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(57) ABSTRACT 
An apparatus and method are described for coating a 
glass container with a substantially uniform thickness 
of a viscous curable plastic coating material. The arti 
cle being coated is first dipped into a bath of the plas 
tic coating material while gripped at the finish or clo 
sure portion, and is drawn upwardly through an air 
knife apparatus in accordance with the invention, 
which provides a shaped air flow that removes the ex 
cess coating material from the surface of the article, 
and leaves a coating of uniform thickness thereon. 
The coating is then cured to a hardened state. 

18 Claims, 9 Drawing Figures 
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METHOD AND APPARATUS FOR APPLYING 
PLASTISOL COATING OF UNIFORM THICKNESS 

TO GLASS CONTAINERS 

BACKGROUND OF THE INVENTION 

This invention relates to the field of coating articles 
and more particularly to applying a uniform coating of 
a viscous plastic material such as a plastisol on glass 
containers. 

It is known in the art to apply a plastic coating to 
glass containers in order to reduce the danger of abra 
sion of the glass and the chance of shattering and frag 
mentation. The plastic may be applied as a plastisol, 
that is, colloidal dispersion of a synthetic resin in a plas 
ticizer, with or without solvent, in the form of a viscous 
liquid. The article is dipped into a bath of the plastisol 
and the excess is allowed to drain. The plastisol is then 
hardened or cured, usually by heating. 
When tall objects, such as beverage bottles, are 

dipped into a plastisol bath, the liquid drains down 
wardly on the bottom from the top toward the heel or 
base. That amount which is grossly excessive will drain 
off, but the layer that remains on the bottle tends to be 
thicker near the heel than at the top. As a result, the 
final cured coating will display a thickness at the lower 
part of the sidewall which is substantially thicker than 
at the top, and it may even be several times thicker than 
the top. This results in higher material costs, without 
commersurate improvement in protection for the glass 
article. Such nonuniform thicknesses do not cure uni 
formly, and a cure cycle which is appropriate for a me 
dian thickness may over- or under-cure coatings which 
are too thin or too thick. 
Moreover, gravity drain of excess plastisol after the 

bottle has been dipped into it requires an undesirably 
long time. A period of 90 minutes or more after dipping 
may be required before coating drains by gravity to a 
desired nominal or mean thickness of say 3 mils. This 
slows rate of production, or (if the excess if not allowed 
drain before curing) results in a coating which is unnec 
essarily heavy, improperly cured, and which increases 
coating material costs. 
Coating uniformity can be improved by inverting the 

article after dipping, so that an excess accumulation of 
coating near the heel will flow toward the finish. How 
ever, such inversion is mechanically difficult at useful 
line speeds, and is very sensitive to timing, temperature 
and viscosity. 
One prior art approach for eliminating the excess ma 

terial which accumulates on the lowermost surfaces of 
a previously dipped article has been to contact these 
lower surfaces with an absorbent roller wetted with a 
liquid solvent. This approach does remove excessive 
material, however, it does not assure that the remaining 
coating is uniform in thickness. 

OBJECTIVES OF THE INVENTION 
In view of the foregoing difficulties experienced in 

prior art approaches for coating glass bottles with a 
plastic coating, it is a primary objective of this inven 
tion to provide a method and apparatus for coating 
glass containers such as narrow neck bottles and wide 
mouth jars with a substantially uniform coating of plas 
tisol material, and further wherein the time and han 
dling required is less than previously required by other 
methods and apparatus. 
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SUMMARY OF THE INVENTION 
In accordance with this invention, the glass container 

which is to be coated is dipped into a bath of liquid 
plastisol materialso that the area to be coated is wetted 
with the material. The liquid coated article is with 
drawn from the liquid bath. Some gravity draining of 
excess coating material occurs as the article is raised. 
The article is drawn upwardly through a fixture of a 
form to be described, out of which an air jet or "air 
knife" is directed radially inwardly towards the article 
passing therethrough, and at a downward angulation, 
so as to define a thin conical sheet of air, moving to 
ward an apex point. This jet of air is operative to re 
move the excess liquid plastisol material from the sur 
face of the container and substantially uniformly to dis 
tribute the remaining material over the container sur 
face. Once the container has been drawn through the 
air knife fixture, it may then be cured in conventional 
manner, for example in an oven at elevated tempera 
ture, so that the liquid plastisol material is converted to 
a solid plastic coating on the container. 
More particularly, the air knife fixture comprises a 

