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3 Claims.

This invention relates to apparatus for chemi-
cally coating sheet or strip metal, the principal
object being the provision of apparatus for this
purpose by means of which the time required for
a coating operation may be materially reduced,
and a coating of even thickness may be prcduced.

Objects of the invention include the provision
of apparatus of the type described comprising a
plurality of closely associated pairs of resilient
rolls between which strips or sheets of metal are
adapted to be passed; the provision of a construc-
tion as above described in which the rolls are
driven in unison; the provision of a construction
as above described in which the pairs of rolls
are positioned in or above g tank the bottom of
which forms a reservoir for a chemical coating
solution, the provision of pumping means for
drawing the coating solution from the reservoir
and delivering it to the sheet or strip between
the pairs of rolls; the provision of a construction
as above described in which the solution is
sprayed above and below the path of the sheet
or strip so that the surfaces to be coated are wet
with the solution during their passage through
the rolls; the provision of a construction as above
deseribed in which the rolls are positioned be-
tween the upper marginal portions of the ends
of the tanks which are cut away to permit the
passage of the strip or sheet being treated there-
through; and the provision of a construction as
above described that is simple in construction,
efficient in operation and relatively economical
to produce and operate.

The above being among the objects of the pres-~
ent invention the same consists in ceitain novel
Teatures of construction and combinations of
parts to be hereinafter described with reference
to the accompanying drawings, and then claimed,
having the above and other objects in view.

In the accompanying drawings which illustrate
suitable embodiments of the present invention
and in which like numerals refer to like parts
throughout the several different views,

Fig, 1 is a side elevational view of my improved
coating apparatus; o

Fig, 2 is an enlarged fragmentary, plan view
of the coating apparatus shown in Fig, 1;

Fig. 3 is an enlarged fragmentary, vertical sec-
tional view taken on the line 3—3 of Fig. 1;

Fig, 4 is a still further enlarged fragmentary,
transverse sectional view taken on the line 4—4
of Fig. 1;

Fig. 5 is an enlarged fragmentary, vertical sec-
tional view taken on the line 5—§ of Fig. 2;

Fig. 6 is a fragmentary, side elevational view
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illustrating the means employed for resiliently
urging the resilient rollers toward one another;

Fig. 7 is an enlarged, fragmentary, vertical sec-
tional view taken longitudinally of the apparatus
shown in the previous views illustrating the ap-
plication of the solution to a sheet or strip pass-
ing through a pair of rolls; and, ’

Fig, 8 is a view similar to Fig. 7 but illustrating
a modified arrangement for applying the solution
to the sheets. or strips. .

It is generally appreciated that American man-
ufacturers engaged in mass production are con-
stantly endeavoring to cut down the time re-
quired to perform certain operations in the man-
ufacture of their product or products. The desire
of the manufacturers in this direction has ex-
tended to all phases of operation and for that
reason manufacturers requiring the production
of coatings on metal surfaces by the action there-
on of chemical solutions have desired to speed
up the process of producing such cosatings.

Typical of such coatings are phosphate coatings
applied to iron, steel, zinc or the like to form 8
bond for paint. While my apparatus will be use-~
ful in applying other chemical coating solutions,
it will be described in connection with the pro-
duction of phosphate paint-bonding coatings, for
which purpose it is especially suitable.

In the past it has been conventional practice
to pass such sheets or strips through a bath of a

" suitable phosphate solution, or to pass it through

8 tank, housing or the like in which the solution
may 'be flowed, sprayed, impinged or otherwise
applied to the article. The processing time for
treating steel in fast commercial production has
been on the order of one minute. It had been
thought that this was about the fastest coating

- time obtainable consistent with proper results. A
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shorter processing time has been obtained in
treating zinc but even this can be reduced by
operating in accordance with the present inven-
tion.

