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@ Method and apparatus for heat treating metal casting.

@ An improved method and apparatus for heat
treating metal castings with sand cores provides for
removal of the sand core and recovery of the sand
core material for reuse. The method and apparatus
eliminate the need for removing the sand core from
the casting prior to heat treatment and thus eliminate
the labor, expense, and possible damage to the
casting incidental to conventional core removal tech-
niques such as chiseling and shaking. The method
involves heating the casting with sand core therein to
a temperature sufficient to burn off the binder com-
ponent of the sand core. The sand comprising the
sand core is then blown out of the casting by direct-
ing a flow of air over the workpiece. The sand thus
dislodged is then collected for reuse. According fo
the disclosed apparatus, the castings are heated in a
furnace (11) having fans (44) for directing a flow of
air over the workpieces. The sand dislodged from
the castings falls into a frough (50) in the lower
portion of the furnace, where it is collected and
conveyed to a central collection (60) bin for reuse. In
another aspect of the disclosed apparatus, the cast-
ings are subsequently immersed in a quench tank.
The quench tank includes agitation means for agitat-

ing water over the castings to dislodge remaining
sand. The sand falls to the bottom of the tank, where
the sand and a portion of the water are removed
from the tank. A major portion of the water is then
removed from the sand so that the sand can be
reused.
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Technical Field

The present invention relates generally fo
methods and apparatus for heat freating hollow
metal castings, and relates more specifically to an
improved method and apparatus for heat treating
metal castings with sand cores which provides for
removal of the sand core and for recovery of the
sand core material for reuse.

Background of the Invention

Methods and apparatus for manufacturing hol-
low metal castings such as cylinder heads, engine
blocks, and the like are well known. Conventional
prior art processes for manufacturing aluminum
castings typically employ a cast iron "flask-type"
mold having the exterior features of the block
formed on the interior walls of the mold. A sand
core, pre-molded from a mixture of sand and an
organic binder and having interior features of the
casting formed on by its exterior surface, is placed
within the mold. The mold is then filled with molten
aluminum alloy.

After the aluminum alloy has solidified, the
casting is removed from the mold. Because un-
tfreated aluminum alloys may be softer or less
strong than desired, it is often necessary to heat
treat the casting to strengthen or harden the metal.
According to conventional manufacturing pro-
cesses, before the casting is heat treated, the sand
is removed from the interior of the casting. An
operator chisels the sand out of the interior of the
workpiece with a pneumatic chisel. The casting
may then be fed into a "shakeout" system, a
vibrating table which agitates the casting to further
break up the sand and dislodge it from the interior
of the casting. When the sand has been removed,
the casting is heat-treated in a conventional man-
ner by heating the casting to a high temperature
and then quenching the casting. Optionally, the
casting may further be heated at a lower tempera-
ture to "age" the aluminum alloy.

If it is then desired to recover the sand re-
moved from the interior of the casting for subse-
quent reuse, additional steps must be taken to
process the sand. The sand removed by chiseling
and shaking the casting is fed into a sand burnout
unit to burn off the binders.

Prior art processes for manufacturing aluminum
alloy castings suffer a number of disadvantages.
The steps of removing the sand from the interior of
the casting by chiseling and shaking not infre-
quently result in damage or scarring to the as-then
unhardened aluminum alloy. Further, the shakeout
process must be carried out manually and is thus
labor-intensive, thereby increasing the expense of
the manufacturing process. Also, the additional
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steps required to salvage the sand for reuse are
time-consuming and require additional labor and
equipment expense. The sand recovery process is
costly and presents certain environmental problems
concerning the handling of the binder waste pro-
ducts.

