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This invention relates to a coating apparatus and a 
coating method for coating of a continuous ?exible Web at 
high speeds. More particularly this invention relates to 
an apparatus and a coating method employing a bar 
means and an air knife for removal of excess of coating 
material on a moving web at high speeds to obtain a uni 
form, smooth, and high gloss coating surface. 

In the past rods, scraper blades, and rolls have been 
used in coating operations as mechanical doctor devices 
to remove excess coating materials from a moving coat 
ed web. However, the ?nished coating surface pro 
duced by employing such doctor devices lacks uni 
formity in coating thickness. The use of air knife doc 
tors to remove the excess coating and to smooth the re 
mainder of the coating materials is well-known. While 
the method of smoothing a coating with air knife doctors 
is superior to that with the above mentioned mechani 
cal doctor devices, many problems have become evident 
as high viscosities and fast coating speeds have been at 
tempted. Air knife doctors are, for practical purposes, 
limited in coating speed because of turbulence in the 
stream of air leaving the air knife lips. This turbulence 
causes uneven coatings and may produce a fog with thin 
coating materials which then drifts to the completed 
coated web giving it an unsightly and grainy appearance. 
In addition, higher speeds require higher air pressures 
which in turn result in foam produced in the blow-01f 
of many coating materials. Foam is a serious problem 
particularly where large amounts of coating material 
are continuously circulated from the blow-off to a 
coating container from which the coating material is ap 
plied onto a moving Web. 

Air turbulence problems have been attacked in many 
ways by attaching ba?les or streamlined surface on or 
near the air knife lips to control the ?ow of air. Other 
air knife systems have been provided with a means to 
evacuate air from the area of the lips to avoid‘ fogging 
of the ?nished coating. Even though these modi?ca 
tions have been improvements in the art, the basic prob 
lem of air turbulence has become increasingly evident 
with increased coating speeds. 

In the case of air knife doctors, all excess coating ma 
terial is removed by the impinging air stream. Viscous 
materials, however, present a problem for two reasons: 
First, higher air pressures are needed to doctor viscous 
coating materials resulting in increased turbulence in the 
doctored excess material which leads to uneven coatings. 
This problem is usually resolved by applying the coat 
ing materials at lower speeds. Secondly, higher air 
pressures required to doctor viscous coating materials 
may cause air bubbles to be entrained in the ?nished 
coating. 

Accordingly, an object of this invention is to provide 
an apparatus and a method for coating web materials 
with a liquid coating material at high speeds. 

Another object is to provide a method and an appa 
ratus which employs, in combination, one or more bar 
means and one or more air knife doctors for uniformly 
applying a liquid coating material, at low or high vis 
cosities, to a Web moving at low or high speeds and ob 
taining a uniform, smooth, and high gloss coating sur 
face. 
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Other objects and advantages of this invention will be 

apparent from the following description, the accompany 
ing drawing, and the appended claims. 
The present invention comprises an apparatus and a 

method for applying a uniform, smooth, and high gloss 
coating of a desired wet thickness onto a moving web 
including means for applying onto the web a layer of 
coating material; a bar means, such as a rod, for re 
moving from the web a desired amount of excess coat 
ing material; and means for directing at the surface of 
the coating a stream of a gas, such as air, compatible 
with the composition of the coating, thereby removing 
any remaining excess coating material and obtaining a 
uniform, smooth, and high gloss coating surface. 
A preferred embodiment of this invention will now 

be speci?cally described with reference to the accom~ 
panying drawing wherein: 

FIG. 1 is a front sectional view of the preferred em 
bodiment of the invention. 
FIG. 2 is a side View of a bar means assembly. 
FIG. 3 is a view showing portions of a wire-Wound 

rod, such as may be used in a modi?cation of the inven 
tion. 

Referring now to FIGS. 1 and 2 a web 1, such as a 
paper web, which may move at a wide range of speeds, 
such as 1000 feet per minute or higher, travels around a 
positioning roll 3 which causes the web to contact the 
coating applicator roll 5. Coating material 7 of a de 
sired composition and viscosity is brought and applied to 
web 1 by coating applicator roll 5 to produce a coated 
web. Coating applicator roll 5 may be rotating in either 
direction with or against the direction of web travel, and 
at a speed equal to, greater, or slower than the speed of 
the web. it is preferable, however, to adjust positioning 
roll 3 so that the area of contact between the web under 
tension and the roll is more than just the tangent line at 
the point where web 1 and applicator roll 5 meet. Appli 
cator roll 5 is positioned so that a portion thereof is im 
mersed in coating material ‘7 in a coating container, such 
as coating pan 15. The amount of coating material 7 
applied onto web 1 is adjusted by the speed of the appli 
cator roll and the web. The method of application of 
the coating material onto the web is not critical. Any 
known method for achieving the abovementioned pur 
pose is satisfactory. 
Once coating material 7 is applied onto moving web 

