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ABSTRACT OF THE DISCLOSURE

Apparatus consisting of a chamber having a two-zone
fluidized bed is utilized for quenching rod or wire in open-
coil, continrucus loop form {o obtain a metaliurgical pat-
ented structure consisting of fine pearlite, some coarse
pearlite, and very little free ferrite in high carbon steel
rod or wire.

BACKGROUND OF THE INVENTICN

The present invention relates to an improved apparatus
and method for quenching steel rod and wire after patent
annealing and, more particularly, to quenching steel rod or
wire by means of a two-zone fluidized bed.

Prior to our invention, steel rod and wire patenting
processes have historically been continuous, muliiple-
strand operations in which strands of the rod or wire were
pulled through a heating furnace and quenched in air or
molten lead. Recently developed processes modified this
operation and inciuded the steps of recoiling the hot rod
into open-coil, contimious loops, commonly termed Spen-
cerian coils, as it exited from the rod mill and then cool-
ing the rod with forced air as it was conveyed in Spencer-
jan form to a take-up station. This method produced
satisfactory patented product in steel of low carbon range
(approximately 0.20 to 0.65% carbon) but the ccoling
rate of the Spencerian coils of rod was not rapid encugh
to obtain the desired propertiss in steel of high carbon
range (0.65% and above). Thz original multiple-sirand,
lead-quench, straight-line patenting process produced a
satisfactory product in steel of such high caibon range.

In another method of processing to obtain patented
product, the rod or wire was conveyed in Spencerian form
through a gas-fired, roller hearth furnace and then threugh
a forced-flow, atmosphere-gas quanch zone, This methed
was also unsatisfactory since its cooling rate was not rapid
enough to obtain the desired patented properties in steel
of high carbon range.

Both of the above described msthods in which the
product was processed in Spencerian form were limited in
cooling capacity and therefore produced a material which
contained an excessive amount of coarse pearlite and net-
work ferrite. This resulting metailurgical structure limited
the amount of allowable cold working that cou’d be done
to the product and, consequently, produced a material with
a lower tensile strength and ductility.

SUMMARY COF THE INVENTION

Ths present invention pertains to an apparatus and
method for providing a coatroiled, relatively rapid cool-
ing rate by means of a two-zone fluidized bed to produce
a high carbon steel product having a metallurgical patented
structure comprising primarily fine pzarlite with a mini-
mum of coarse pearlite and network ferrite.

BRIEF DE3CRIPTION OF THE DRAWING

FIG. 1 is a vertical sectional view of the apparatus of
the invention;
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FIG. 2 is a cross-sectional view taken substantiaily along
the line II—i[ of FIG. 1;

FIG. 3 is an enlarged schematic plan view showing
product in Spencerian coil form being conveyed through
the two-zone fluidized bed of the apparatus of the inven-
tion; and

FIG. 4 is an enlarged sectional view of a distributor head
of the apparatus of the invention.

DESCRIPTION OF THE PREFERRED
EMEBODIMENTS

Referring more particularly to the drawing, reference
numeral 2 designates the exit end of a rod heat-ireating
furnace 3 which communicates by means of a discharge
opening 4 with the fluidized bed apparatus ¢ of the inven-
tion. A cooling vestibule 8 is provided on the exit end of
tha fluidized bed chamber 6. A roof 18 covers the exit end
of the furnace, the fluidized bed 6 and the vestibule 8.

The fluidized bed apparatus of the invention comprises
an elongated channel shape vessel 12 with a substantially
U-shape inuer shell 14 fitted therein in such a manner
that a plenum chamber 15 is defined by the boitom plate
18 of the inner shell 14, the botiom 29 of the channel 12,
vertical walis 22 and 24 of the vessel 12, and the end walls
25 of the vessel 12. A heat insulating wall 26 projects up-
wardly from the bottom of the vessel 12 intermediate its
length through the bottom plate 18 to a point short of ths
icp of the inner shell 14 to form two zenes, labeled zone
1 and zone 2, in the inner shell 14 and iwo respective com-
partments 16! and 162 in the plenum chamber 16. Each of
the zones 1 and 2 is filied with a particulate medium 27
such as silica sand to a height above the top of insulating
wall 26.

The bottom plate 18 of the shzll 14 is perforated to en-
abie air to pass from the two compartments of the plenum
chamber 16 upwards into the beds of silica sand. Each of
the perforations in the plate 18 is covered with a distribu-
tor head 28 for lateraily diverting the air that passes
through the plate 18. Radial air passageways 29 which are
provided in each of the distributor heads 28 are dimen-
sioned and arranged to provide a uniform flow of gas into
the beds and prevent backflow of the medium 27.