Efforts have been made to overcome some of
the disadvantages associated with prior art meth-
ods and apparatus for sand-casting metal objects.
One example is disclosed in U.S. Patent No.
4,411,709, wherein a method for the manufacture
of aluminum alloy castings comprises pouring a
molten aluminum alloy into a mold having therein a
sand core formed from sand and an organic resin
binder. After the alloy solidifies, the casting is shak-
en or vibrated to destroy the core, and approxi-
mately half of the sand used to form the core can
readily be removed from the casting. Subsequent-
ly, the casting is heated, and the organic resin
binder in the remaining portion of the sand core is
burned off. The sand is thus unbonded such that
about 80% of the remaining sand (approximately
40% of the tfotal core sand) falls from the casting
by force of gravity. Thereafter, the casting is
quenched in a water bath, and the remaining sand
in the casting is removed by flowing water through
the casting.

While the method disclosed in the aforemen-
tioned U.S. Patent No. 4,411,709 affords certain
benefits over the prior art by eliminating the pro-
cess of vibrating the sand core from the casting, it
still suffers certain disadvantages in that it does not
eliminate the requirement for shaking or agitating
the casting prior to heat treating, nor does it elimi-
nate the additional processing steps needed to
recover the sand for subsequent reuse. The afore-
mentioned patent also does not include an age
hardening process for increasing the hardness of
the metal. Further, since the method disclosed in
the aforementioned U.S. Patent No. 4,411,709 re-
lies upon force of gravity to remove the sand from
the casting, sand will remain on flat and upwardly
concave surfaces after the binder has burned off.

Summary of the Invention

As will be seen, the present invention over-
comes these and other disadvantages associated
with prior art casting processes. Stated generally,
the present invention provides an improved method
and apparatus for heat treating metal castings with
sand cores which provides for removal of the sand
core and recovery of the sand core material for
reuse. The method and apparatus of the present
invention eliminates the need for chiseling or shak-
ing the casting prior o heat treating, thereby elimi-
nating the possibility of damage associated with
those steps. In addition, the present invention re-
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covers the sand in a clean state.

Stated more specifically, the present invention
comprises an apparatus for heat treating a metal
casting having a sand core comprising sand bound
by a binder. A furnace includes a work chamber for
receiving the casting therewithin. A heating means
heats the work chamber such that the casting and
its sand core are heated to a temperature sufficient
to combust the binder of the sand core. Thus, the
binder is burned off, leaving only the sand of the
sand core. The apparatus further includes an air-
flow means for directing a flow of air over the
casting so as to dislodge a portion of the sand from
the casting. A means, for example a screen, dis-
posed within the work chamber retains portions of
the sand core which may become dislodged from
said casting prior to the binder being combusted
therefrom. A means operatively associated with the
furnace collects the sand which is dislodged from
the casting. The sand thus collected is free of
binder material and is suitable for reuse.

In another aspect, the apparatus of the present
invention comprises a quench tank for containing
water into which the heated casting is submerged.
The tank includes an agitation means for agitating
the water so as to dislodge sand remaining in the
casting. A collection means operatively associated
with the tank removes the dislodged sand and a
portion of the water from the tank and separates a
major portion of the water from the sand.

Another aspect of the invention comprises a
method for heat treating a metal casting having a
sand core comprising sand bound by a binder. The
casting with sand core therewithin is heated to a
temperature sufficient to combust the binder of the
sand core. Thus, the binder is burned off, leaving
only the sand of the sand core. Next, a flow of air
is directed over the casting so as to dislodge a
portion of the sand from the casting. Clumps of
sand core material which become dislodged from
said casting prior to the binder material being com-
busted therefrom are captured and retained within
the furnace to permit the binder material to be
combusted therefrom. The sand dislodged from the
casting is then collected, the sand thus collected
being free of binder material and suitable for reuse.

Thus, it is an object of the present invention to
provide an improved method and apparatus for
heat freating metal castings.

It is another object of the present invention to
provide an improved method and apparatus for
removing the sand cores from metal castings.

Another object of the present invention is to
provide a method and apparatus which removes
the sand core from a metal casting which mini-
mizes the risk of damage resulting to the casting.

It is a further object of the present invention to
provide a method and apparatus for removing the
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sand core from a metal casting which requires less
labor and expense than conventional methods and
apparatus.