The trade, and particularly the steel making
industry, now demands that the coating step be
accomplished in & time of the order of ten sec-
onds, and it has been found that by the use of
the apparatus of the present invention the bond-
ing coat can be produced in approximately this
time, and even less in certain instances, particu-
larly where the proper coating solution is em-
ployed. This is accomplished by passing the
sheets or strips through a. blurality of closely
adjacent pairs of resilient rolis and applying the
phosphate solution to both faces of the sheet as
it passes through such rolls. - It has been found
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that by so treating the sheet or strip the small
amount of oil usually found on such sheets or
strips is quickly broken down and washed away
and that the subsequent rolls mechanically force
the phosphate solution into intimate contact with
both surfaces of the sheet or strip in such a man-
ner that the coating operation is speeded up to
an unusual degree. The method by which this
coating is provided, as distinguished from the
apparatus employed in the method, forms no part
of the present invention but comprises the sub-
ject matter of my application for Letters Patent
of the United States on Method of expediting
chemical coating on metal, filed October 13, 1944
and serially numbered 558,613.

Referring now to the accompanying drawings
it will be noted that the apparatus of the present

invention includes a centrally located tank or -

reservoir f@ integrally joined at its upper end
with forward and rearward extensions {2 form-
ing a housing and drain board portion, the lower
walls of which slope downwardly toward the cen-
tral tank 10. As indicated best in Fig. 5 the end
walls 44 of the extensions {2 terminate short of
the upper edges of the side walls 16, the side walls
16 of the tank structure along their lower margins
are each provided with a longitudinally extending
angle iron 18 the opposite ends of which termi-
nate in substantial vertical alignment with the
outer ends of the extension 12, and vertically
directed supporting legs 20 of suitable construc-
tion such, for instance, as angle irons are ex-
tended between the ends of the angle irons 18 and
the oufer ends of the extensions 2. As indi-
cated best in Fig. 5 the bottom wall of the central
tank portion 10 is stepped as indicated and suit-
able steam pipes or other heating tubes 22 are
positioned within the step so as to enable the
phosphate solution 24 within the central tank
portion 10 to be heated thereby. As indicated in
Fig. 1 o suitable distributing manifold, indicated
generally at 26 including branches 28 leading to
the individual tubes 22 and each provided with a
valve 30, is provided for supplying a heating
media to the tubes 22 and for controlling the fow
therethrough. i

Extending between opposite side walls {6 of the
tank structure over substantially the entire length
thereof are pairs of resilient rollers 32. In the
broad sense these rollers 32 may be supported in
any suitable or conventional manner between the
opposite side walls 1§ and may be resiliently urged
toward one another in any suitable or conven-
tional manner. In the particular case shown by
way of illustration and as best brought out in
Fig. 6, a supporting bar 34 extends between the
opposite side walls {6 of the fank structure and is
rigidly secured thereto at the desired location of
each pair of rolls or rollers 32. 'The rollers-32 as
best illustrated in Figs. 7 and 8 comprise a body
of resilient rubber or rubber composition mounted
on a shaft 36 and in the particular construction
shown are mounted in pairs upon a framework
supporting the shafts 36 at opposite ends and
including clamps indicated generally at 388 in
Fig. 6 by means of which each pair of rollers is
secured to the corresponding bar 34. Also as
indicated in Fig. 6 at each end of each roller the
corresponding shaft 36 has fixed thereto a long
tooth gear 40, the corresponding pairs of gears
intermeshing with one another so as to cause
equal rotation thereof. An arm 42 encircles each
shaft 36 outwardly of each of its gears 40 and the
free ends of the arms 42 are spaced by means of
a post 44 extending between them. A post or stud
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46 secured to the lower arm 42 projects upwardly
through the upper arm 42 and the studs 48 for
each pair of rollers 32 receive the opposite ends of
a bar 48 followed by a wing nut 50. A coil spring
82 surrounds each stud 46 and is maintained
under compression between the bar 48 and the
upper surface of the upper arm 42. The com-
pressive force of the spring §2 may be varied by
threading the wing nuts 58 outwardly or in-
wardly on their corresponding posts or studs 48,
and of course, act to resiliently urge the rollers
32 of each pair of rollers resiliently into contact
with respect to each other. The frame for each
pair of rollers 32 also includes a guide board 84,
best shown in Fig. 5 in advance of its correspond-
ing rollers and with its upper surface substan-
tially flush with the upper surface of the lower
roller 82 of such pair, thus to guide any article
properly between each pair of rollers. The lines
of contact between the rolls of all the pairs of
rollers preferably lie in the same horizontal plane
which is located immediately above the upper
edges of the end walls of the tank extensions (2.
The various pairs of rollers 32 are preferably
positioned in as close a relationship {o one an-
other longitudinally of the apparatus as is con-
veniently feasible. In the particular construc-
tion shown by way of illustration and with the
particular type of roller supports employed in the
construction shown, the rollers may be positioned
irom one foot to sixteen inches apart. :
As perhaps best illustrated in Figs. 3 and 4 the
shaft 36 for the lower roller of each pair of rollers
32 projects out through one side 16 of the tank
structure and outwardly of such side wall has a
sprocket 60 fixed thereto. A drive ehhin 62 over-
lies all of the sprockets 60 in meshing relation-
ship with respect thereto, turning around the end
sprockets 60 and then passing over adjustable
idler sprockets 64 and then looping around g drive
sprocket 66 mounted on & gear reduction mecha-
nism 68 driven by a suitable electric motor or the
like 10. The adjustable sprockets 64 are capable
of taking up any slack in the chain 62 caused by

