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U.S. Cl. 117-17 12 Claims 

ABSTRACT OF THE DISCLOSURE 
A method for electrostatically coating the surfaces of 

articles with pulverulent materials, especially coloring 
substances, by spraying the material dispersed in an air 
current upon the article and permitting the recovery of the 
excessive material which is drawn off by suction from the 
spray chamber, treated, and then returned to the supply 
for immediate reuse in the spraying operation. 

This application forms a continuation application of 
application Ser. No. 656,081, ?led July 26, 1967, and now 
abandoned. ’ 

The present invention relates to a method for electro 
statically coating the surfaces of articles with pulverulent 
materials, especially coloring substances, wherein the ma 
terial which is supplied from a container and dispersed 
in an air current is electrically charged and sprayed upon 
the article to be coated and the excessive material is re 
moved by suction. The invention further relates to an ap 
paratus for carrying out this method. 
The known methods of the above-mentioned type have 

two serious disadvantages, namely, that they do not per 
mit the application of materials the particles of which 
have the tendency to stick to each other and to form 
lumps which will prevent the material from being properly 
sprayed and will clog the spraying device, and that the 
amount of material which during the spraying does not 
reach the article to be coated and will be sucked otf is 
relatively large as compared with the total amount of the 
sprayed material. Since the material which is removed by 
suction can no longer be used because of the practically 
unavoidable formation of lumps, this method is very un 
economical, especially when the materials used, for ex 
ample, epoxide resins, are relatively expensive. 

It is an object of the present invention to provide a 
method of the type as ?rst described in which the above‘ 
mentioned disadvantages will not occur. This is attained 
according to the invention by permitting the larger as well 
as smaller particles of the excess material which are drawn 
otf by suction to be recovered for further use by being 
separated from the air current coming from the suction 
line and by eliminating the electric charge of the entire 
recovered material and screening the latter before it is 
sprayed again. 

Since the present invention permits the recovery of all 
the particles of the material which during the spraying op 
eration do not reach the article to be coated, there will be 
practically no loss of material. The recovery of this mate 
rial has the further advantage that the coating operation 
may be carried out at a greater speed since the usual spray 
gun which is employed for the spraying operation no 
longer has to be pointed at all times very exactly upon 
the article to be coated as was necessary in the known 
methods which did not provide for any recovery of the 
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excess material in order to reduce the loss of material as 
much as possible. Since the electrostatic charge of the 
material which is drawn off by suction is removed and this 
material is screened and if necessary disintegrated, it will 
be treated so as to permit its reuse without danger that 
any clogging or other breakdown of the spraying appa 
ratus may occur. 

In order to prevent any interference in the proper opera 
tion of the spraying apparatus it is advisable to keep the 
larger and smaller particles of the recovered material 
which has been separated from the suction current in a 
mixed condition. This has also the advantage that no 
rough spots will be formed on the surface of the coated 
article. This result which by the known methods could 
not be attained is surprising insofar as it was previously 
the prevailing opinion that if the excess material was re 
covered it could be used again only if the ?ne particles 
were removed because of the dust which might be inter 
mixed with them. 
The larger and smaller particles of the material may be 

kept in a mixed condition by holding them in suspension 
by means of air. According to a very advantageous em 
bodiment of the inventive method, the air which is re 
quired for this purpose is conducted into the supply con 
tainer of the material by passing it through a porous layer 
on the bottom of this container. 
When employing materials which have the tendency to 

form lumps, it is advisable also to subject the new material 
to a disintegrating and screening process before it is 
sprayed. Lumps or larger particles which might have been 
formed during storage of the material will thus be elimi 
nated so that all possible causes of interferences in the 
spraying apparatus will be avoided. 

According to a preferred embodiment of the invention, 
the screened material is conducted back into the supply 
container from which the material is taken for the spray 
ing operation. Thus, a closed circuit is formed which in 
sures a very economic operation since it is then only 
necessary to pass approximately the same amount of ma~ 
terial into the circulation which is required for the actual 
coating process. A change from one material to another 
may then also be carried out in a very simple manner and 
will not lead to any noticeable loss of material. 

