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ABSTRACT OF THE DISCLOSURE 
Apparatus for depositing a coating of a powder onto a 

moving metal strip comprising a metering roll, a powder 
container for supplying powder to the metering roll, a 
pressurized gas outlet in the interior of the roll for blow 
ing gas through the roll to remove powder from the de 
pression in the roll and direct it towards the strip to be 
coated and a screen which can be electrically charged with 
respect to the strip positioned in the path of the powder 
passing from the metering roll to the strip. 

This invention is concerned with the formation of coat 
ings by powder deposition on a substrate. 

Metal sheet materials having a coating on one or both 
surfaces thereof of another metal or alloy, a metal oxide 
or a plastics material are required for many purposes. The 
present invention is concerned with a process for the pro 
duction of such coated metal sheet materials in which a 
layer of powdered material, which is to form the eventual 
coating, is deposited on a metal strip and is subsequently 
rendered coherent in itself and adherent to the metal strip, 
for example by compaction followed by sintering. In order 
to obtain satisfactory coatings by such a process it is essen 
tial that the powder coating should be substantially com 
pletely uniform, i.e. in terms of weight of powder per unit 
area of the surface of the substrate and the devices at 
present available for applying powder coatings to strip 
materials do not enable powder coatings of a satisfactory 
degree of uniformity to be obtained. 

It is therefore an object of the present invention to 
provide an improved apparatus for depositing a coating 
of a powder on a moving strip. 

According to the present invention we provide appa 
ratus for depositing a coating of a powder on a moving 
metal strip, which comprises a rotatable metering roll 
having a length at least equal to the width of the strip to 
be coated and provided, on its curved surface, with de 
pressions which are uniformly distributed over said Sur 
face, a container for powder having a powder outlet 
arranged to supply powder to said depressions along the 
length of the roll, means for removing powder from the 
curved surface of the roll surrounding the depressions, 
and means for removing the powder from the depressions 
in the roll and depositing it on the surface of the metal 
strip. 
The uniformity of the powder coating obtainable by 

use of this apparatus is due to the uniform distribution 
of the depressions on the curved surface of the metering 
rolls and while these depressions can be formed by ma 
chining, it is preferred to use a metering roll which con 
sists of a smooth surfaced roll, the curved surface of which 
is covered with a conforming sheet of uniformly perfo 
rated metal, such as perforated zinc, the perforations 
forming the depressions in the metering roll. 
The particle size of the powder deposited with this 

apparatus will depend upon the coating thickness required 
and for a given apparatus, the range of particle sizes 
which can be handled will depend on the size of the de 
pressions, that is the perforations where perforated metal 
forms the surface of the metering roll. By way of example, 
powder having a particle size range of from 5 to 50 
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microns can be successfully handled with a metering roll 
covered with perforated zinc having 2 mm. diameter per 
forations and nine perforations to the inch. 
The powder container is preferably a hopper of con 

ventional construction having two long walls, the lower 
(or inner) edges of which extend along and bear against 
the curved surface of the metering roll and define the 
powder outlet. The lower edge of the downstream hopper 
wall (downstream, that is, in terms of the direction of 
rotation of the metering roll, in operation) acts as a wiper 
to remove powder from the curved surface of the meter 
ing roll which surrounds the depressions therein. To facili 
tate the removal of powder from the roll surface, said 
lower edge may be formed of or covered with a material 
having a low coefficient of friction with the roll, such as 
polytetrafluoroethylene. Alternatively a separate wiper ex 
tending the length of the roll and position adjacent or 
contiguous the downstream hopper wall, and preferably 
formed of such a material, may be provided. 

In one embodiment of the invention, the means for 
removing the powder from the depressions in the meter 
ing roll is a rotatable cylindrical brush, the axis of which 
is parallel to that of the metering roll and separated there 
from a distance such that the bristles of the brush can 
just reach the bottom of the depressions. 

