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ABSTRACT OF THE DISCLOSURE 
Paper making takes place in an atmosphere laden with 

water vapor. Where coating of the paper product is 
desirable, water vapor may condense on the coating ap 
paratus. If the coating apparatus is supported over the 
paper product during its formation, the impact of con 
densed water droplets from the coating apparatus will 
form imperfections in the paper product. To prevent 
condensation of water vapor on the coating apparatus, it 
is surrounded with a gas that is diffused outwardly from 
the apparatus through a porous non-conductive housing. 

This invention relates to the manufacture of cellulosic 
sheet material, such as paper and paperboard, in which 
a spray of materials is electrostatically applied to a 
water-wet fibrous cellulosic sheet material, as for ex 
ample exists on the foraminous wire net of a Fourdrinier 
machine. 

In the manufacture of cellulosic sheet products such 
as paper and paperboard, it is important to adapt the 
physical characteristics of the product to different uses. 
For this reason, it is frequently desirable to deposit 
materials onto the cellulosic sheet during its formation. 
For example, in the case of printing papers such as news 
print, one of the most important characteristics is so 
called pick resistance. It is a measure of the ease or dif 
ficulty with which the surface fibers can be removed from 
the remainder of the sheet and is therefore a measure 
of surface strength. In the printing operation ink is ap 
plied to the surface of the sheet by means of a printing 
plate or, in the case of offset printing, by rubber transfer 
blanket or roll. When a sheet is removed from the blanket 
or roll there is a tendency for free, or loose, or inade 
quately bonded surface fibers to pick off the surface 
of the sheet and to remain on the plate or blanket. When 
enough of these fibers have collected, they interfere with 
the ink distribution and a mottled uneven printing area 
results. To improve the pick resistance of the sheet it 
is desirable to apply starch sizing to the Surface of the 
paper. The starch is applied to the surface of the web 
of water-wet paper pulp as it moves on the Fourdrinier 
wire. Other important properties which may be improved 
by the deposition of materials to a paper web are strength, 
rigidity, smoothness, porosity, brightness, opacity and a 
tendency to absorb or resist penetration of various fluids 
such as water, oil, wax and ink. 

In many coating operations it is desirable that the 
material be deposited upon the cellulosic sheet while the 
sheet is supported by the Fourdrinier wire. However, the 
water-wet cellulosic sheet material supported on the wire 
is very fragile and may be easily disrupted or its surface 
marred by the deposition of large droplets of liquid. Im 
perfections caused by the deposition of large droplets at 
the Fourdrinier wire may be apparent in the formed prod 
uct and are thus undersirable. 

In non-electrostatic methods of deposition of coating 
materials onto a cellulosic sheet, a spray of material is 
deposited on the cellulosic sheet material by either the 
force of gravity or mechanical forces imparting mo 
mentum in the direction of the sheet. With these methods 
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2 
of application the fineness of the spray which can be 
deposited is limited by movement of air adjacent the 
Fourdrinier wire. Spray droplets have Small diameters 
have large surface-to-mass ratios and are easily moved by 
moving air streams. Where deposition is effected by 
gravity or by the momentum imparted to the Spray, 
penetration of the moving air adjacent the web can be 
achieved only with relatively large spray droplets. How 
ever, fine spray particles can be deposited if they are 
electrically charged and directed into the vicinity of the 
cellulosic sheet while the cellulosic sheet material is 
maintained at a spray attracting potential by grounding 
the Fourdrinier wire. The spray particles, if highly 
charged, will be attracted through the moving air adjacent 
the sheet and deposited on the surface of the sheet. Ap 
paratus and method to form and highly charge a spray of 
liquid material are shown in U.S. Pats. 3,169,882 and 
3,169,883. Such apparatus can atomize and charge a 
liquid dispersion of finely divided solid material to be 
applied to the sheet, such as uncooked starch in Water, 
or a material in liquid form. Materials in dry powder 
form may be applied to the cellulosic sheet by fluidizing 
the powdered material, entraining the fluidized powder 
in a moving air stream by means of an injection pump 
immersed in the fluidized powder material and feeding 
the air-entrained powder material to a dispersing spray 
device earrying a spray charging electrode connected with 
a high potential source. It is frequently desirable to 
locate the electrostatic spraying apparatus over the Four 
drinier wire to achieve uniform distribution of materials 
across the sheet. 
The ambient atmosphere adjacent a paper making 