For attaining the further object of the invention to pro 
vide an apparatus for carrying out the new method, this 
apparatus comprises a spraying device for ejecting the 
electrically charged particles of the material within an air 
current, a suction device for drawing off the excessive 
material, and a separating device following the suction 
device for segregating the excessive particles and collect 
ing them in a container, wherein this separating device is 
provided with a ?lter for separating and recovering the 
?ne particles which might still be contained in the air 
which is discharged from the separating device. The object 
of the invention is further attained by designing the con 
tainer in which the separated particles including those 
which are separated by the ?lter are collected so that the 
surfaces of this container with which the particles come 
in contact form a discharge electrode for removing the 
electric charge from these particles, and by providing suit 
able means for disintegrating and screening the material 
which is collected in this container. 

The separating device of the new apparatus is prefer 
ably provided in the form of a cyclone separator and the 
?lter is preferably mounted in such a manner within the 
path of the air which is discharged from this separator 
that the particles which are separated from this air by 
the ?lter will pass into the collecting container which re— 
ceives the particles which are separated by the cyclone 
separator. This arrangement insures that not only the 
larger particles which are separated from the air by the 
cyclone separator but also the smaller particles which are 
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subsequently separated from the exhaust air by the ?lter 
will pass into the same container and will therefore remain 
as an intimate mixture with each other. 

In an apparatus which forms a very advantageous em 
bodiment of the invention, the ?lter is built into the men 
tioned collecting container or into the cyclone separator 
which is located above this container. The particles which 
are separated by the ?lter then do not need any means 
for conveying them into the collecting container since they 
will fall into the latter due to their own gravity. This 
construction of the apparatus has the further advantage 
that it has a relatively low height. If desired, it is, how 
ever, also possible to mount the ?lter on top of the sepa 
rating device. If this apparatus should have a lower 
height, it is possible to provide it with two lower ?lters 
which are connected in parallel. 
The disintegrating and screening device is preferably 

provided in the form of a sifter of a conventional con 
struction in which the material is conveyed by a rotating 
worm which throws it at the same time against a sur 
rounding screen of a cylindrical shape. 
The collecting container is preferably mounted directly 

above the inlet opening of the disintegrating and screening 
device so that no additional conveying means will be re 
quired to pass the material from one of these units to the 
other. In addition it is advisable to provide the apparatus 
between the collecting container and the disintegrating 
and screening device with a dosing device, for example, 
a rotatable gate wheel with a plurality of compartments, 
the operation of which is adapted to be controlled so as 
to permit the amount of material to be varied which is 
passed to the disintegrating and screening device. 
Another advantageous feature of the invention consists 

in providing the outlet channel of the collecting container 
to the gate wheel with a plurality of peripherally spaced 
nozzles which are adapted to blow blasts of compressed 
air at predetermined intervals into this channel so as to 
prevent the material from becoming condensed within the 
outlet of the collecting container and from clogging this 
outlet. These nozzles may be arranged so as to blow the 
air upwardly and at an oblique angle inwardly into the 
cutlet channel of the collecting container. 

In place of such nozzles, it is another feature of the 
invention to provide the collecting container with a por 
ous layer at least on the inner side of the bottom of this 
container adjacent to its outlet to the gate wheel, and with 
a line for passing compressed air through this layer into 
the collecting container so as to produce therein a sus 
pension of air and the particles of the material which in 
sures that all particles will be uniformly mixed with each 
other and also that a formation of lumps or a clogging 
of the outlet of the collecting container will be prevented. 
The apparatus is further preferably designed so that not 
only the recovered material is passed into this collecting 
container so as to insure that an intimate mixture be 
tween the recovered and the new material will be formed. 
In connection with such a porous layer it is another fea-v 
ture of the invention to cover at least the inner side of this 
layer with an electrically conductive coating. This has 
the advantage that also the part of the collecting or supply 
container which is covered by the porous layer will serve 
as a discharge electrode for removing the electric charge 
from the particles of the material. 
The spray chamber which is preferably provided with 