In another embodiment, the metering roll is a hollow 
cylinder formed of a material which is permeable to gas, 
but not to the powder, such as sintered bronze, and the 
interior of the metering roll is provided with an inlet for 
gas under pressure and with stationary baffles which bear 
against the interior surface of the cylinder and which are 
so positioned as to direct a gas stream emanating from 
the gas inlet through only a part of the curved surface 
of the cylinder and towards the strip to be coated, and at 
least one screen which can be electrically charged with 
respect to the strip, i.e. so that there is a potential dif 
ference between the screen and the strip, is positioned in 
the path of powder passing from the metering roll to the 
strip. On passing through the screen, the powder particles 
become electrostatically charged and are directed towards 
the strip. With this arrangement, the strip is conveniently 
earthed and the screen is charged with a positive or nega 
tive potential. The metering roll may be either charged or 
earthed; in the former case, the metering roll should be 
charged to a higher potential than the screen and if there 
is more than one screen, there should be a progressive 
decrease in the potential to which each screen is charged 
so that the screen nearest the strip (which is earthed) is 
at the lowest potential. 
Where both the strip and the metering roll are earthed, 

the screen or screens should be nearer the strip than the 
metering roll so that the field strength between the 
screen(s) and the strip will be higher than that between 
the screen(s) and the metering roll; this has the effect of 
minimising the tendency for the power particles to deposit 
on the metering roll once they have been charged by the 
SCTeen. 

The embodiment using a gas stream and electrostatic 
charging to remove the powder from the depressions in 
the metering roll and to deposit it on the strip has the 
advantage of being somewhat more compast than the 
embodiment which includes a rotatable brush and is also 
preferred where the powder to be deposited tends to 
agglomerate. Agglomeration of the ultimate particles of 
the powder to form larger particles or agglomerates may 
be caused by a variety of physical phenomena and is 
commonly due to the presence of a small amount of 
moisture in the powder which, in turn, may be due to the 
powder absorbing water vapour from the atmosphere. In 
the case of powders of this type, the agglomerates dis 
integrate into the ultimate particles as the powder passes 
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through the charged screen. It is not, therefore, necessary 
to dry the powder thoroughly when using this embodi 
ment of the invention. 
We have found that a further improvement in the uni 

formity of the coating can be obtained by passing the 
powder through one or more vibrating screens positioned 
between the metering roll and the strip. In the case of 
the embodiment including an electrically charged screen, 
the latter can be vibrated. 

In order that the invention may be more fully under 
stood, some preferred embodiments of powder depositing 
apparatus will now be described, by way of example only, 
with reference to the accompanying drawings in which: 
FIG. 1 is a diagrammatic vertical section through a 

first embodiment; 
FIG. 2 is a similar view of a second embodiment; 
FIG. 3 is a similar view of a third embodiment; 
FIG. 4 is a similar view of a fourth embodiment; and 
FIG. 5 is a similar view of a fifth embodiment. 
FIG. 1 shows an arrangement for forming a powder 

coating on both sides of a metal strip. The strip 10 is 
passed round a deflector roll 11 which deflects the strip 
through an angle of 180 and is then passed to the first 
powder deposition station indicated generally by the refer 
ence 12. The coated strip is then passed round a further 
deflector roll 13 which deflects the strip through an angle 
of 180 and the other side of the strip is then coated at 
a second powder deposition station indicated generally by 
the reference 14. 

In the arrangement shown the strip is arranged to pass 
horizontally through each powder deposition station and 
the deflector rolls are employed in a manner which avoids 
contact between the coating and the deflector rolls. 

Each powder deposition assembly comprises a powder 
hopper 15, a metering roll 16 and a cylindrical brush 17. 
An amount of powder 18 is introduced to the hopper 15 
and the metering roll 16 is rotated at a speed which is 
dependent upon the quantity of powder which is to be 
deposited upon the strip 10. The metering roll consists 
of a smooth surfaced roll, the curved surface of which 
is covered with a closely conforming sheet of uniformly 
perforated metal, such as perforated zinc. The lower edge 
of the downstream wall of the hopper 15 serves as a 
wiper to remove powder from the surface of the metering 
roll surrounding the holes in the perforated metal. 
The brush 17 is rotated in the opposite sense to the 

rotation of the metering roll and serves to remove the 
powder from the perforations in the material covering 
the metering roll and to propel it, under the influence of 
gravity, towards the strip. 
The apparatus shown in FIG. 1 has been found par 

ticularly suitable for depositing aluminium and nickel 
powders, although it would be suitable for depositing 
other powders. The apparatus may be used for depositing 
powdered plastics material and, in this case, the perfora 
tions in the surface of the metering roll should be made 
larger and deeper to take account of the larger particle 
size of the powder. 
The apparatus described above employing perforated 