ring through which the liquid coated article is drawn 
while being gripped by a chuck or clamp at the finish 
or closure portion thereof. An annular plenum cham 
ber inside the ring communicates with an annular ori 
fice located on the inner surface of the ring. A pressur 
ized air supply communicates with the plenum cham 
ber so that air will flow uniformly from the annular ori 
fice towards the article passing through the ring. The 
annular orifice itself communicates with the plenum 
chamber in a manner so that the air passing through the 
orifice is angled downwardly to form a thin conical 
sheet of moving air directed toward an apex point dis 
posed downwardly of the orifice. The optimum down 
ward angulation of the thin conical sheet of air is less 
than 45 and greater than 0 to the horizontal. In one 
preferred embodiment, the downward angulation of 
the conical sheet of air is approximately 15. 
The foregoing and other objects, advantages and fea 

tures of this invention will become more clear from the 
following detailed description of the preferred embodi 

45 

50 

55 

60 

65 

ment therefor taken in connection with the drawings. 
DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation of a typical carbonated bev 
erage container made of glass. 
FIGS. 2a, 2b and 2c are a sequence of elevations 

showing schematically three steps in the coating of 
glass bottles of the types shown in FIG. 1 with a liquid 
plastisol material, in accordance with the invention. 
FIG. 3 is a plan view from below of the upper half of 

the air knife fixture of this invention. 
FIG. 3a is a vertical sectional view taken along sec 

tion line 3a-3a of FIG. 3. 
FIG. 4 is a plan view from above of the mating lower 

half of the air knife fixture of this invention. 
FIG. 4a is a vertical sectional view taken along line 

4a-4a of FIG, 4. 
FIG. 5 is a vertical sectional view of the assembled air 

knife fixture, showing the two halves thereof disposed 
in their interfitting positions. 

DETAILED DESCRIPTION 

Referring now to FIG, 1, a glass container in the form 
of a typical carbonated beverage bottle is shown with 
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a finish 10 at the top, which comprises the threaded or 
ribbed portion for engaging and holding a cap or other 
closure. Extending downwardly from the finish 10 is a 
relatively narrow neck portion 12 which flares out 
wardly with a gradually increasing circumference 
below the finish 10. The bottle has a so-called shoulder, 
generally at 14, which forms a transition region be 
tween the neck 12 and the side wall shown generally at 
16. At the lower end of the side wall 16 is a heel portion 
18 which presents a rounded corner surface between 
the side wall 16 and the bottom 20 of the bottle. The 
bottom 20 is "domed' or recessed at the center, as in 
dicated by the dotted line at 21. 
According to this invention, glass articles including 

(by way of illustration and not limitation) bottles of the 
type shown in FIG. 1, are coated with a plastisol by the 
process generally shown in FIGS. 2a, 2b and 2c. This 
plastisol coating is shown as a thin coating over the bot 
tle shown in FIG. 1. 

In FIG. 2a, a bottle 21 of the type generally shown in 
FIG. 1 is gripped at the finish 10 by a bottle gripping 
apparatus or chuck shown generally at 22. Chucks for 
this purpose are known in the art and do not comprise 
the invention. The chuck need only grip the bottle fin 
ish to thereby support the bottle or movement in the 
manner described below. 
The chuck 22 is mounted on the lowermost end of a 

chuck support member 24 which is movable generally 
in a vertical direction to permit the bottle 21 to be 
raised and lowered between the positions shown in 
FIG. 2a and FIG. 2b. 
Located directly below the bottle 21 is an air knife 