a plurality of suction inlet openings of the suction device 
may either be mounted at a place separate from the ap 
paratus itself or it may be combined therewith by being 
attached to one side thereof. 
The various features and advantages of the present in 

vention will become more clearly apparent from the de 
tailed description thereof which is to be read with ref 
erence to the accompanying drawings, in which 
FIG. 1 shows a front view of an apparatus according 

to a ?rst embodiment of the invention; 
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4 
FIG. 2 shows a side view of the same apparatus; 
FIG. 3 shows a top view of the apparatus according 

to FIGS. 1 and 2; 
FIG. 4 shows a front view of an apparatus according 

to a second embodiment of the invention; 
FIG. 5 shows a cross section which is taken along the 

line V-V of FIG. 4; 
FIG. 6 shows a cross section of the bottom of the col 

lecting container of the apparatus according to FIGS. 4 
and 5; while 
FIG. 7 shows a front view of an apparatus according 

to a third embodiment of the invention. 
Referring ?rst to FIGS. 1 to 3 of the drawings, the ap 

paratus according to the invention comprises a frame con 
sisting of a supporting plate 1 and feet 2 on which a col 
lecting container 3 is mounted which is composed of an 
upper cylindrical vessel 4 and a lower funnellike supply 
container 5 which is directly connected to this vessel 4. 
The collecting container 3 is symmetrical about its verti 
cal axis and mounted on the supporting plate 1 in such 
a manner that the vessel 4 is located above this plate 1 
and the lower end of the funnellike supply container 5 
which is provided with an outlet channel 6 is located 
between plate 1 and the ?oor on which the feet 2 are rest 
ing. The conical lower container part 5 has an angle of 
approximately 110°. 
Near its point of connection to the outlet channel 6, 

the lower container part is provided with a plurality of 
peripherally spaced inclined nozzles 7 which are con 
nected to each other by an annular line and are adapted 
to pass blasts of compressed air at predetermined intervals 
into the outlet channel 6. 
As indicated in FIG. 2 an outlet tube 11 of a blower 

12 which is mounted on the supporting plate 1 extends 
tangentially and at a slight downward inclination into 
the vessel 4. This blower 12 which is driven by an elec 
tric motor 13 forms together with the vessel 4 a cyclone 
separator. A suction line 14 leads from the blower 12 to 
a suction channel 15 which is provided with openings 15 
and is located adjacent to the frame 1, 2 on the bottom 
of a spray chamber 17 and extends across the entire 
width of the frame. As shown in FIG. 1, a second suc 
tion line 18 which has a considerably smaller diameter 
than the suction line 14 extends to the area underneath 
the supporting plate 1 and its end may be inserted into 
or connected to a container in which the new material 
to be sprayed is held for conveying this material into 
vessel 4. 
The vessel 4 carries on its upper side two ?lters 8 and 

9 which are connected in parallel and through which the 
exhaust air of the cyclone separator is conducted. These 
?lters 8 and 9‘ are designed so that the particles of the 
material which are separated by them from the exhaust 
air of the cyclone separator will fall into the supply con 
tainer 5. In order to permit the inside of the container 3 
to _be cleaned when necessary, the upper wall of vessel 
4 1s provided with a manhole 10 which may be closed 
by a cover. 
The outlet channel 6 is connected by a gate wheel 19 

with a plurality of separate compartments to the inlet 
of a conventional sifter 21. Gate wheel 19 which is 
driven by an electric motor 20 is adapted at every revo 
lution to pass a certain quantity of the material from the 
collecting container 5 into the sifter 21. This sifter is 
provided with a rotating feed worm for conveying the 
material and for throwing it against a resilient screen 
surrounding it. As illustrated in FIG. 2, the sifter 21 is 
provided with two separate outlets 22 and 23 for the 
treated material and for any waste which has been 
screened out and is to be discarded. 
The outlet 22 for the treated material terminates into 