5 weal or from other reasons as will be appreciated.

It will also be appreciated that rotation of the
motor T0 acting through the gear reduction €8
will drive the drive sprocket 5§68, and therefore,
the chain 62 which being in mesh with the
sprockets 60 on the lower shaft of each pair of

-rollers 32 will drive the lower rollers of each of

said pairs and, acting through the gears 40 of
each pair, will drive the upper rollers of each
pair. Consequently a sheet or strip of material
such as 100 which is introduced between the lead-
ing pair of rollers 32 will be consecutively fed
between each pair of rollers 32 in turn until it is
finally discharged from that pair of rollers 32 at
the discharge end of the apparatus.

A guard is preferably provided over the upper
run of the chain 62. As best illustrated in Figs. 8
and 4 this guard comprises an angle iron 712
arranged in protecting relation to the upper run
of the chain 62 and upper edges of the sprockets
60. The angle iron 72 is carried from an angle
iron 14, fixed to the corresponding side 16 of the
tank structure, by means of adjustable bolts or
studs 76.

In order to apply phosphate solutions to the
sheet or strips passing through the pairs of rollers
32 in the particular construction shown, a pair
of headers 80 and 82 respectively are arranged
-above the opposite sides 16 of the tank structure
and extend substantially the full length thereof.
At intervals glong the headers 80 and 82 equal to
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the spacing of the pairs of rollers 32 the header
80 is provided with downwardly extending
branches 84 and the header 82 with downwardly
extending branches 86. The branches 84, as best
shown in Fig. 4, extend downwardly below the
line of contact between the corresponding pair of
rollers 32 and then turns and extends ar nss the
tank structure as at 88. Each branch 86 as also
best illustrated in Fig. ¢ extends downwardly to
& point above the line of contact between the
corresponding pair of rollérs 32 and then extends
across the tank as at 90. Over their length the
portions 88 and 80 are provided with a plurality
of transversely aligned openings 82 therein so
that the solution delivered to the headers 80 and
82 and the various branches 84 and 86 and their

extensions 88 and 80 respectively, will be dis--

charged through the openings 92 to the sheet or
strip 160 passing through the various pairs of
rollers 32. The solution discharging from the
branch portions 90 will, of course, be delivered to
the upper surface of the sheet or strip 100 while
the solution delivered from the lower branch por-
tions 88 will be delivered to the underside of the
sheet or strip 160. These branch portions 88 and
98¢ may be arranged as indicated in Fig. 7 to de-
liver the solution directly to the surface of the
sheet or strip 100 or as illustrated in Pig. 8 may
be arranged to deliver the solution to the surface
of the corresponding rolls 32 the rotation of which
will carry the solution into contact with the cor-
responging surfaces of the sheet or strip 106. In
the last mentioned arrangement the solution hag
perhaps & better opportunity to spread out into
a film or layer substantially of uniform thickness
before being carried into contact with the sur-
faces of the sheet or strip 100 than in the first
described construction and may be preferable,
under some circumstances at least, for that
reason.