fixture 26 according to this invention. The air knife fix 
ture generally is in the shape of a ring with a central 
opening located directly beneath the bottle 21 thereby 
permitting the bottle to be lowered vertically by the 
movable chuck support member 24 through the air 
knife fixture 26 into the liquid plastic material con 
tained in the tank 28, as shown in FIG. 2b. The liquid 
plastic material 30 in the tank 28 preferably comprises 
a liquid plastisol material which will wet to the surface 
of the bottle 21. Numerous plastisols are available, 
however, one particularly useful type is known as No. 
2342 manufactured by the G & S Plastic Company. 
While this particular plastisol material has been used 
successfully, other plastisols which cure at elevated 
temperatures are also usable to form a uniform hard 
ened plastic coating for bottles according to the inven 
tion. 
As shown in FIG.2c, after the bottle 21 has been wet 

ted in the liquid 30 for a short period of time and pref. 
erably about 3 seconds the bottle 21 is raised upwardly 
by the chuck support member 24 through the air knife 
fixture 26. According to this invention, the air knife fix 
ture 26 is connected to a pressurized air supply 32 by 
air tubing 34. The flow of air through an annular orifice 
in the air knife fixture 26, as will become more clear 
later, forms a thin conical sheet of air directed down 
wardly and inwardly towards the bottle 21 as it is raised 
upwardly therethrough. This thin conically shaped 
sheet of air is operative to remove excess liquid plastic 
material from the surface of the bottle and leave a sub 
stantially uniformly thick residue of liquid material on 
the surface after the bottle has passed through the air 
knife fixture 26. The bottle is then moved into an oven 
to cure the plastic material. The actual curing process 
required depends entirely on the specific coating mate 

4 
rial used, however, in one preferred form of the inven 
tion, No. 2342 plastisol is used with a curing tempera 
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ture of approximately 460 to 500°F. and a curing time 
is approximately 6 to 6% minutes. . 
Referring to FIG. 5, the air knife fixture 26 in its pre 

ferred form is shown in section. As indicated generally 
above, the air knife fixture 26 is formed in the shape of 
a ring with a central circular opening, shown generally 
at 35, through which a bottle or other article being 
coated is drawn: The central opening 35 has a substan 
tially cylindrical shaped wall 36 in which an annular or 
ifice 37 is provided. This annular orifice 27, in its pre 
ferred form, comprises an opening in the wall 36 which 
is approximately 5 mils high. Additionally, as will be 
come more clear later, the annular orifice communi 
cates with a pressurized air supply and is shaped to 
form a thin conical sheet of moving air which is angled 
downwardly in a direction shown generally by the 
arrow 38. This downward angulation of the air flow is 
operative to remove excess plastisol material from the 
surface of a bottle drawn upwardly therethrough and 
also to uniformly distribute the residue remaining on 
the surface of the bottle. 
The air knife fixture of this invention is preferably 

formed in two halves. The upper half 40, in one pre 
ferred form, is shown in FIGS. 3 and 3a. The lower half 
42 is shown in FIGS. 4 and 4a. Both the upper and 
lower half 40 and 42 of the air knife fixture are prefera 
bly made of a metalic material such as aluminum or 
other material easily machined to close tolerances and 
are shaped, as described below, to interfit in the man 
ner shown in FIG. 5. 
The upper half 40 of the air knife fixture is generally 

ring shaped and includes a centrally located cylindri 
cally shaped passageway therethrough having a diame 
ter indicated at 44. In its preferred form, the diameter 
44 is approximately 1 inch larger than the maximum 
diameter of bottles which are moved upwardly through 
the air knife fixture. The upper half 40 includes an 
upper surface 46 which comprises a substantially pla 
nar surface with a plurality of uniformly distributed 
holes 48 passing perpendicularly therethrough. These 
holes 48, provide a passageway for threaded screws 50 
(as shown in FIG. 5), which secure the upper half 40 
to the lower half 42 of the air knife fixture. Two 
threaded holes 52 also pass perpendicularly through 
the upper half 40. These threaded holes 52 are aligned, 
as will be described later, with their axia arranged per 
pendicularly to the upper surface 46 and are threaded 
to receive threaded air tubes through which pressurized 
air is admitted to the air knife fixture. 
The lower surface of the upper half 40, as best shown 

