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The present invention relates to continuous strip heat-
ing furnaces such as those used for annealing strip brass
or for brightening tin plate, and more particularly to a
furnace in which steam is used as a heating medium.

In the continuous heating of strip metal such as the
brightening of tin plate stock, for example, it is desired
to bring the strip up to temperature rapidly, and to keep
it at the required temperature for a relatively short period
of time. If the strip is kept at a temperature where the
tin is melted for too long 4 time, the tin coating will alloy
with the steel base to such an extent that the quality of
the finished strip is lowered.

In previous furnaces for brightening the surface of tin
plate it has been difficult to control exactly the point
where the tin melted and began to flow.. Consequently
in many cases the tin has been liquid for too long or too
short a time. In the first ¢ase the quality of the strip
was lowered due to alloying, as mentioned above, and -in
the second, the tin did not flow suﬂimently to produce
a bright, smooth surface.

Also, it has been difficult to heat evenly brass strip
and tin plate, for example, because of the different heat
absorbing characteristics of the sheet. as its color varied
due to dark spots or streaks or the like.

Tt is an object of the invention to provide a method
and apparatus for accurately and rapidly heating strip
metal to a desired temperature and evenly throughout its
area.

Tt is a Turther object of the invention to provide ap-
paratus for continuously brightening tinned strip. A fur-
ther object of the invention is to use high temperature
steam as a convection heating medium in the continuous
heating of strip metal.

An additional object of the invention is to provide ap-
paratus for brightening tin plate strip material in such
a manner that the tin is melted and flows to a smooth,
shiny surface immediately before it leaves the heating
apparatus, and is quenched to solidify the tin shortly
thereafter, ‘The apparatus is operated. in such a fashion
that the tin is not molten long enough to alloy an unde-
sirable amount with the base metal.

In accordance with the present invention the strip is
moved vertically downward through a furnace chamber.
As the strip is moved, in one form of the invention, it is
heated by radiant heat and the convection heat produced
by hot products of combustion to a point just below the
point at which the tin coating will melt. The strip then
has its temperature quickly raised<to a point where the
tin- will flow by convection heat produced by a blast of
superheated steam. - ‘The heating effect of the steam can
be readily controlled, and is considerably greater than
that of lighter gases because of its greater density.
Shortly after the tin is melted the strip is cooled to set
it, before it is brought into contact with any surface.

In another form of the invention all of the heating
is accomplished by a plurality of blasts or jets of super-
heated steam that ‘are projected directly and at high
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velocity against the surfaces of a continuously moving
stri]

'IPhe invention will be described as it is used for the
brightening of tin plate stock. It will be obvious, how-
ever, that the invention can be used to advantage in heat-
ing other types of strip material such as brass, for example.

The various features of novelty which characterize my
invention are pointed out with particularity in the claims
annexed to and forming a part of this specification. For
a better understanding of the invention, however, its ad-
vantages and specific objects attained with its use, refer-
ence should be had to the accompanying drawings and
descriptive matter in which I have illustrated and de-
scribed a preferred embodiment of the invention.

In the drawings:

Fig. 1 is a“vertical section view of one form of the
invention,

Fig. 2 is a section view showing in perspective the steam

. distributing device,
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Fig. 3 is a section view of a modified form of the in-
vention, and

Fig. 4 is a section view of a modified form of the
steam distributing device.

Referring to Figs. 1 and 2 of the drawing, there is
shown a furnace 1 having a chamber 2 through which a
strip 3 is moved downwardly in a vertical direction into
a quench tank 4. ‘The strip is guided by rollers 5 through
this tank to a point at which it can be cut into lengths or
coiled as desired.