a supply container 24 of a pneumatic conveying device 
which conducts the material which is dispersed within an 
air current through a connecting line 25 to a spray gun 
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26 of a conventional construction which is provided with 
an atomizer nozzle and an electrode for electrically charg 
ing the particles of the material which emerge from this 
nozzle. 
The mode of operation of the method and apparatus 

according to the invention which may be employed, for 
example, for treating and spraying epoxide resins is as 
follows: 
The amount of material which is required for the 

particular coating operation is conveyed through the 
second suction line 18 into the container 3. Thereupon 
the sifter 21 and thereafter the gate wheel 19 are started. 
Gate wheel 19‘ conveys the material in measured quan 
tities into the sifter 21. The material is supplied from 
the container 5 to the gate wheel 19 automatically by 
its own gravity, while the nozzle 7 prevents the material 
from being packed in the outlet channel and from clog 
ging the same. 

After entering the sifter 21, the material is disinte 
grated therein insofar as it may be necessary and 
‘screened. After this treatment, the material emerges 
from the outlet 22 and passes into the storage container 
24 of the pneumatic conveying device. The operation of 
the gate wheel 19 may be controlled so that the quantity 
of material which is contained in this storage container 
will always remain between a certain maximum and 
minimum amount. 

After entering the container 24 of the pneumatic 
conveying device, the material to be sprayed is dispersed 
therein within an air current and conducted through the 
connecting line 25 to the spray gun 26 in which the par 
ticles are electrically charged before being ejected. Dur 
ing the spraying operation, the spray gun 26 is directed 
upon the article to be coated and held at a suitable dis 
tance therefrom. 
Those parts of the sprayed material which did not 

settle on and adhere to the article to be coated are drawn 
off by the suction of the blower 12 through the openings 
15 of the suction channel 16 and are blown into vessel 4. 
Due to the downward inclination of the outlet tube 11, 
the particles which are blown from this tube receive a 
motion component in the downward direction which 
facilitates their precipitation from the air current. Those 
parts of the drawn-off material which are not as yet sep 
arated from the air current are then separated in the 
?lters 8 and 9 and fall into the connecting container 3. 
The particles of the material which are separated from 

the exhaust air come in contact with the wall of the vessel 
4 and partly also with the wall of the supply container 5 
and thereby lose their electric charge. The large surfaces 
of the container 3 facilitate the release of the electric 
charge of the particles which is then conducted to the 
ground. If any charge remains in the particles, it will be 
passed off within the gate wheel 19‘ and in the sifter 21. 
Thereafter, the particles of the material may again pass 
through the circuit as above described. 

Of course, the outlet 22 of the sifter 21 does not need 
to be connected directly to the supply container 24 of 
the pneumatic conveying device, but the treated material 
coming out of the sifter 21 may be conveyed to the pneu 
matic conveying device in any other suitable manner. 

While it is advisable, as illustrated in FIGS. 1 and 3, 
to feed the new material through the line 18 to the con 
tainer 3 so as to mix it therein thoroughly with the re 
covered material coming from the spray chamber 17 and 
also to treat it together with the recovered material, it 
is also possible to omit the treatment of the new material 
by feeding it to a point between the container 5 and the 
gate wheel 19 or to the sifter 21 or directly to the con 
tainer 24 of the pneumatic conveying device in which 
the new material is then thoroughly mixed with the 
recovered material before the mixture is electrically 
charged and sprayed by the spray gun 26. 
FIGS. 4 to 6 illustrate another embodiment of the ap 

paratus according to the invention in which a cyclone 
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separator consisting of a vertical cylindrical vessel 104 
and a blower 112 is mounted in the same manner as pre 
viously described on a frame 101 to which a spray 
chamber 117 is attached. Of course, this spray chamber 
117 may also be mounted separately from the frame 101. 
The pressure outlet 111 of the blower 112 terminates 
tangentially into the vessel 104 and the suction inlet of 
blower 112 is connected by a connecting line 114 to the 
inside of the spray chamber 117. 