1 by applicator roll 5 the coated web moves toward a 
bar means, such as rod 9, whereby any desired amount 
of the excess coating material may be removed from the 
coated web. The bar means may be a tear drop, a knife 
design, a taut wire or preferably a rod which may, if 
desired, have a smooth, indented, or wire-wound sur 
face. FIG. 3 shows portions of a rod of the latter type, 
having wire 12 wound around the outer surface of bar 10. 
Rod 9 is adjustably positioned on its support 13 so that 
it contacts the surface of the coated web and removes 
any desired portion of the excess coating material. Any 
distance between rod 9 and the surface of the uncoated 
web is governed by the desired wet thickness of the coat 
ing or the amount of coating material to be removed. 
However, it is preferable that rod 9 be adjusted so that 
it creates a tension against the web. The amount of the 
tension depends on the coating speed, geometry of the 
system, and the desired coating thickness. Rod 9 may 
be positioned anywhere between a point where the coat 
ing material is applied onto said web and a point P on 
the coated web where P is, in relation to the direction of 
web travel, before the ?rst point of contact of a back 
ing means, such as backing roll 17, with the coated web. 
However, it is preferable to position rod 9 in such man 
ner and such distance from applicator roll 5 that the 
removed excess coating material is caused to flow into 
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coating pan 15 where it may again be applied onto web 
1. The diameter of rod 9 may vary depending upon vis 
cosity of coating material '7, the speed of coating, and 
the coating weight. 

If a rod is employed for bar means 9 it may, if desired, 
be a rod which rotates in its channel support 11. Chan 
nel support 11 may have indentations therein for the pur 
pose of cleaning out the rod from coating materials 
which may accumulate among the grooves of the indented 
or wire-wound rod. The rod may rotate around its axis 
in either direction at a speed faster or slower than the 
speed of the web. Drive motor 23 and reducing gear 25 
may adjust the speed of the rod in a wide range, such as 
between 1 to 1400 feet per minute or higher. 

After a desired amount of the excess coating material 
has been removed by rod 9 the coated web is moved on 
toward a coated web backing means, such as backing roll 
17, where a stream of a gas, such as air, compatible with 
the coating composition is directed from a device, such 
as an air knife doctor 19, at the surface of the coating at 
an impingement line transverse to the direction of Web 
travel. It is preferable to situate the air knife so that 
the air impingement line is formed on that portion of the 
coated web which is in contact with the backing roll 17. 
Air knife doctor 19 is positioned at a certain distance from 
rod 9 so that the two devices act independently and suc 
cessively to control coating weight and thickness. Since 
one of the main objects of this invention is to apply a 
coating material onto a moving web at high speeds and to 
prevent entrainment of streaks and coating material bub 
bles in the ?nished coating, it is essential to avoid a con 
tact of the main force of the air stream with the excess 
coating material being removed by rod 9. To achieve 
this purpose, air knife doctor 19 must be so situated that 
the air impingement line caused by the air knife is a suf 
?cient distance away from and beyond rod 9 in the direc 
tion of web travel. The term “main force” of the air 
or gas stream denotes that force of the gas which upon 
contact with the excess coating material causes sufficient 
turbulence and air bubbles which may be entrained in the 
?nished coating resulting in an uneven coating surface. 
The main force of the gas varies depending upon the gas 
pressure required to doctor the coated web. Accordingly, 
the distance between rod 9 and the air knife 19 may vary. 
However, air knife 19 must be positioned a sut?cient 
distance apart from rod 9 so that the air stream from the 
air knife does not co-act with rod 9 at the place where 
the excess coating material is being removed by rod 9. 
In this manner the unevenness of the ?nished coating sur 
face, which may be the result of'close proximity of air 
impingement line to rod 9, is avoided. FIG. 1 illustrates 
a preferred positioning of air knife 19 and its distance 
from rod 9. The air pressure from air knife doctor 19 
is adjusted so that it removes any remaining excess coat 
ing material from the web whereon a desired uniform 
wet coating thickness and a smooth high gloss coating 
surface are produced. The ?nished coated surface is 
characterized by a more uniform coating thickness and a 
smoother and higher gloss coating surface than that pro 
duced by either rod 9 or air knife alone. The ?nished 
coated surface is then moved on toward a dryer to be 
dried by any coventional means. The excess coating 
material removed by air knife doctor 19 falls into a blow 
otf container, such as pan 21, which may, if desired, con 
tinuously empty its content into coating pan 15. 
One of the advantages of the present invention resides 