machine is heavily laden with water vapor from the 
evaporation of water from the head box, the water-laden 
paper pulp, the water draining from the pulp, and the 
water vapor produced by the drying section of the paper 
making machine. The water vapor in the ambient atmos 
phere condenses on any cool surface, and the condensa 
tion will coalesce into droplets which rain from Such a 
surface. Where electrostatic spray apparatus is located 
above the surface of the pulp web on a Fourdrinier wire, 
water condensed on the surfaces of the electrostatic spray 
ing apparatus will drip on the pulp web, thus disrupting 
the web or producing craters in the sheet. In addition, 
the electrostatic spraying apparatus is generally mounted 
on a grounded support member. The electrostatic spray 
ing apparatus includes insulating members which carry 
the spray charging electrode. The surfaces of these 
insulating members are electrically highly stressed by 
the high voltage applied to the spray charging electrode. 
Water formed on such surfaces provides a conductive 
path along the insulating surface so that excessive cur 
rents can flow between the spray charging electrode and 
the grounded support member of the spraying apparatus. 
Such a condition may ultimately damage the surface so 
that a permanent conductive path is formed. In addition, 
where the spraying apparatus includes a resistor having 
a high value of resistance in series with the spray charg 
ing electrode, the flow of current through the conductive 
path formed by collected moisture on the insulating Sur 
face may reduce the potential of the spray charging elec 
trode to such a point that charging of spray particles 
will be impaired. 

In accordance with my invention the electrostatic 
spraying apparatus is surrounded with a gas and the gas 
is diffused outwardly from the spray apparatus and into 
the ambient atmosphere to prevent the formation of water 
by condensation upon the electrostatic spraying apparatus. 
In apparatus to practice my invention a porous noncon 
ductive housing encloses the electrostatic spraying ap 
paratus and has an opening for the forward portion of 
the spray device and the spray charging electrode. The 
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housing is supplied with a gas under pressure and the in 
terior of the housing is pressurized above the pressure of 
the ambient atmosphere. The gas escapes through the 
porous walls of the housing and through the opening sur 
rounding the forward portion of the spray device and 
Spray charging electrode, preventing the collection of 
condensed moisture on the housing and the exposed por 
tions of the spraying apparatus. 
The accompanying drawings are helpful in describing 

my invention and a typical embodiment of apparatus by 
which it is accomplished. 

FIG. 1 is a perspective view illustrating the embodi 
ment of my invention in a paper making machine includ 
ing four electrostatic spraying devices. 

FIG. 2 is a cross-sectional view of a portion of the 
paper making machine through the axis of one of the elec 
Erie spraying devices, showing the apparatus in greater 
detail. 

Referring to FIG. 1 the numeral 10 numerically iden 
tifies the Fourdrinier machine comprising a head box 11, 
sluice 12, and a breast roll 13, table rolls 14 and couch 
15 around which the wire 16 travels. The conventional 
dandy roll may be present if desired, but this roll is not 
shown. The conventional suction boxes are identified by 
numerals 17. The paper pulp P originally deposited from 
the head box onto the wire in the vicinity of the breast 
roll is mostly water and the water content is reduced 
progressively by drainage and then by suction to a level 
of roughly 80% in the vicinity of the couch roll. After 
the paper leaves the Fourdrinier machine it is passed 
through a dryer section where the press rolls 18 and 
heated rolls D further remove water from the paper web 
transported by felts 19, 20, and 21. The heated rolls D 
reduce the sheet moisture to the level desired in the 
finished product. 