Preferably side plates 102, forming upward ex-
tensions of the tank sides {6, are provided be-
‘tween the sides of the tank structure and the
headers 80 and 82. These plates 102 not only
serve as splash guards for the solution applied
to the sheet 180 but when extended over the
headers as shown serve as shields for the headers
when carrying hot solutions.

As illustrated in Fig. 1, a pump ({0 driven by
a motor 112 is positioned adjacent the bottom end
of the central tank portion {8 and its intake side
is connected by means of a pipe {14 with the bot-
“tom portion of the tank portion 10, The dis-
charge side of the pump 10 is connected to a
pipe ({6 which branches below the lefthand tank
extension {2 into two branches {18 one of which
connects with the distributing pipe or manifold
89 and the other of which connects with the dis-
tributing pipe or manifold 82. Preferably a valve
128 is disposed in each branch 118 so as to permit
adjustment of the volume of flow of solution to
the headers 80 and 82. The solution which is thus
delivered to the upper and lower surfaces of the
sheet or strip 00 passing between the pairs of
rollers 82 drains from such sheet or strip by grav-
ity and back into the bottom of the central tank
portion 18 where it is again picked up by the
pump 110 and re-circulated.

In the operation a suitable volume of phosphate

“solution 24 is prepared and placed in the central’

tank portion 0. Such sclution may be of any
type or composition suitable for rapid produc-
tion of a phosphate bonding coat. Steam or other
heating media, is admitted to the tubes 22 and the
solution 24 brought to a desired temperature
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where necessary or desirable. The motor 10 is
then energized to effect rotation of the various
rolls 32 and the motor 142 is energized to cir-
culate the solution 24 in the manner above de-
scribed and then the strip, sheet or other article
to be treated is introduced between the frst
pair of rolls 32 and is connected through each
subsequent set of rolls 32 in turn, being wet and
preferably substantially flooded with chemical
solution 24 between each pair of rolls. The sheet,
strip or other object as it passes between each
roll is, of course, squeezed between the resilient
rolls and the chemical solution on its surface is
squeezed into intimate chemically reactive con-
tact with the surface of the sheet, strip or other
article. .

It will be appreciated that most sheets, strips
or the like ag they are received from the mill
usually have a light coating of oil thereon which
may persist fo a greater or lesser extent -even
though the sheet or strip is passed through a
cleaning solution before passing' into the coat-
ing apparatus here shown. It has been found
that the action of the first few sets of rolls 32,
in combination with the chemical solution, serves
to quickly remove this oil coating so that the

- chemical solution may thereafter more quickly
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and positively attack the surface of the sheet,
strip or other article being treated.

It should be understood however, that this ap-
paratus should not be depended upon as a clean-
ing apparatus. The metal should come to this
apparatus as clean as is reasonably practicable
and the action of the rollers then aids somewhat
in minimizing the bad effects of the foreign mat-
ter inevitably remaining on the metal surface,
The main function of the abparatus is to force
the chemical solution promptiy into chemically
reactive contact with all portions of the surface
to be coated. '

Apparatus such as shown has been employed
successfully to produce a phosphate paint-bond-
ing coat on steel stock, such -as is usually em-
ployed for making tin cans, in a coating time of
as little as 10 seconds by use of 3 coating solu-
tion of approximately the following composition.

Free acidity. 1.3
Total acidity 15,
ClOs per cent__- 2.0
n o do.___ 0.4
NOs3 do 0.4
PQqy do__.. 0.5
Cu do———.. 0.0007
PH. 2.6

The values for free and total acidity refer to
the number of cc. of N/10 sodium hydroxide re-

quired to titrate a 10 cc. sample of the solution

when methyl orange and phenolphthalein are
used, respectively, as indicators.

