphere ignition hazards. 

6. An electrostatic spray coating system comprising: 
a supply of at least moderately electrically conduc 

tive coating material, 
a source of high voltage unidirectional electrical cur 

rent, ' 

a coating spraying device located remote from said 
coating supply for spraying coating material onto 
an object to be coated, said object being main~ 
tained at an electrical potential different from said 
high voltage source, _ _ 

an electrically conductive element electrically con 
nected-to said high voltage source and located to 
electrically charge said coating material prior to 
coating said object, and ' ’ 

a coating conduit interconnecting said spraying de 
vice and'said coating supply having a bore through 
which coating material’is transported from said 
coating supply to said spray device, said conduit 
including ‘ ' y t . 

a. a first zone surrounding said bore, said’first zone 
including electrically conductive material con 
nected to a source of electrical potential substan 
tially lower than said potential of said high volt- ' 
age source, and ' ' - 

b. a second zone between said bore and said first 
zone, said second zone including material which 
is substantially chemically inert and impermeable 
to said coating material, said second zone includ-_ 
ing dielectric material constructed to avoid di 
electric breakdown therein‘ when subjected to 
the potential difference existing between 1) said 
transported coating and 2) said ?rst zone, said 
second zone having a resistivity permitting elec 
trical current leakage th'erethrough from said 
transported coating in said bore to said ?rst zone 
in an amount which would, if allowed to accumu 
late, electrically charge said second zone to a 
measurable level and produce unsafe operator 
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electrical shock and/or explosive atmosphere ig 
nition hazards. 

7. An electrostatic spray coating system comprising: 
a supply of at least moderately electrically conduc 

tive coating material, 
a coating spraying device located remote from said 
coating supply for spraying coating material onto 
an object to be coated, said object being main 
tained at an electrical potential different from said 
high voltage source, 

coating charging apparatus for electrically charging 
said coating material prior to coating said object, 
and 

a coating conduit interconnecting said spraying de 
vice and said coating supply, said conduit including 
a bore through which coating material is trans 
ported from said coating supply to said spray de 
vice, said conduit including ' 
a. a ?rst zone surrounding said bore in electrical 
contact with said transported coating, said ?rst 
zone including dielectric materialfor avoiding 
dielectric breakdown of‘said ?rst zone when con 
tacted by electrically charged coating material 
transported in said bore, and 

b. a second zone surrounding said ?rst zone, said 
second zone including electrically conductive 
material connected to an electrical potential 
source of lower potential than the potential of 
said transported coating for preventing accumu 
lation of electrical charge radially interiorly of 
said second zone occasioned by electrical cur 
rent conduction radially through said ?rst zone. 

8. An electrostatic spray coating system comprising: 

a supply of at least moderately electrically conduc 
tive coating material, 

a coating spraying device located remote from said 
coating supply for spraying coating material onto 
an object to be coated, said object being main 
tained at an electrical potential different from said 
high voltage source, ' 

coating charging apparatus for electrically charging 
said coating material prior to coating said object, 
and _ 

a coating conduit inteconnecting said spraying device 
and said coating supply, said conduit including a 
bore through which coating material is transported 
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from said coatingsupply to said spray device, said 
conduit including ‘ 

a. a dielectric wall surrounding said bore and hav 
ing a zone in contact with the coating which is 
substantially chemically inert and impermeable 
to said coating, said dielectric wall withstanding 
electrical breakdown when subjected to the coat 
ing charging potential, said dielectric wall per 
mitting only an insubstantial electrical current 
flow in a radial dirction,’and 

b. charge conduction means for removing charge 
from said wall occasioned by said radial electri 
cal current conduction. 

9. An electrostatic coating spray system comprising: 

a coating spray device, . 
an antenna ?xed relative to said spray device, 
a source of high voltage unidirectional current, said 
source electrically connected to said antenna to 
electrostatically charge coating material prior to 
deposition thereof on an object to be coated, 

a source of moderately conductive coating material, 
a hollow coating conduit interconnecting said coat 

ing source and said spray device for transporting 
coating material to said spray device, said conduit 
having a dielectric wall with a zone in contact with ’ 
the coating which is substantially chemically inert 
and impermeable to said coating, said wall con 
structed to withstand dielectric breakdown when 
subjected to an electrical potential by electrically 
charged coating material in said conduit, and 

charge removal means electrically connected to the 
exterior surface of the said dielectric wall for re- - 

moving therefrom electrical charge which has been 
conducted radially through‘said wall from electri 
cally charged coating material in said conduit.‘ ‘ 

10. An electrostatic coating spray system of claim 9 
wherein said dielectric wall has an electrical resistance 
sufficiently low to permit electrical current to flow 
therethrough from said charged coating in said conduit 
in an amount which would, if allowed to‘ accumulate, 
electrically charge said exterior surface of said dielec 
‘tric wall to a measurable level and'produce unsafe op 
erator electrical shock and/or explosive atmosphere ig 
nition hazards. ‘ 

’ * * * a: * 