FIG. 1 also shows an electrostatic spraying apparatus 
22 depositing a dry powdered sizing material upon the 
surface of the pulp web P. This apparatus comprises a 
plurality of electrostatic powder spray devices 23 which 
are spaced to uniformly distribute the powder on the web. 
Since the spray devices 23 are similar, the detailed de 
scription of operation will be limited to one device. The 
powdered coating material is entrained in air means of a 
special pump and delivered to a spray device 23 through 
a hose 24, and is discharged at the forward end of the 
device from a rotating distributor assembly. A high volt 
age D.C. power supply 25 is connected through cable 26 
and a series resistor in each spray device with a conduc 
tive spray charging electrode portion of the rotating dis 
tributor assembly of that device, establishing an electro 
static field between the spray charging electrode and the 
pulp web being coated. The voltage applied is preferably 
negative. The powder particles acquire an electrical 
charge, are discharged into the electrostatic field and at 
tracted to and deposited on the surface of the web. 
The source of powder particles includes a fluidizing 

bed 27 in which a quantity of the powder is maintained 
in a fluid state by the passage of air therethrough. A 
control assembly includes pressure regulator 28 which 
controls the flow of air from a source (not shown) 
through a pipe and a valve 29 to the fluidizing bed. An 
injector pump (not shown) for each spray device 23 posi 
tioned in the fluidizing bed has associated with it a pres 
sure regulating valve 31 and pressure indicator 32. The 
outlet of the pump is connected through hose 24 with the 
spray device. The pressure of the air to the injector pump 
controlled by valve 31, varies the rate of flow of the pow 
der particles. The air pressure, as indicated on gauge 32, 
provides a reference which can be used to conveniently 
and readily duplicate desired powder flow rates. Individual 
control of the spray devices is desirable in obtaining a 
uniform distribution of sizing on the web. The portion 
of electrostatic spraying apparatus 22 over the web P 
is surrounded by a housing of porous polyethylene of the 
type formed by a sintering process and sold under the 
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4 
registered trade name Vyon. The porous housing is pres 
Surized with a gas, such as air, which diffuses outwardly 
through the porous housing and away from the electro 
static spray devices and their supports, thereby preventing 
the collection of condensed water on the surfaces of the 
electrostatic spraying apparatus. 
The construction of the spray apparatus 22 and, more 

particularly, of each spray device 23 is shown in FIG. 2. 
Distributor assembly 33 is rotated by an air motor 34 
to effect a distribution of the powder particles. Motor 34 
is connected through a hose, a pressure regulating valve, 
and an on-off valve with a source of compressed air (all 
of which are not shown). Variation of the air pressure 
to motor 34 changes the speed of rotation of distributor 
assembly 33. To assure a suitable distribution of the pow 
der particles, the speed of rotation should preferably be 
of the order of 400 revolutions per minute or more. A 
barrel 35 of insulating material extends forwardly from 
a conductive rear body portion 36. A tubular shaft 37 
of insulating material is rotatably carried inside the bar 
rel by a bearing in the rear body portion 36 and bearing 
surface at the forward end of barrel 35. A gear on shaft 
37 is meshed with a gear driven by air motor 34 to rotate 
shaft 37. Spray charging electrode 38 comprises a re 
sistive coating of the type disclosed in U.S. Pat. 3,021,077 
upon the rear face of the distributor 33. The nonconduc 
tive barrel portion 35 and tubular shaft 37 provide an 
insulating support for the spray charging electrode 38 
spaced from the conductive rear body portion 36. With 
this arrangement the conductive rear portion of the spray 
device 23 may be grounded while maintaining the spray 
charging electrode 38 at a high potential with respect to 
ground. The nonconductive barrel portion of the body 
also carries a resistor 39 having a high resistance of 
Several hundred megohms. High voltage cable 26 enters 
the rear of the spray device 23 and is connected with the 
rear of resistor 39 within the insulating barrel 35. A 
brush member 40 is carried at the forward end of barrel 
35 and provides the electrical connection between the 
front of the resistor and the spray charging electrode. 