A blower 38 is disposed outside the wall 22 of each
of the zones 1 and 2 of the vessel adjacent the respective
compartments 16! and 162 of the plenum chamber there-
of. A conduit 32 from each blower communicates by
means of a horizontal inlet 34 in wall 22 with the com-
partment of the plenum chamber under each of the zones
1 and 2. The blower 30 connected with plenum compart-
ment 16! under zone 1 normally supplies fluidizing gas
under pressure at ambient temperature to zone 1. A com-
bustion chamber or other gas heating means (not shown
is interposed between plenum compartment 162 and its
respective blower 38 so that hot fluidizing gas under pres-
sure is supplied to zone 2. It will be understood that other
means such as heating tubes disposed between the shell
14 and the vessel 12, a direct gas flame introduced into the
plenum compartment 162, or immersion heating tubes in
the silica sand mediumn, may be used to heat zone 2 of
the fluidized bed. Peripheral cooling tubes 33 and cooling
immersion tubes may be utilized to cool zone 1 if desired.
Additional cooling of zone 1 may be obtained by introduc-
ing a water spray directly into the medium 27 from a
water source (not shown) positioned above zone 1 of
the fluidized bed.

Normally the apparatus of the invention is arranged in
combination with a controlled-atmosphere heating fur-
nace with zone 1 adjacent to the exit end 2 of the furnace
from which rod is conveyed in Spencerian form. However,
it will be understood that the apparatus of the invention
is not restricted to use with a heating furnace but may
also be used in conjunction with a rod relling mill, for



3,615,083

3
example, from which the rolled rod is conveyed in Spen-
cerian form.

An open-chain type conveyor 36 surrounds the vessel
12 with the load-bearing upper flight 38 of the conveyor
positioned longitudinally across the top of the vessel 12
with the majority of its length immersed in the medium
27. The insulating wall 26 which separates zones 1 and 2
may support the upper flight 38 of the conveyor 36 so that
the pass line of the conveyor is maintained at a constant
elevation in the adjacent areas of zones 1 and 2. Vertical
insulating curtains 40 suspended from the roof 1¢ may
be provided to minimize heat losses.

The apparatus of the invention may also be used in
combination with furnace 3 to accommodate the use of
a common protective atmospheric gas such as exothermic
gas. Such gas would be continuously circulated by blowers
30 through inlets 34 into zones I and 2 and then into out-
lets 42 provided in the roof '10. The outlets would be con-
nected with the blowers 30 so as to provide circulation
of the gas. If a common atmospheric gas is used, the use
of a direct gas flame as a source of heat in the plenum
compartment 162 of zone 2 and of a water spray to cool
zone 1 are precluded.

As best shown in FIG. 3, stationary guides 44 may be
provided affixed to the upper portions of the inner walls
of the shell 14 in zone 1. The guides project inwardly
toward the upper flight 38 of the conveyor 36 and ter-
minate slightly short of contact therewith. The stationary
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feet per minute is required to accommodate this amount
of material in Spencerian form of 36 inch diameter con-
tinuous loops with a 2 inch offset between loops. A fluid-
ized bed having two equal zone lengths of a total effective
length of 8 feet provides approximately 34 seconds of
quenching time and an equal time for transformation. For
a size range of 0.100 to 0.300 inch diameter, the times
in each zone vary from 13 seconds to 53 seconds which is
within the time-temperature requirement when operating
at the normal 1000° F. transformation temperature. When
operating at a capacity of 3000 pounds per hour, approxi-
mately 700,000 B.t.u./hr. must be extracted from zone
1 and approximately 300,000 B.t.u./hr. must be added to
zone 2.

In laboratory tests to verify the effectiveness of the
quenching apparatus and method of the invention to ob-
tain a desirable metallurgical patented structure, two 20
inch square, 1334 inch deep fluidized bed zones were used.
50-mesh banding sand was the fluidizing medium, and the
fluidizing gas was air. The bed zones were heated by elec-
trical globar elements mounted externally on two sides of
the bed shell. Zone 1 of the bed was operated at 400° F.
flow velocity through each zone of the bed was maintained
and zone 2 of the bed was operated at 970° F. The air
at 0.4 feet per second. The test material was 0.228 inch
diameter rod of AISI 1065 stock. The test material was
heated to 1750° F. before quenching. The following re-
sults were obtained: .

Ultimate Percent
" tenstil116 reductior}

streng of
Quenching method Time p.s.i’. area Structure
Fluidized bed....____... {%ggg ;’ gg ggg'"} 154, 000 54.8 Fine pearlite, some coarse pearlite, very little free ferrite.