The furnace can be similar in construction to that shown
in Patent 2,573,019, issued October 30, 1951, to the
present applicant, and has a vertlcally elongated chamber
that is substantially rectangular in section with the rec-
tangle having a length slightly greater than the width of
the strip to be heated. Furnaces of this type include a
metal backing 6 that is lined with refractory material 7.
The opposed walls of the furnace.are provided with a
plurality of horizontal rows of burners 8. These burners
are each provided with a cup-shaped depression 9 formed
on the surface of the furnace wall into which a com-
bustible mixture of the fuel and air is discharged by a dis-
tributor 11. The distributors are connected preferably
to a manifold 10 for each row of burners, and the mani-
folds are connected to a common supply of fuel mixture.
Generally a valve is placed in the supply line to each
manifold, and between the manifolds and each burner
so that the pattern of heat supply can be easily adjusted.
The fuel and air mixture is discharged in a plurality of
substantially radially directed jets which burn along the
surface of the cup to heat the same to incandescence.
Heat is imparted to the strip in the form of radiant heat
from the cups of the burners, and in the form of convec-
tion heat from the hot produects of combustion. If desired
the opposite sides of the furnace can be made separately
so that they can be moved relative to each other away
from the strip in order to provide access to the furnace
chamber for maintenance and repair.

At the lower end of the furnace, and immediately ad-
jacent to the exit thereof, there is provided a pair of steam
ejector devices 12 which are adapted to discharge high
velocity blasts of superheated steam in the form of a sheet
against the surfaces of the strip to bring the strip to the
final desired temperature. As shown herein, devices 12
are located outside what could be considered the furnace
chamber proper, but they could be located within the
chamber if desired. It is only necessary that the strip be
beyond the burners before it passes in front of devices 12.
Each of the steam ejector devices is elongated, as shown
in Fig. 2, and extends across the furnace for a width at
least equal to the width of the strip being treated. The
construction of these ejector devices is shown in detail
in Fig. 2.
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Bach of the ejector devices is identical and is provided
with an elongated casing 13 that serves as a manifold an.d
which extends for the full length thereof. The casing is
provided along its rear with a plurality of inlets 14 for
a gas-air mixture. The outer edges of this casing are pro-
vided -with shoulders-that locate an inlet screen formed
of -a plurality. of face to face ceramic plates 15. Bach
plate is provided on-one face thereof with a plurality of
grooves 16 which cooperate with a flat face of the next
adjacent plate to provide a plurality of passages through
which the gas-air mixture can flow. It is noted that the
plates 15 are provided on their rear edges with shoulders
17 that are received in the shoulders on the base. casing.
The jets of gas and air discharged through passages 16
flow into .an elongated combustion chamber 2¢ formed
by a pair of refractory plates 18. These plates bend to-
ward each other at their outer ends as best shown in the
drawing to provide a combustion chamber which has a
restricted discharge slot 21. Plates 15 are held in posi-
tion: against casing 13 by elongated metal strips 19, and
the- refractory walls 18 .of the combustion chamber 20
are held in position by a hollow upper casing 22 and a
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hollow lower casing 24. - Screws are provided which ex-~

tend through flanges on the casing 13, through strips 19,
and -into- a ‘back wall of the casings 22 and 24, respec-
tively, in order to hold the parts-in assembled relation
as shown in Fig. 2.of the drawings. -

Casing 22 is hollow and-is provided with a plurality of

inlets 23 for steam while the casing 24 is hollow and is
provided with a plurality of inlets 25 for steam. The
casings 22 and 24 act as a steam jacket for combustion
chamber walls 18. Steam that is supplied to the hollow
casings is exhausted through a plurality of ports 26 which
extend along the edges of a slot 27 that is aligned with ex-
haust slot 21 of combustion chamber 20 of the device. If
it is desired or found to be necessary baffles can be placed
in the interior of the combustion chamber and in the
interior of the casings 22 and 24 in order to give them
added strength and to insure the proper distribution of
the fluids that pass therethrough. It is also noted that
valves 28 and 29 are used to control the flow of steam
respectively into the casings 23 and 25 while a valve 24
is used to control the flow of combustible mixture into
the casing 13. :

The supply of fuel and gas to the burners 8 comés
from a series of pipes and manifolds which are so ar-
ranged that the burners in the various rows on opposite
sides of the furnace can be individually adjusted as de-
sired. Thus each row of burners through its manifold,
can be adjusted to give a desired amount of heat so that
the ‘entire set of burners will heat the strip to the proper
temperature by the time it reaches the bottom of chamber
2. 'Fuel in the form of a combustible mixture of gas and
air is supplied to the casings 13 of devices 12, and passes
through passages 16 in the screen 15 to the combustion
chamber 20 of these devices. ‘At this point the fuel mix-
tare is burned’ completely ‘and the hot products of com-
bustion are discharged -at high temperature and high ve-
locity through the restricted outlet 21. Simultaneously,

" steam is supplied through the inlets 23 and 25 respec-
tively, at a rate determined by the opening of valves 28
and 29. This steam is heated by the heat conducted
through the walls 18 of the combustion chamber and is
discharged - substantially as a jet through openings 26
across. the exhaust-opening 21. At this point the hot
products of combustion, which are in the neighborhood
of 3,000° F., strike the steam and superheat it to a high
degree. 'The hot produets of combustion also force the
steam at high velocity against the strip where the steam
will give up some of its heat to the strip.