zinc on the metering rolls 16 was found to give excellent 
uniformity of distribution of powder across the width of 
a 5 inch strip and the variation in the powder delivery 
rate per revolution on the metering roll varied by only 
8%. We have found that powder coatings up to 0.002 
inch thick of aluminium are sufficiently adherent to re 
main on the underside of the strip even when the strip is 
subjected to a moderate amount of vibration. 
An improvement in the uniformity of the powder coat 

ing can be obtained by using the apparaus shown in FIG. 
2. This is generally similar to that shown in FIG. 1, but 
comprises a separate wiper 21, preferably formed of 
polytetrafluoroethylene, to keep the metering roll surface 
clean, and also comprises two screens 19 and 20 which 
are provided with means for vibrating them in their own 
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4. 
planes. These screens are suitably 15 mesh, i.e. have 15 
openings to the inch. 
A further embodiment, arranged for the coating of 

the underside of a metal strip, is shown in FIG. 3. In 
this case the metering roll consists of a hollow cylinder 
22 formed of a material which is permeable to gas, but 
not to the powder, such as sintered bronze, the curved 
surface of which is covered with a closely conforming 
sheet of uniformly perforated metal 23. Bearing on the 
metering roll is a hopper 5 containing powder 18 as in 
the previously described embodiments. Axially positioned 
within the cylinder 22 is an apertured pipe 24 connected 
to a Source of compressed air and extending from the 
pipe 24 to the interior surface of the cylinder are sta 
tionary baffles 25 which define a sector of the cross-section 
of the cylinder which constitutes an air chamber 26. Posi 
tioned between the metering roll and the strip 10 are 
screens 27 and 28, the screen 28 being provided with 
means for vibrating it in its own plane. The metering 
roll and the screens 27 and 28 are electrically connected 
so that there is a potential difference between them and 
the strip, which is earthed (the charge on the roll and 
the screens may be positive or negative but must, of 
course, be of the same sign for all three). There is a 
progressive decrease in potential from the metering roll 
to the screen 28; a preferred graduation of the potential 
is for the metering roll to be at a potential of x kV., the 
screen 27 a potential of % v kv., and the screen 28 a 
potential of 36 x kv. Suitable values for x will depend 
upon the separation between the screen 28 and the earthed 
strip; by way of example when the distance from the 
screen 28 to the strip was 1.5 cms, suitable potentials for 
the metering roll were from 15 to 20 kV., the correspond 
ing values for the screens 27 and 28 being, respectively, 
from 12 to 16 kV. and from 3 to 4 kV. 

In operation, as the metering roll rotates through the 
hopper of powder, the perforations become filled and any 
excess is removed by the lower edge of the downstream 
hopper wall. As the roll passes over the air chamber 26, 
the powder is blown out of the perforations by the air 
stream emanating from the pipe 24 and on striking the 
electrically charged screen 27 immediately above the roll, 
disintegrates into discrete particles. Under the influence of 
the electrostatic field applied between the earthed strip 
and the screens 27 and 28, the particles pass up through 
the vibrating screen 28 and deposit as individual particles 
on to the strip. 

Because of its very compact nature, the apparatus shown 
in FIG. 3 is particularly suitable where there are to be 
several metering rolls depositing on the same side of the 
strip. This would be the case where stratified or ply coat 
ings, i.e. coatings made up of layers of different materials, 
are being applied or even when depositing different par 
ticle size power of the same material. 

It will be apparent that this apparatus can equally well 
be used where the strip is passing under the metering 
roll, i.e. the air chamber can be positioned at the bottom 
of the metering roll. This arrangement is advantageous 
where a mixed powder of widely differing densities is to 
be deposited from a single metering roll to form an 
alloy coating. 
An apparatus arranged to operate in this way is shown 

in FIG. 4; this apparatus is generally similar to that shown 
in FIG. 3 but comprises only one screen, 27, which is 
vibrated in its own plane. The electrical connections are 
also different; both the metering roll and the strip are 
earthed and the Screen 27 is at a positive or negative po 
tential with respect to the metering roll and the strip. 
The distance between the screen 27 and the strip is less 
than the distance between the screen and the metering roll 
so that the field strength between the screen and the strip 
is higher than that between the metering roll and the 
SCC 