Vessel 104 is directly connected underneath to a sup 
ply container 105 which together with the vessel 104 
forms the main collecting container 103. The supply con 
tainer 105 consists of two coaxial cylindrical sections 
105a and 10Sb and an intermediate conical section 
1050. Sections 105a which is directly connected to the 
vessel 104 has a diameter considerably larger than that of 
the section 1051) but equal to the diameter of the vessel 
104. 
The supply container 105 is closed at its lower side by 

a bottom 130 which has a central outlet channel 106. 
As shown in FIG. 6, the container bottom 130 is pro 
vided on the inside with a porous layer 132 which is 
spaced from the outer wall 131 and secured thereto by 
spacing elements 133. The space between the porous 
layer 132 and the outer wall 131 forms a chamber which 
communicates with a compressed-air supply line 134 
which terminates into this chamber within the level of the 
outlet channel 106. 
On its inner side, the porous layer 132 which con 

sists of a synthetic material is provided with an elec_ 
trically conductive coating 135 which does not affect the 
porosity of the layer 132 and participates in completely 
removing the electric charge from the recovered particles. 
The upper section 105a of the supply container 105 

contains an air ?lter 108 from which the discharged air 
emerges from the container 105 to the outside through 
an outlet 136. 
The powder to be treated may be passed into the supply 

container 105 through an opening (not shown) in the 
cover 136' of the vessel 104 or by means of a pneumatic 
conveying device similar to the conveying device 18 which 
is connected in parallel to the suction line 114. 

In all other respects, the apparatus according to FIGS. 
4 to 6 is designed substantially in the same manner as 
the apparatus according to FIGS. 1 to 3. The coinciding 
features therefore do not need to be described again. 

Since the compressed air which is supplied through the 
supply line 134 is forced through the porous layer 132 
into the supply container 105, the powder which is located 
in this container forms a kind of a suspension in this 
air which results in an excellent mixture of the particles 
of the material and also prevents the powder from form 
ing lumps which otherwise it has a tendency to do and 
which might result in the danger that the outlet channel 
106 might become clogged. 
The powder is removed from the supply container 

105 in the same manner as described with reference to 
the apparatus according to FIGS. 1 to 3 by means of a 
gate wheel 120 and passed through a sifter 121 to the 
spraying device. The particles of the material which are 
drawn by the blower 112 out of the spray chamber 117 
are blown tangentially into the vessel 104 of the cyclone 
separator in which the larger particles are separated from 
the air current in a conventional manner. Due their 
gravity, these larger particles then drop into the supply 
container 105, while the ?ne particles are separated from 
the air current in a conventional manner. Due to their 
gravity downwardly into the supply container 105. Since 
a suspensionlike mixture of air and material is thus 
formed, the recovered particles will then remain in the 
supply container in an intimate mixture with the other 
particles. 

FIG. 7 illustrates an apparatus according to a further 
embodiment of the invention which differs from the ap 
paratus according to FIGS. 4 to 6 only by having a larger 
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frame 201 and by being provided with two equal sepa 
rating units 2.03 and 203' which are supported by this 
frame. These two separating .units are connected by 
separate connecting lines 214 and 214' to the inside of 
the spray chamber, and each of these units is followed by 
a sifter 221 and 221' respectively. The mode of opera 
tion of these two recovery units is the same as described 
with reference to FIGS. 4 to 6. 
The twin apparatus according to FIG. 7 has the ad 

vantage that the change from the treatment of the ma 
terial contained in one supply container to the treat 
ment of the material in the other supply container can 
be carried out very quickly since it is only necessary to 
exchange the spray gun and to switch off the blower of 
one apparatus and to switch on the blower of the other 
apparatus. 
Although my invention has been illustrated and de 

scribed with reference to the preferred embodiments 
thereof, I wish to have it understood that it is in no way 
limited to the details of such embodiments but is capable 
of numerous modi?cations within the scope of the ap 
pended claims. 