In the operation of the apparatus a strip, as electro-
plated strip stec! used in the making of tin plate, is
moved downwardly through the- furnace chamber and
past the outlets 27 of devices 12.  The burners 8. of the
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furnace -are so adjusted that the strip during its travel in
front of them will be raised to a temperature slightly
below the temperature (between 15 and 25° F.) at which
the tin coating on the strip will be melted. As this pre-
heated strip passes in front of the devices 12, the super-
heated steam will strike the strip and raise its temperature
almost instantaneously to a temperature above which the
tin will be melted. This temperature will be approxi-
mately 470° F. The tin will therefore be raised to its
melting point at a given position with respect to the level
of the quench tank. . Thus the tin will be melted a pre-
determined length of time before it is quenched.-

The high rate at which heat can be transferred from

‘the steam to ‘the ‘Strip permits thé construction of ap-

paratus in which a definite point of melting of the tin
is possible. By locating the quench tank a given dis-
tance below the steam discharge devices, the necessary
time required for the tin to flow smoothly into a bright,
shiny surface.can be obtained without the indeterminate
time required in other types of tin flowing apparatus.
The fact that the tin remains melted for only so long
as is required for it to flow evenly insures that unde-
sirable alloying with the base metal will not take place.
The steam will éncase the strip to protect its surface be-
tween the time- thie tin is melted and is quenched. Some
of the steam will flow into the furnace chainber and, be-
cause ‘of its density, will ‘creaté an atmosphere that will
increase the rate of heat transfer to the strip. For
some metals water vapor in the furnace chamber may
be detrimental. This is-not the case, however, for tin-
plate or brass. o

The embodiment disclosed in Fig. 3 of the drawings
accomplishes the same result as that disclosed in Fig, 1
and described above. This form of the invention differs
from the ome previously described, however, in that all
of the heating of the strip is accomplished by the steam
cjector devices 12. As shown in Fig. 3, there are a
plurality, in this case four, of the steam ejector devices
extending across each side of the strip. The actual nuri-
ber of devices used will vary depending upon the speed
of travel of the strip; . These devices are identical to that
disclosed in Fig. 2, except that the steam ‘casings adja-
cent to each other in the top three devices -on €ach side

of the strip are shown as being supplied by asingle -

supply pipe 32. The bottom device on each side of the
strip. has both the upper’ and lower steam casings sup-
plied by individual steam supplies as did the ejector
devices in Fig. 1. "Thé devices are mounted in a furnace
structure similar to that shown in connection with Fig. 1,
in that there is provided a sheet metal backing 6 and re-
fractory. material 7 forming the lining of the furnace
chamber. It will be seen that there is an elongated fur-
fhace chamber which has projecting toward each side of
the strip to be heated, a plurality of the steam ejecting
devices. . ) :

In the operation of this embodiment the supplies of
steam and. fuel mixture to.the upper three steam ejecting
devices on each side are adjusted to raise the temperature
of the strip to a point just below that at which the tin

coating- will. be melted. ~These devices can. be adjusted
together or individually to give a heating value ‘that will

be- coordinated with the speed of the strip in order to
raise the temperature of the sirip to the proper value
slightly-below the melting point of the tin. The. final

devices, as.in the embodiment of Fig. 1, raise the tem-

perature of the strip to approximately 470° F., or slightly
above the melting point of tin, so that the tin will flow
smoothly into -a bright surface prior to the time it is
solidified in the quench tank 4. It is intended that the
supplies of fuel and steam to the bottom devices should be
adjusted individually to give the correct temperature to
the ‘strip., -