Hose 24 carrying the air entrained powder is con 
nected with a passageway 41 in the rear body portion 
36 of the spray device. Passageway 41 is sealed with the 
tubular shaft 37 by a rotary surface seal, and the air 
entrained powder flows through the spray device to the 
distributor assembly 33 which is mounted at the forward 
end of rotating tubular shaft 37. The distributor assembly 
33 has a hub portion which telescopes over the end of 
tubular shaft 37. A passage through the distributor assem 
bly is closed by cap 42 and thus terminates in a lateral 
outlet aperture 43 through which the powder particles 
flow in a direction generally at right angles to the axis 
of the distributor assembly. Cap 42 and distributor 33 are 
preferably of nonconductive material with the rear face 
of distributor 33 being provided with a conductive coating 
having a high resistivity to provide the spray charging 
electrode 38. 
The distributor bell 33 has a face or forward surface 

which is pitched forward slightly from a plane at right 
angles to the axis of the distributor. The outlet aperture 
43 is immediately adjacent the front concave face of the 
distributor near the rotational center thereof, so that the 
flow of coating material particles is outward along the 
forward surface. Rotation of the bell as the particles are 
discharged tends to effect a uniform distribution of the 
particles on the sheet. The forward surface of the cap 
42 is preferably spaced slightly behind the forward edge 
of the distributor 33. The electrostatic field for charging 
and depositing the powder particles preferably extends 
from the edge of the distributor. The charge on the 
powder particles is greatest when the electrostatic field 
gradient at the edge of the distributor is greatest. 

Spray devices 23is supported from a bar 44 by cap 
screws 45 threaded into the conductive rear body portion 
36. Bar 44 passes horizontally above the Fourdrinier wire 
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to provide support for other spray devices. Bar 44 may 
be supported by any suitable structure. 
Spray devices 23 is supported from a bar 44 by cap 

housing 46. The sides 47 and top 48 of the porous housing 
are fabricated by filter grade Vyon having a thickness 
of 346 of an inch. The bottom 49 of the porous housing 
is /8 inch thick grade Vyon to obtain preferential airflow 
around the distributor 38. The Vyon material can be heat 
formed into the required shapes to provide an enclosure 
and welded at the seams to prevent air flow through the 
seams. The opening between the rotating distributor 33 
and the housing 46 is kept small, for example an annular 
opening with a width of approximately A6 of an inch 
has been found satisfactory. About 500 cubic feet per 
minute of gas at a pressure of 2 inches of water will 
supply the entire apparatus, including four housings 46 
and housings for the support bar. The interior of housing 
46 is at a sufficient pressure above the pressure of the 
ambient atmosphere that the gas diffuses through the 
porous surfaces of housing 46 outwardly away from the 
electrostatic spraying devices 23 and the supporting struc 
ture 44. 
The porosity of the sides and top of such a housing 

is such that air will flow at 13 cubic feet per minute 
through each square foot of the housing surface if a 
differential pressure of 2 inches of water is maintained 
across the surface and the surface is 346 of an inch thick. 
Correspondingly, air will flow at 24 cubic feet per minute 
through each square foot of such a surface if the interior 
of the housing is maintained at a pressure of 4 inches 
of water. The porosity of the bottom of the housing is 
such that 30 cubic feet of air will flow through each square 
foot of surface if a differential pressure of 2 inches of 
water is maintained across the surface and the surface 
is /8 of an inch thick. Although the specific porosity 
indicated above has been found to be effective in prevent 
ing the collection of condensed water vapor on the hous 
ing surface, other porosities may be effective so long as 
the ambient atmosphere laden with water vapor is pre 
vented from reaching the exposed surfaces of the electro 
static spraying apparatus and its supporting structure 
over the Fourdrinier wire. More porous surfaces will 
permit larger air flow rates and will, of course, increase 
the cost of operation of the apparatus. 

Heated air may also be used, and it has been found that 
air at temperatures on the order of 140 F. are also 
effective. The use of heated air is particularly effective 
when a portion of the outer surface of the housing for 
the electrostatic spraying apparatus cannot be of porous 
material. The flow of hot gas through the porous section 
of the housing ensures a continuous supply of hot gas 
to the interior of the housing and that the non-porous 
surface portion of the housing will be maintained at such 
a temperature that the water vapor will not condense 
upon it. Hot air for the dryer section of the paper making 
machine may be conveniently used to supply the housing. 