The following description of a typical coating process 
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carried out with apparatus as shown in FIG. 4 is given 
by way of illustration only. 
The strip to be coated was low carbon steel strip 5 inches 

wide which was passed at a rate of 20 ft./minute beneath 
the powder depositing apparatus. The metering roll of 
the apparatus consisted of a sintered bronze cylinder 
with an average pore size of 12 microns, the curved sur 
face of which was covered with a closely conforming 
sheet of perforated zinc having 2 mm. diameter round 
holes spaced so as to give nine perforations to the inch. 
The power to be deposited was aluminium powder having 
a particle size range of from 5 to 50 microns. 
The screen was 15 mesh and was vibrated in its own 

plane. It was charged to a potential of 20 kV., while the 
metering roll and the strip were both earthed. The distance 
between the metering roll and the screen was 13 cm. 
and that between the screen and the strip was 4 cm., so 
that the field strength between the roll and the screen was 
1.5 kV./cm. and the field strength between the screen 
and the strip was 5 kV./cm. 
The metering roll was rotated at 3 r.p.m. and the perfo 

rations were completely cleared of powder by supplying 
air to the chamber 26 at a rate of 0.6 cu. ft./minute and 
a pressure of 40 lbs./sq. in. An aluminium coating of 
0.001 inch thickness was formed on the strip. 
When it is desired to deposit very thin coatings using 

a fine powder, that is one having a particle size of 10 
microns or less, the air suspension of the powder passing 
towards the strip must be much more dilute than when a 
coating of greater thickness is formed. Because of the 
dilution and the small particle size, there is a greater 
tendency for the powder particles to escape from the 
electrostatic field and in the embodiment shown in FIG. 5, 
which is designed for the deposition of thin coatings of 
fine powders, the powder particles are physically restrained 
from escaping the electrostatic field. 
The embodiment shown in FIG. 5 is generally similar 

to that shown in FIG. 3 but additionally comprises a hood 
29 which extends from the metering roll to the strip 10. 
One end of the hood bears against the metering roll and 
has an opening corresponding in size to the air chamber 
26, whilst the other end is closely adjacent, but does not 
touch, the under surface of the strip 10. A single charged 
screen, 27, is used in this case, the screen being positioned 
within the hood 29. 
The apparatus according to the invention can, of course, 

be employed for the deposition of powder mixtures which 
can subsequently be treated to form alloy coatings; in this 
respect the invention enables coatings to be formed which 
cannot be formed by electrodeposition. 

In addition to the application of powder mixtures to 
provide alloy coatings, it is also possible to arrange a 
number of deposition stations in cascade so that two or 
more layers of powder of different compositions can be 
deposited. Examples of the application of such a cascade 
arrangement are the deposition of a layer of alumina or 
oxide pigment particles on a primary coating of alu 
minium, zinc, tin or nickel, for example, in order to im 
part colour or scratch resistance. Also, layers of different 
metal powders can be applied, such as a thin layer of 
aluminium applied to a steel substrate followed by zinc 
and then alumina or aluminium, the aluminium coating 
adjacent the steel substrate preventing the growth of 
iron zinc alloy which would establish a weak plane in the 
coating. 
A convenient way of compacting the powder is by 

means of vibration and in this connection it is desirable 
to deposit mixtures of powders of selected particle size 
which will give the gratest density. A cascade arrangement 
of deposition stations is particularly suitable. It has been 
shown that a mixture of spheres of diameter ratios 
1:7:38:316 and a corresponding volume composition 
6.1:10.2:23.0:60.7% will pack to a density of 95.1% of 
solid when vibrated. 

After the powder has been deposited and the coating, if 
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6 
desired, compacted, for example, by vibration, the coated 
substrate may be passed to a compacting mill. The appara 
tus described is particularly suitable for arranging in line 
with a compacting mill. 

It is advantageous in some cases, for example where 
nickel or a nickel alloy, such as a Fe/Ni or Fe/Ni/Cr 
alloy, is being deposited, to heat the strip after depositing 
powder on it and to effect compaction of the powder 
coating by rolling while the coated strip is still at an 
elevated temperature. The coated strip is suitably heated 
to a temperature of from 100 to 150° C. for this purpose 
and rolling is suitably carried out while the strip is within 
this temperature range. 
As an example of effecting compaction with the coated 