Another form that the steam ejector devices can take
is disclosed in Fig. 4 of the drawings. In this form there
is provided a base casing. 34 into which the combustible
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mixture of air and gas is supplied. This. casing is pro-
vided with shoulders to receive the shoulders 35 on the
edges of a screen formed of plates 36 that are similar to
the plates 15 in the form of the invention shown in Fig. 2.
These plates are also provided with grooves 37 on one
face thereof that will cooperate with a flat face of the
next adjacent plate to form passages through which the

fuel mixture can flow. Various of these plates are also

provided with additional passages indicated at 38 through
which a pipe will extend for a purpose indicated below.
The various plates are held against the shoulder of casings
34 by means of metal strips 39 that extend along the
device. To the right of the plates 36 there is provided a
pair of refractory plates 41 which serve to form a com-
bustion chamber 42 that has a restricted outlet 43. These
plates are held in position by a pair of casings 44 as best
shown in the drawings. Each casing 44 is attached to

strips 32 and the casing 34 to hold the entire assembly to--

gether by means of suitable bolts 45 which extend through
flanges on the casing 34, strips 39, and flanges on the
casings 44.

The casings 44 preferably in communication at their
ends, and, if desired, at some intermediate point so that
they form a steam jacket around the combustion chamber.
Steam is supplied to the casing 44 through one or more
pipes 46 and passes through the lower and the upper
casings to be discharged through one of a series of outlet
pipes 47 that are located at various points along the length
of the device, These outlet pipes connect with a mani-
fold 48 so that the steam which is supplied through inlet
46, and which is additionally heated by the heat trans-
mitted from the combustion chamber through the refrac-
tory walls 41, is collected in the manifold 48. A plurality
of pipes 49 are connécted with the manifold 48 and
extend through the back of casing 34 and openings 38
provided in the plates 36 into the combustion chamber
to a point adjacent to exhaust opening 43. Thus the
steam is surrounded by the hot products of combustion as
they are discharged through opening 43 against the surface
of the strip. These hot products of combustion further
superheat the steam and increase its velocity so that it is
projected against theé surface of the strip as a sheet with
quite a bit of force. Thus the rate of heat transfer from
the steam to the strip is high.

From the above description it will be seen that I have
provided apparatus for heating a strip of material which
apparatus is particularly adapted for the flowing of tin
on tin plate. The strip is heated in a plurality of steps
with the first step raising the temperature of the strip to
a point just below the melting point of the tin. The
second step is used to bring the strip temperature above
the melting point of the tin coating at a particular point
in its path of travel and is accomplished by a high tem-
perature, high velocity jet of steam which impinges upon
the surface of the strip. The relatively great heat transfer
that is obtained by the use of superheated steam insures
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that the strip temperature will be raised rapidly and uni-
formly to the desired value. The steam also serves to
encase the strip and prevent any oxidation on the surface
thereof.

While in accordance with the provisions of the statutes,
T have illustrated and described the best form of embodi-
ment of my invention now known to me, it will be ap-
parent to those skilled in the art that changes may be
made in the form of the apparatus disclosed without de-
parting from the spirit and scope of the invention set
forth in the appended claims, and that in some cases
certain features of my invention may be used to advantage
without ‘a corresponding use of other features.

What is claimed is:

1. The method of heating continuously bright tin plate
strip metal which comprises moving the strip through a
path, applying radiant heat to opposite sides of the strip
to raise its temperature to a degree slightly below the
temperature at which tin melts, and discharging super-
heated steam at high velocity in a sheet against opposite
sides of the strip at a fixed line across the strip at a loca-
tion in said path beyond the point at which the radiant
heat has been applied thereto, and before any appreciable
loss of the radiant heat from the strip can take place, to
bring the strip rapidly to a temperature above the melting
point of tin.

2. The method of claim 1 including the step of quench-
ing the strip continuously a predetermined time after it
has been brought to its final desired temperature.

3. The method of heating continuously bright non-
ferrous strip metal which comprises moving the strip
through a path, applying radiant heat to opposite sides
of the strip to raise its temperature to a degree slightly
below the annealing temperature of the strip, and dis-
charging superheated steam at high velocity in a sheet
against opposite sides of the strip at a fixed line across the
strip at a location in said path beyond the point at which
the radiant heat has been applied thereto, and before
any appreciable loss of radiant heat from the strip can
take place, to bring the strip to its annealing temperature.
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