in FIG. 3a, is shaped to interfit with the lower half 42 
of the air knife fixture. Disposed nearest the circumfer 
ence of the upper half 40 is an annular shaped surface 
54 which when the upper half 40 is interfitted with the 
lower half 42, as shown in FIG. 5, rests on an annular 
shaped surface 56 of the lower half 42. The surface 56 
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includes a plurality of equally spaced threaded holes 58 
which are located in alignment with the holes 48 of the 
upper half 40 so as to permit bolts 50, as viewed in FIG. 
5, to pass through the upper half 40 and engage the 
threaded holes 58 in the lower half 42 thereby securing 
the two halves of the air knife fixutre together in their 
interfitting position. 
The lower surface of the upper half 40 (FIG. 3a) ad 

ditionally includes a downwardly projecting cylindrical 
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wall 60 which has a diameter just small enough to inter 
fit with the cylindrical wall 62 (FIG. 4a) located on the 
upper surface of the lower half 42. 

Referring again to FIG. 3a, extending inwardly of the 
lowermost portion of the cylindrical wall 60 is a flat an- 5 
nular surface shown generally as 64 through which the 
threaded holes 52 pass. As viewed in FIG. 4a, the half 
42 includes an annular support surface 66 disposed in 
wardly of the cylindrical wall 62 on which the outer 
most portions of the surface 64 of the upper. half 40 10 
rests when the two halves are in their interfitting posi 
tion. The flat surface 64 extends inwardly of the cylin 
drical wall 60 to a line shown generally at 68 from 
which a downwardly sloped inwardly projecting surface 
70 extends. This surface 70 is angled downwardly as in- 15 
dicated by the angle 72 and defines the upper wall for 
the annular orifice 37. As has already has been indi 
cated, in its prefered form the angle 72 is approxi 
mately 15 although the angle may take on other values 
depending on numberous system variables discussed 20 
later. 
Referring again to FIG. 4a, an annular slot or cham 

ber 74 is cut downwardly into the support surface 66. 
This annular slot 74, when the two halves of the air 
knife are in their interfitting position, as shown in FIG. 25 
5, comprises an annular plenum chamber for receiving 
pressurized air. 
Disposed inwardly of the annular slot 74 is a down 

wardly sloping surface 76 which slopes downwardly at 
an angel indicated at 78 which, in its preferred form, is 30 
also approximately 15. The downwardly sloping sur 
face 76 forms the lower wall of the annular orifice 37 
as viewed in FIG. 5. 
A downward angulation of 15 for the thin conically 

shaped sheet of air formed by the air knife fixture has 35 
proved to be highly desirable. The results for three dif 
ferent tests using an air knife fixture having a down 
ward angulation of 15 for the thin conically shaped air 
sheet has been tabulated in Tables 1, 2 and 3. 

40 
Table 1 

Test Conditions 
Bottle Air Withdrawal Bake Bake 
No. Pressure Speed Temp. F. Time Min. 

45 
1 12 psi .33 in...isec. 460 7 
2 14 psi .33 in...fsec. 460 6.5 
3 16 psi .33 in...isec. 460 6.5 

Minimum clearance between bottle and air knife fixture approximately ...5 inches. 

Orifice height - 5 mils 50 

Table 2 

Vertical Coating Distributions 
Bottle N. N. N SW, SW, SW 55 
No. 

m 4.5 5 3 3 4.5 
2 2.5 3.5 2.75 2.5 2.5 2.5 
3 3 3 2.25 2 2 3.25 

60 

Table 3 
-euwen-worrisoner" """ 

Horizontal Coating Distribution at SW, 
Bottle P P P P P P 65 
No. 
le-wv-launresort" “"" 

3 3.5 3.25 3 3.75 3.5 
2 2.5 2.5 3 3 2.75 2.5 

6 

Table 3-Continued 

Horizontal Coating Distribution at SW, 
Bottle P P P P, P, P 
No. 
3 2 2.5 3 2.5 2. 