Having thus fully disclosed my invention, what I 
claim is: 

1. A method of electrostatically coating the surfaces 
of a articles with pulverulent materials for producing a 
uniformly smooth surface thereon, said pulverulent ma 
terials having particles of different sizes, comprising the 
steps of dispersing said material in a compressed-air cur 
rent and conveying it by said air current to a spraying de 
vice, electrically charging said material and spraying said 
material from said spraying device upon an article to be 
coated, drawing off by suction at a suction station sub 
stantially all of the excess spraying material not adhering 
to said article, recovering said excess sprayed material 
by separating the larger and smaller particles of the re 
covered material from the air current coming from said 
suction station, thoroughly mixing all of the larger and 
smaller particles of the recovered excess material after 
they have been separated from the air current coming 
from said suction station, substantially eliminating the 
electric charge from said recovered particles, dispersing 
said thus-treated recovered particles in a compressed-air 
current and conveying them by said air current to said 
spraying device, and then electrically charging said re 
covered particles in said spraying device and spraying the 
same therefrom upon an article to be coated. 

2. A method as de?ned in claim 1, wherein said larger 
and smaller particles after being separated from the air 
current coming from said suction station are thoroughly 
mixed with each other by maintaining them in a ?uidized 
state by a second current of compressed air. 

3. A method as de?ned in claim 2, wherein said second 
current of compressed air is passed into and mixed with 
said recovered particles by being conducted from the out 
side through a porous layer covering at least a part of 
the inner wall of a container in which said particles 
are collected. 

4. A method as de?ned in claim 1, comprising remov 
ing in separate operations the larger and smaller particles 
of the recovered excess sprayed material from the air 
current coming from said suction station. 

5. A method as de?ned in claim 4, wherein the 
separate operations of removing the larger and smaller 
particles from the air current are carried out at zones in 
generally vertical alignment, whereby the particles re 
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moved at one such zone fall into at least a portion of . 
the other such zone. 

6. A method as de?ned in claim 5, wherein the said 
one such zone is disposed above the said other zone. 

7. A method as de?ned in claim 5, wherein the said 
one zone is disposed within the upper part of the other 
such zone. 

70 

8. A method as de?ned in claim 4 wherein the larger 
particles are removed in a cyclone separator, and the 
smaller particles are removed by a porous ?lter. 

9. A method as de?ned in claim 8, wherein the porous 
?lter is disposed in alignment with and above at least a 
portion of the cyclone separator whereby the removed 
smaller particles fall into the lower portion of the 
cyclone separator. 

10. A method as de?ned in claim 1, comprising sup 
plying new material to the recovered material, and 
said recovered material before being electrically charged 
and sprayed. 

11. A method as de?ned in claim 10, wherein the suc 
tion for drawing off the excess material in said section 
station is also employed for supplying the new material 
and for passing said recovered excess and new material 
together into a common cyclone separator for separating 
the larger particles of the mixture, While the remainder 
is passed throu-gh a ?lter disposed above at least a part of 
the cyclone separator for also separating the smaller 
particles which then fall into the lower portion of the 
cyclone separator, then collecting the larger and smaller 
particles from the bottom of the cyclone separator by 
gravity and dispersing them in and mixing them by a 
second compressed air current and removing from the 
mixture the electric charge from the preceding spraying 
operation, and then screening the mixture and conveying 
predetermined amounts thereof to said spraying device 
from which the mixture after being newly-charged is 
sprayed. 

12., A method of electrostatically coating the surfaces 
of articles with pulverulent materials, especially coloring 
substances, comprising the steps of dispersing said ma 
terial in a compressed-air current and conveying it by 
said air current to a spraying device, electrically charging 
said material and spraying said material from said spray 
ing device upon an article to be coated, drawing off by 
suction the excessive material not adhering to said article 
in a suction station, and recovering said excessive ma 
terial by separating the larger and smaller particles of 
the recovered material from the air current coming from 
said suction station, substantially eliminating the electric 
charge from said recovering particles and screening the 
same, dispersing said recovered particles in a compressed 
air current and conveying them by said air current to said 
spraying device and then electrically charging said re~ 
covered particles in said spraying device and spraying the 
same therefrom upon an article to be coated. 
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