in the position of rod 9. Rod 9 may be easily adjusted 
for any coating thickness and readily positioned anywhere 
between the point where the coating material is applied 
onto the web and the point P. The farther the rod is 
from the air impingement line and the closer it is to the 
point of application of coating material onto the web the 
better coating is obtained. The rod is preferably posi~ 
tioned so that the excess coating material removed by the 
rod ?ows into the coating applicator pan 15. Any por 
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4 
tion or all of the excess coating material may be removed 
by rod 9. In most instances, it is advantageous to remove 
all or a major portion of the excess coating material with 
rod 9 and to use the air knife doctor 19 for a ?nal coating 
weight adjustment and for obtaining a more uniform coat 
ing thickness and a smoother and higher gloss coating 
surface. Removal of a small amount of coating material 
by the air stream results in lower air pressures, less foam, 
fewer bubbles in the coated surface, and attainment of 
high coating speeds. If all of the excess coating material 
is removed by rod 9, the air knife 19 can be used to brush 
or smooth the coating to obtain greater smoothness and 
higher gloss. For example, in the case of a highly viscous 
coating material, removal of all or nearly all of the excess 
coating material reduces the doctoring load of the air 
knife 19 allowing higher speeds without danger of en 
training air bubbles in the coating surface. Thus, in 
creased ?exibility in control of the speed of the web, coat 
ing weight, and smoothness and gloss of the coating sur 
face are achieved by the apparatus and method of this 
invention. 
The following examples will illustrate but in no way 

limit the scope of the present invention: 

Example 1 
A vinylidene-acrylic latex coating having a 60.2% 

solids content and a viscosity of 25 centipoises is prepared 
in a conventional manner. The coating apparatus em 
ployed is of the type shown in FIG. 1. A rotating rod 
having a diameter of 0.375 inch is used. The rod is 
placed adjacent to the coating applicator roll. The rota 
tion of the rod is in the same direction as the web travel. 
The coating material is introduced into the coating pan as 
described above and applied to a moving web of paper at 
800 feet per minute with an air knife pressure of 0.6 
pound per square inch. 70% of excess coating material 
is removed by the rod. The remaining 30% excess coat 
ing material is removed by the stream of air from the air 
knife. The amount of foam in the air knife blow-off pan 
is small and a uniform, smooth and high gloss coating on 
the paper web is obtained. 

Example 2 

A vinylidene-acrylic latex coating having a 45% solids 
content and a viscosity of 25 centipoises is prepared in a 
conventional manner. The coating apparatus employed is 
of the type shown in FIG. 1. A rotating wire-wound 
rod having a rod diameter of 0.375 inch and a wire diam 
eter of 0.014 inch is used. The rod is placed adjacent to 
the coating applicator roll. The rotation of the wire 
wound rod is in the opposite direction to the web travel. 
The coating material is introduced into the coating pan 
as described above and applied to a moving web of paper 
at 800 feet per minute with an air knife pressure of 1.0 
pound per square inch. 95% of excess coating material 
is removed by the rod. The remaining 5% excess coat 
ing material is removed by the stream of air from the 
.air knife. The amount of foam in the air knife blow-off 
pan is nil and a uniform, smooth and high gloss coating 
on the paper web is obtained. 

Example 3 

A vinylidene-acrylic latex coating having a 55% solids 
content and a viscosity of 1000 centipoises is prepared in 
a conventional manner. The coating apparatus employed 
is of the type shown in FIG. 1}. A rotating rod having a 
diameter of 1 inch is used. The rod is placed adjacent 
to the coating applicator roll. The rotation of the rod 
is in the opposite direction to the web travel. The coating 
material is introduced into the coating pan and applied to 
_a moving web of paper at 800 feet per minute with an air 
knife pressure of 1.0 pound per square inch. 80% of 
excess coating material is removed by the rod. The re 
maining 20% excess coating material is removed by the 
streamof air from the air knife. The amount of foam 
in the air knife blow-off pan is very small and a uniform 
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smooth and high gloss coating on the paper web is ob 
tained. 
The apparatus and method of the present invention in 

crease the capabilities of the ordinary air knife by giving 
higher gloss and smoother coatings at high speeds of the 
web. Coating quality depends primarily on its smooth~ 
ness for enhanced appearance and, in the case of protec 
tive coatings, smoothness or uniformity provides the nec 
essary coating ?im continuity. By the practice of the pres 
ent invention, turbulence in a coating material and doc 
toring air are greatly reduced or eliminated which in 
turn reduces foam, allows higher coating speeds and 
higher coating material viscosities. In addition, the prac 
tice of this invention provides for a wide ?exibility and 
control over coating variables such as coating viscosity, 
speed, air pressure, and coating thickness while main 
taining a uniform coating. 