As is apparent from Table 2, the vertical coating dis 
tribution of cured plastisol on three different bottles is 
substantially uniform for all of the positions measured. 
The measuring points N, N, Na, SW, SW, and SW 
are indicated generally in FIG. 1. Table 3 shows that 
the horizontal distribution around the midpoint of the 
side wall of the bottle, that is, at position SW, is also 
substantially uniform at all points around the bottle. 
The results tabulated in Tables 1, 2 and 3 show that 

a downward angulation of 15 for the conically shaped 
air sheet provides a desirable cutting action wherein 
the excess plastisol is sheared or stripped from the sur 
face of the bottle leaving a substantially uniform coat 
ing on the surface of the bottle. By way of comparison, 
if no air knife is employed, the coating thickness varies 
from 3/2 mils at the neck to 15 mils at the heel. Other 
tests were performed where the air jet formed by the air 
knife fixture was not downwardly angulated at all, that 
is, the air was directed towards the bottle in a direction 
substantially perpendicular to the direction of bottle 
movement through the air knife fixture while that con 
figuration effected some plastisol removal, the distribu 
tion of plastisol on the exterior surface of the bottle 
after curing was highly irregular and, indeed, there ap 
peared to be a bulge of plastisol material located near 
the upper portion of the bottle side wall. Other experi 
ments were conducted with downward angulation of 
45 for the conically shaped air sheet. The results for 
this particular test indicated no perceptible cutting ac 
tion at all. When the air knife had a downward angula 
tion of approximately 30 the cutting action, while im 
proved over a 45° angle, was not as satisfactory as the 
15° angle. 
While the foregoing results suggest that downward 

angulation of approximately 15 is near optimum for 
the particular coating and parameters involved, it will 
be recognized by those skilled in the art that there are 
a number of variables which will effect the end result. 
For example, the air pressure in the air knife will affect 
the thickness of material remaining on a bottle after it 
has passed through the fixture of this invention. Addi 
tionally, the rate of bottle travel as it passes through the 
air knife fixture will also affect the coating thickness. 
A further variable is the particular shape of the article 
being coated as well as the minimum clearance be 
tween that article and the air knife fixture. Further, the 
viscosity of the coating material prior to curing also has 
an effect on the thickness of the material remaining on 
the article. Therefore, in view of the large number of 
variables, the actual test results shown in Table 1, 2 and 
3 suggest that the downward angulation of 15 for the 
conically shaped air sheet is advantageous but is by no 
means assuredly optimum for all cases. Indeed, it is rea 
sonably clear from the tests performed to date that the 
optimum downward angulation for the conically 
shaped air sheet be greater than 0° and less than 45 
and that the exact optimum angle depends on each of 
the variables indicated above. As such, once each of 
the variables has been set, a certain amount of experi 
mentation may be necessary to determine the most op 
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timum downward angulation for that particular config 
uration, which can be done by comparison of uniform 
ity of coating thickness. 
As indicated generally above, there are advantages to 

introducing the air into the plenum chamber 74 in a di 
rection which is substantially perpendicular to the 
plane of the plenum chamber 74. Experimentation has 
shown, for example, that if the air is introduced into the 
plenum chamber 74 in a direction which is substantially 
parallel to the plane of the plenum chamber 74, the air 
flow through the orifice 37 is not uniform around the 
plenum and this lack of uniformity gives rise to an un 
even distribution of coating material on the surface of 
the bottle. By introducing the air into the plenum 
chamber perpendicularly in the manner described 
above, advantageous results are achieved as indicated 
in Tables 1, 2 and 3. It will be clear to those skilled in 
the art that the pressurized air supply can also be intro 
duced perpendicularly into the plenum chamber 74 at 
more than two locations. In this matter, the air pressure 
within the plenum chamber 74 is substantially uniform 
thereby assuring that the flow of air through the orifice 
37 is also uniform. 
The air knife provides a surprising advantage in re 

spect to coating of the dome 21 of the bottom of the 
bottle. When the bottle is dipped into the plastisol bath, 
an air bubble or pocket is usually caught in the dome 
which prevents that part of the bottle surface from 
being contacted and uniformly wetted with coating ma 
terial. If left to drain in the conventional manner, this 
area would be poorly coated. 
However, when the bottle is passed through the air 

knife, the coating is spread around the heel 18 and over 
the dome area 21, even though that area may previ 
ously have been incompletely wetted by the bath. The 
air knife thus distributes the coating onto a bottom area 
which otherwise would not have been coated properly. 
The foregoing description has specifically referred to 

coating of a bottle, for purposes of explanation, but the 
technique and apparatus of the invention are also use 
ful in coating jars, and the term container is used gener 
ically herein and refers to and means both bottles (i.e., 
narrow neck items) and jars (wide mouth items). 
While the foregoing description has been made with 