EXAMPLE 

A paper making machine of conventional construction 
(similar to the one illustrated in FIG. 1) is modified to 
include a starch deposition zone utilizing equipment as 
indicated in FIG. 1 to electrostatically charge a finely di 
vided starch powder. Four electrostatic powder guns are 
used with the guns spaced about 7 inches above a 54 inch 
web and with the gun oriented downwardly normal to the 
web. Bell-like distributors of the type shown in FIG. 2 
on each powder gun are rotated at approximately 700 
r.p.m. The powder guns are spaced 14 inches apart and 
are staggered so that the starch is deposited uniformly 
across the web. A porous housing encloses the powder 
guns and their supporting structure so that the electro 
static spray apparatus can be surrounded with air which 
is diffused outwardly away from the spray apparatus. Air 
at a pressure of about 2 inches of water is continuously 
supplied to the porous housing. The furnish used approxi 
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6 
mated a conventional newsprint (65% groundwood 
35% sulphite) and the final sheet weighed 37/2 lbs. (Jet 
O English) per ream (25' x 38'-500 sheets) (3300 
sq. ft.). 
The paper making machine is operated at a speed of 

1370 feet per minute and an uncooked powdered corn 
starch which has been hydroxy ethylated to lower its ini 
tial gelatinization temperature to a temperature in the 
range of from 140-145 F. is applied to the felt side of 
the paper utilizing an electrical charge of 65-75 kilovolts 
on the heads, said charge being applied by a negative 
power pack. The starch particles are entrained in air and 
are delivered to each powder gun at a rate of 6 pounds 
per hour. The starch spray application equipment is lo 
cated so that the starch is deposited upon the upper sur 
face of the sheet while it is on the Fourdrinier wire and 
nearly over the couch roll, the sheet moisture in this 
region being about 85%. Following the starch spray appli 
cation, the sheet is continuously dried using dryer rolls 
heated with steam and the dried sheet is calendered. The 
rate of starch deposition is such that the amount of starch 
deposited is equivalent to /2% of the weight of the paper 
fiber, about .06 lb. per 1000 sq. ft. of surface. The finished 
sheets possess greatly improved pick resistance on the felt 
side despite little loss of absorbency, and show no im 
perfection due to the impact of water droplets. 

Essentially the same results are obtained utilizing the 
commercial hydroxyethylated cornstarch sold by Penrick 
and Ford, Limited, under the trade identification Penford 
Gun 300. 
The invention is not to be construed by any abstract of 

disclosure, but its features are instead characterized in 
the preceding description and it is defined in the claims 
which follow. 

I claim: 
1. In a paper making apparatus including: 
a source of paper pulp, 
a Fourdrinier wire, 
means for distributing paper pulp on the Fourdriner 

wire in the form of a web for the removal of water 
from the pulp, 

an electrostatic spraying apparatus spaced from the 
Fourdrinier wire, said apparatus having a spray de 
vice, means connecting the spray device to a source 
of material to be sprayed, a spray charging electrode 
adjacent the spray device, means connecting said 
spray charging electrode to a high voltage source to 
establish an electrostatic field from the electrode for 
charging and deposition of the sprayed material, 

a drier to dry the web, 
the improvement which comprises: 

a porous nonconductive housing enclosing within its 
interior the electrostatic spraying apparatus and in 
cluding an opening through which the spray device 
and spray charging electrode project, 

means for supplying the housing with gas under pres 
sure, the interior of the housing being above the pres 
sure of the ambient atmosphere whereby the gas es 
capes through the porous housing and the opening 
preventing the collection of condensed moisture on 
the housing, the spray device, and the spray charg 
ing electrode. 

2. The apparatus as set forth in claim 1 wherein the 
housing has a Surface adjacent the projecting spray de 
vice and spray charging electrode with greater porosity 
than the remainder of the housing. 

3. The apparatus as set forth in claim 1 in which a por 
tion of the surface of the housing is a sintered polyehylene. 

4. In a method of making paper including the steps of: 
uniformly distributing a paper pulp as a web on a 

foraminous wire net, 
transporting the web horizontally while removing water 

therefrom and through a coating zone, 
forming a spray of charged material over the web, 
directing the charged spray into the coating zone while 
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maintaining the foraminous wire net at a spray at- step of heating the gas prior to surrounding the spray 
tracting potential to deposit the material on the web, forming means. 
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