Further advantages of the apparatus of the invention 
are its utility and simple construction. Any ?exible mov 
ing web may be coated by the apparatus and method of 
this invention and many coating materials may be used, 
such as pigmented coatings, latex-based coatings and sol 
vent-type coatings. This invention is not limited to coat 
ing a web on one side only. Multiple coatings can be 
laid on one or both surfaces of one web employing two 
or more bar means and air knives. The apparatus and 
method of the present invention may also be employed to 
impregnate or saturate a web with a desired material. 
Having thus described the invention in preferred em 

bodiments, we claim: 
1. A method of applying a smooth and high gloss coat 

ing of a desired Wet thickness of a coating material onto 
a moving web, which method comprises 

(a) applying said coating material onto at least one 
surface of said web to produce a coated web, 

(b) positioning a bar means between a point where said 
coating material is applied onto said web and a 
point P on said coated web where P is before the 
?rst point of contact of a backing means with the 
coated web, 

(c) removing a desired amount of excess coating ma 
terial by said bar means to obtain a desired coating 
thickness on said web, 

(d) after so removing excess coating with said bar 
means, moving said web to one side of the bar means 
and thence upwardly in an arcuate course with said 
surface having the coating material thereon forming 
the outer convex side of the web where it moves in 
such course, and 

(e) directing a stream of gas downwardly at said sur 
face of said coated Web, at an impingement line 
transverse to the direction of web travel, and on the 
outer convex side of the web where it moves in said 
arcuate course, to obtain a uniform, smooth, and 
high gloss coating surface; said impingement line be 
ing a su?icient distance away from and beyond said 
bar means so that the main force of said stream of 
gas does not come in contact with said excess coating 
material being removed by said bar means. 

2. The method of claim 1 wherein said gas is air. 
3. A method of applying a smooth and high-gloss coat 

ing of coating material onto a moving elongated web com 
prising 

applying the coating material onto at least one surface 
of the web to produce a coated surface, 

after the coating material has been applied, and with 
the surface of the web opposite its coated surface out 
of contact with any backing means for the web, treat 
ing the web by moving the coated surface against a 
physical agency that contacts the coated surface and 
functions by such contact to distribute the coating 
material on the web, 

after so treating the web, moving the web laterally of 
such agency, and thence upwardly in an arcuate 
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6 
course, with said coated surface forming the outer 
convex side of the web where it moves over such 
course, 

backing the web by supporting the concave side of the 
web where it moves over said arcuate course, and 

directing a stream of gas downwardly on said coated 
surface of the web, at an impingement line transverse 
to the direction of web travel, and in a region where 
the web is backed and the coated surface forms the 
convex side of the web while moving over said 
arcuate course, to obtain a uniform, smooth and 
high~gloss coating; said impingement line being a 
su?icient distance away from and beyond said agency 
so that the main force of the gas stream does not 
come in contact with any coating being distributed 
by said agency. 

4. Apparatus for applying a smooth and high-gloss 
coating onto a moving web comprising 

applicator means for applying coating material onto one 
surface of the web to produce a web coated over said 
one surface, 

a backing roll spaced from the applicator means, op 
erable to guide the web as it advances from the ap 
plicator means by supporting the surface of the web 
opposite the web’s one surface, whereby the coated 
surface faces away from the backing roll on travel 
ing over the backing roll, 

said web advancing over the backing roll by progress 
ing upwardly in an arcuate path over the outside of 
the roll, and said backing roll supporting the web 
with the web free of means contacting its said op 
posite surface in a reach extending between said ap 
plicator means and backing roll, 

bar means for contacting the coated surface of the web 
in a region along said reach, operable to remove ex 
cess coating material, and 

an air knife doctor for directing a stream of gas down 
wardly and against the coated surface of the web 
where the web is supported by and passes upwardly 
over said backing roll, 

said doctor being constructed and arranged to produce 
an impingement line transverse to the direction of 
web travel, with said impingement line located a suf 
?cient distance away from and beyond the bar means 
so that the main force of the stream of gas coming 
from the doctor does not come in contact with any 
excess coating material removed by said bar means. 

5. The apparatus of claim 4 wherein said bar means is 
a rod. 

6. The apparatus of claim 4 wherein said bar means is 
a rotating rod. 

'7. The apparatus of claim 4 wherein said bar means is 
a rod rotating in a channel support which supports the 
rod. 

8. The apparatus of claim 4 wherein said bar means is 
a Wire-wound rod. 

9. The apparatus of claim 4 wherein said bar means is 
a rotating wire-wound rod. 
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