particular emphasis on a preferred embodiment, it will 
be clear to those skilled in the art that certain modifica 
tions in form only can be readily made without depart 
ing from the spirit and scope of this invention as de 
fined in the following claims. 
What is claimed is: 
1. An air knife apparatus for forming an air knife to 

remove excess liquid coating material from glass con 
tainers passing therethrough, comprising, in combina 
tion: 
means for connection in use to a source of pressur 

ized gas; 
an annular fixture with an inwardly and downwardly 
angulated annular orifice; 

a gas conduit communicating between said means for 
connection to a source of pressurized gas and said 
annular orifice, to permit gas to flow through said 
annular orifice to form a thin conical sheet of gas 
moving toward an apex; and 

means for gripping said containers at a finish portion 
thereof and moving the containers thus gripped up 
wardly through said annular fixture. 
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8 
2. The air knife apparatus of claim 1 wherein said an 

nular, orifice is angled downwardly at an angle of less 
than 45. 

3. The air knife apparatus of claim wherein said an 
nular orifice is angled downwardly at an angle of ap 
proximately 15. 
4. The air knife apparatus of claim 1 including an an 

nular plenum chamber inside said annular fixture, said 
plenum chamber communicating with said gas conduit 
and said orifice to substantially provide a uniform flow 
of gas through said orifice. 

5. The air knife fixture of claim 4 wherein said gas 
conduit communicates with said annular plenum cham 
ber so that the gas entering said plenum chamber from 
said conduit enters at an angle approximately perpen 
dicular to the plane of said annular fixture, the uni 
formity of gas flow through said orifice thereby being 
made substantially uniform. 

6. The air knife fixture of claim 5 wherein said gas 
conduit communicates with said plenum chamber at 
least at two locations uniformly distributed around said 
annular plenum chamber. 

7. The air knife fixture of claim 1 wherein said orifice 
is approximately 5 mils in height. 

8. An apparatus for uniformly coating a plastic mate 
rial onto a glass container having a finish portion for re 
ceiving a closure, said apparatus comprising, in combi 
nation: 
means for immersing the container in a bath of liquid 
uncured plastic material; 

a source of pressurized gas; 
a fixture including an inwardly and downwardly di 
rected annular orifice; 

a gas conduit communicating between said source 
and said orifice to permit gas to flow through said 
orifice to form a thin conical sheet of gas moving 
toward an apex; and 

moving means for gripping the container at the finish 
portion thereof and for withdrawing the container 
from the bath and passing it upwardly through said 
annular orifice so as to move through the thin coni 
cal sheet of gas. 

9. The apparatus of claim 8 wherein said annular ori 
fice is angled downwardly at an angle of less than 45. 

10. The apparatus of claim 8 wherein said annular or 
ifice is angled downwardly at an angle of approximately 
15°. 
11. The apparatus of claim 8 including an annular 

plenum chamber inside said fixture, said plenum cham 
ber communicating with said gas conduit and said ori 
fice to provide a substantially uniform flow of gas 
through said orifice. 

12. The apparatus of claim 11 wherein said gas con 
duit communicates with said annular plenum chamber 
So that the gas entering said plenum chamber from said 
conduit enters at an angle approximately perpendicular 
to the plane of said plenum chamber so that the gas 
flow through said orifice is substantially uniform. 

13. The apparatus of claim 12 wherein said gas con 
duit communicates with said plenum chamber at least 
at two locations uniformly distributed around said an 
nular plenum chamber. 

14. The apparatus of claim 8 wherein said orifice is 
approximately 5 mils in height. 

15. The apparatus of claim 8 wherein the minimum 
clearance between the article and the annular orifice as 
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the article passes therethrough is approximately .2 velocity is approximately 73 an inch per second. 
inch. 18. The apparatus of claim 8 wherein said source 

16. The apparatus of claim 8 wherein said moving 
means moves the article through said annular orifice at 
a constant velocity. 

17. The apparatus of claim 16 wherein said constant 

provides gas at a pressure of approximately 14 pounds 
5 per square inch. 
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