It will be-understood that, after the coating has
been produced, provision may. be made for first
removing the coating solution and then acid-
rinsing or otherwise treating the chemical coat-
ing in known or desired ways. It wiil be under-
stood further that while the use of the apparatus
with. a particular phosphate coating solution has
been described, any. other suitable phosphate
coating solution may be employed, and that the
apparatus is useful for applying to the surface of
sheet metal any chemical céating solution which
needs to be brought into intimate, chemically re-
active contact with the metal surface in order
to produce the desired coating promptly and
evenly.
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Where a coating is produced in as short{ a
time as a few seconds, any delay in the start-
ing of the chemical reaction on any portion of
the surface results in a thinner coating on that
portion, and the delay may easily extend to all or
such a large part of the few seconds that no ap-
preciable coating is formed on such portions. Ac-
cordingly, the action of the rolls in bringing the
solution promptly into chemically reactive con-
tact with the entire surface to be coated not only
reduces the time within which a coating of the
desired thickness can be formed, but also in-
creases the uniformity of the coating and greatly
reduces the likelihood of there being any bare

spots remaining on the surface after treatment.
* What Iclaim is:

1. Chemical coating apparatus comprising, in
combination, a tank structure, a multiplicity of
pairs of rolls arranged in closely associated rela-
tionship with respect to each other over the
major portion the length of said tank and with
the rolls of each pair extending transversely of
sald tank structure and adapted to pass a sheet
or strip of metal therebetween, each of said rolls
having & smooth unbroken surface of readily
yieldable character, means for rotating said rolls,
header means extending along the sides of said
tank adjacent the upper edge thereof, branches
extending from said header means to above and
below the path of movement of said sheets or
strips between said rolls and having means for
discharging a solution therethrough, and pump-
ing means having the suction side thereof con-
nected with the bottom of said tank structure and
the discharge side thereof connected with said
headers.

2. Chemical coating apparatus comprising, in
combination, a tank structure, a multiplicity of
pairs of rolls arranged in closely associated rela-
tionship with respect to each other over the
major portion of the length of said tank and with
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the rolls of each pair extending transversely of -

said tank structure and adapted to pass a sheet
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or strip of metal therebetween, each of said rolls
having a smooth unbroken surface of readily
yieldable character, means for rotating said rolls,
header means extending along the sides ou said
tank adjacent the upper edge thereof, branches
extending from said header means to above and
below the path of movement of said sheets or
strips between said rolls and having means for
discharging & solution therethrough, pumping
meeans having the suction side thereof connect-
ed with the bottom of said tank structure and the
discharge side thereof connected with said head-
ers, and means in the connection between said
pump and header for varying the proporticnal
flow to said headers.

3. Phosphate coating apparatus comprising, in
combination, a tank structure having a central
portion forming & reservoir and oppositely ex-
tending end portions, a multiplicity of pairs of
resilient rolls arranged in closely adjacent rela-
tionship with the rolls of each pair extending
transversely with respect to the length. of said
tank structure and the rolls of each pair resil-
iently urged toward one another, meens for driv-
ing said rolls, a header arfanged above each side
of said tank structure,-branches extending down-
wardly from one of said headers and then trans-
versely of said tank structure between each ad-
jacent pair of rolls and below the line of contact
between the rolls of said adjacent pairs of rolls,
downwardly extending branches from the other
of said headers extending downwardly and then
transversely of said tank between each adjacent
pair of rolls and above the line of contact of the
rolls of said adjacent pairs of rolls, said hori-
zontally extending portions of said branches be-
ing provided with openings therein on that side
thereof closest to a plane including the lines of
contact between the rolls of adjacent pairs of
rolls, a pump connected to said headers, and
means connecting the inlet side of said pump
with the bottom of said reservoir. .

ROBERT R. TANNER.