A -

1,000° F.Jead . _...._.__. ([0 S 153, 000 54.3 TFine pearlite, some coarse pearlite, some free ferrite.
Adr (70° F.) e 134, 000 48.0 Coarse pearlite, some fine pearlite, free ferrite.

guides 44 cause the loops of rod traveling in Spencerian
form to shift laterally as they are conveyed through zone
1. Such shifting allows a more uniform quench by ex-
posing previously overlapped portions of the rod loops.

In operation, rod R is conveyed in Spencerian form
from the exit end 2 of the furnace 3 and into zone 1 of
the fluidized bed apparatus of the invention. Prior to being
conveyed into zone 1, rod R has been heated in furnace
3 to approximately 1750° F. for a sufficient time to allow
carbon in the rod to go into solid solution. As the rod
in Spencerian form enters zone 1, it is at or above the
critical temperature, approximately 1400° F., at which
temperature transformation begins. The temperature of
the fluidized medium 27 in zone 1 must be maintained in
a range between 200 and 600° F. to obtain a maximum
quench rate through the critical temperature range be-
tween 1400 and 1000° F. Transformation can be retarded
up to 60 seconds by rapid quench through the aforemen-
tioned critical temperature range but the temperature of
the rod should be maintained above approximately 500°
F. since undesirable martensite may form at temperatures
below 500° F. The rod in Spencerian form is then con-
veyed by the upper flight 38 of the conveyor through zone
2 wherein transformation occurs under controlled time-
temperature conditions, which may vary from 60 seconds
at 850° F. to 10 seconds at 1000° F. The rod is then dis-
charged from conveyor 36 onto a conveyor 46 which
carries the rod through the vestibule 8 where it cools at
an uncontrolled rate to ambient temperature.

The speed of conveyor 36 must be compatible with the
material feed rate through the furnace 3. The conveyor
speed and the feed rate through the furnace dictate the
length of the fluidized bed of the apparatus required to
meet the desired time-temperature conditions. For ex-
ample, a 3000-pound-per-hour capacity furnace will proc-
ess a 0.228 inch diameter rod at a strand speed of 360
feet per minute. A conveyor speed of approximately 7
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Although the apparatus and method of the invention
have been described as used for producing an optimum
metallurgical patented structure containing essentially fine
pearlite, other beneficial results may be achieved. For
example, rapid cooling of a low carbon rod in Spencerian
form after hot rolling results in a minimum formation of
scale thereon. Such scale consists essentially of the lower
oxide of iron (FeO), which is easily removed chemically
or by reverse-bend descaling.

Overlapping of continuous individual loops of rod
conveyed in Spencerian form causes a concentration of
metal along the outside edges. Such overlapping produces
a shielding effect which causes the heat transfer rate to be
lowered at the outside edges. To offset this effect the heat
transfer rate can be increased by increasing the gas flow
through the fluidized beds above that required for mini-
mum fluidization. Such increased gas flow rate induces
more movement within the fluidized medium which tends
to separate the loops at the crossover points and to allow
the medium to flow between the loops.

Thus it will be seen that the method and apparatus
of the invention provide a rapid and controlled quenching
of steel rod and the like as the rod is continuously con-
veyed in Spencerian form through a two-zone fluidized
bed to produce high carbon product containing essentially
fine pearlite and a minimum of scale, composed primarily
of FeO.

We claim:

1. Apparatus for quenching steel rod and the like com-
prising a substantially closed chamber having an entry
aperture at one end and an exit aperture at its other end,
a fluidized bed in said chamber between said entry aper-
ture and said exit aperture, a first zone in said fluidized
bed adjacent said entry aperture, a second zone in said
fluidized bed between said first zone and said exit aper-
ture, a heat-insulating wall in said chamber upstanding
between said first and second zones of said fluidized bed,
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said wall projecting upwardly from the bottom of said
chamber and terminating short of the upper surfaces of
said fluidized bed zones, an endless conveyor having a
load-bearing upper flight disposed for travel of said upper
flight through said chamber from said entry aperture to
said exit aperture, a portion of said upper flight of said
conveyor being disposed below the upper surfaces of said
fluidized bed zones and above said insulating wall as it
travels through said chamber.

2. Apparatus as defined by claim 1 in which the bottom
of each of said fluidized bed zones is formed of a per-
forated plate, the perforations in said plates each being
capped by a distributor head having radially directed air
passageways therethrough.

10

6

heat transfer means connected with said first and second
zones of said fluidized bed.
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