strip at an elevated temeprature, annealed low carbon steel 
strip was coated with nickel powder, heated to a tempera 
time of 150 C., and passed through compacting rolls 
which applied a load of 15 tons/inch width. The com 
pacted nickel coating had a thickness of 0.00275 inch. The 
coated steel was then coiled and the coating sintered at a 
temperature of 700° C. for 5 hours to given an extremely 
adherent coating. By effecting the compaction at elevated 
temperature it was found that there was no tendency for 
the nickel coating to delaminate either as the coated strip 
came away from the compacting rolls or when the strip 
was coiled. 
As has been indicated above, the treatment of the coated 

strip after the powder has been deposited thereon in order 
to render the coating coherent in itself and adherent to 
the strip will, in general, comprise the steps of hot or cold 
rolling and sintering, compaction by vibration and/or 
heating being optionally effected before rolling. Suitable 
rolling pressure will, of course, depend on the nature of 
the coating. For nickel and nickel alloy coatings, rolling 
loads of from 12 to 15 tons per inch width are suitable 
and loads of about 4 tons per inch width are suitable for 
aluminium and zinc coatings. Suitable sintering tempera 
tures will also depend on the nature of the coating; in the 
case of metal and metal oxide coatings there will usually 
be the choice of a long sintering treatment at a relatively 
low temperature or a short treatment at a higher tempera 
ture. For example, nickel and nickel alloy coatings can be 
sintered at 700° C. in 5 hours or at 1000° C. in 2 minutes; 
aluminium coatings can be sintered at 250° C. in from 
10-15 hours, at 500° C. in 30 minutes or at 600-650° C. 
in a few seconds; and zinc coatings can be sintered at 350° 
C. in about 30 minutes. If a sufficiently high sintering tem 
perature is employed, the sintering time can be kept suffi 
ciently short for sintering in line to be economical 
ly justified; in this case the whole of the process 
from uncoated substrate material to the finished coated 
material ready to use can be carried out continuously. 
What is claimed is: 
1. Apparatus for depositing a coating of a powder on 

a moving metal strip, which comprises: 
(A) a rotatable metering roll which is a hollow cylin 

der formed of a material which is permeable to gas, 
but not to the powder, the roll having a length at 
least equal to the width of the strip to be coated and 
being provided, on its curved surface, with depres 

which are uniformly distributed over said sur 
ace; 

(B) a container for powder having a powder outlet 
arranged to supply powder to said depression along 
the length of the roll; 

(C) means extending along and bearing against the 
curved surface of the metering roll for removing 
powder from the curved surface of the roll surround 
ing the depressions; 

(D) an inlet means for gas under pressure in the in 
terior of the metering roll and stationary baffles which 
bear against the interior surface of the cylinder and 
which are so positioned as to direct a gas stream 
emanting from the gas inlet through only a part of 
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the curved surface of the cylinder to thereby remove 
a part of the powder material from the depressions 
and to direct it towards the strip to be coated; and 

(E) at least one screen which has a mesh size large 
enough to allow the powder to pass therethrough, 
which reduces the powder striking it to discrete parti 
cles and which can be electrically charged with re 
spect to the strip, said screen being positioned in the 
path of the powder passing from the metering roll 
to the strip. 

2. Apparatus according to claim 1, in which said meter 
ing roll consists of a smooth surfaced roll, the curved sur 
face of which is covered with a conforming sheet of per 
forated metal, the perforations in said perforated sheet 
forming the depressions of the metering roll. 

3. Apparatus according to claim 1, in which the gas 
inlet is an apertured pipe extending along the axis of the 
cylinder and the stationary baffles extend from the pipe to 
the interior surface of the cylinder defining a sector of 
the cross-section of the cylinder. 

4. Apparatus according to claim 1, which comprises 
at least two screens, each having a mesh size large enough 
to allow the powder to pass therethrough, the screens be 
ing positionined in sequence in the path of the powder 
passing from the metering roll to the strip such that one 
screen is nearer the strip than the other or others, and 
means for vibrating the screen which is nearest to the strip 
in its own plane. 

5. Apparatus according to claim 1, which comprises 
a single screen having a mesh size large enough to allow 
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the powder to pass therethrough and means for vibrating 
said screen in its own plane. 

6. Apparatus according to claim 1, in which the space 
between the metering roll and the strip through which 
powder passes from the metering roll to the strip is en 
closed by a hood having an opening at each end, one end 
of the hood bearing against the metering roll and the other 
being closely adjacent, but not touching, the strip surface 
to be coated. 
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