Yet another object of the present invention is to
provide a method and apparatus for removing a
sand core from a casting which recovers the core
material in a state suitable for reuse, thereby elimi-
nating the need for additional processing of the
recovered sand.

Other objects, features, and advantages of the
present invention will become apparent upon read-
ing the following specification, when taken in con-
junction with the drawings and the appended
claims.

Brief Description of the Drawings

Fig. 1 is a top plan view of a first embodiment
of an apparatus for heat treating, quenching, and
aging metal castings according to the present in-
vention.

Fig. 2 is a side cut-away view of the heat
treating furnace of the apparatus of Fig. 1.

Fig. 3 is an end cut-away view of the heat
treating furnace of Fig. 2.

Fig. 4 is a side cut-away view of the quench
tank of the apparatus of Fig. 1.

Fig. 5 is an end cut-away view of the aging
oven of the apparatus of Fig. 1.

Fig. 6 is a side cut-away view of an alternate
embodiment of an apparatus for heat freating,
quenching, and aging metal castings according fo
the present invention.

Detailed Description of the Disclosed Embodi-
ment

Referring now to the drawings, in which like
numerals indicate like elements throughout the sev-
eral views, Fig. 1 shows an apparatus 10 for heat-
treating and aging metal castings according to the
present invention. In the disclosed embodiment,
the metal castings are cylinder heads which are
cast from an aluminum alloy in a conventional
manner. The casting process is well known to
those skilled in the art and comprises no part of the
present invention. Accordingly, the casting process
will be described only briefly.

The casting process employs a cast iron flask-
type mold having the exterior features of the cyl-
inder head formed on its interior surfaces. A sand
core comprised of sand and a suitable binder ma-
terial and defining the interior features of the cast-
ing is placed within the mold. Depending upon the
application, the binder may comprise a phenolic
resin binder, a phenolic urethane "cold box" bind-
er, or other suitable organic binder material. The
mold is then filled with a molten aluminum alloy.
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When the alloy has solidified, the casting is re-
moved from the mold and is now ready for heat
treating and aging.

The heat treating and aging apparatus com-
prises a heat treating furnace 11, a quench tank 12,
and an aging oven 13. In the disclosed embodi-
ment, these three components are laid out in a "U"
shaped configuration, with the heat treating furnace
11 comprising one leg of the "U", the quench tank
12 comprising the base of the "U", and the aging
oven 13 comprising the other leg of the "U". How-
ever, other configurations, such as an in-line con-
figuration or an L-shaped alignment, may be em-
ployed as space constraints may dictate.

Referring now to Figs. 2 and 3, the heat treat-
ing furnace 11 defines a work chamber 15 there-
within. The furnace 11 comprises a number of
different zones 16, the nature and purpose of which
will become apparent. In the disclosed embodi-
ment, the furnace comprises eight zones, desig-
nated by the reference numerals 16A-H. However,
the number of zones 16 is not crucial, and the
furnace may be divided into a greater or lesser
number of zones as the individual application may
require.

Within each zone of the furnace 11, a pair of
burners 18 are mounted in the vertical side walls
19 and are diagonally disposed to fire in opposite
directions to heat the work chamber 15 of the
furnace. The burners 18 are conventional medium
velocity, tempered air burners which are commer-
cially available from a number of different manufac-
turers. As can be seen in Fig. 3, each burner 18
includes a fuel line 20 for supplying natural gas to
the burner. A combustion air blower 21 in commu-
nication with the burner by means of an air line 22
supplies combustion air to the burner. A butterfly
valve 23 located within the air line 22 is adjustable
to control the volume of air delivered to the burner
18.

The burners 18 are designed to heat the work
chamber 15 of the furnace 11 to a temperature of
approximately 850°-1000°F. In the disclosed em-
bodiment, the work chamber 15 is heated to a
temperature of approximately 980°F. The butterfly
valves 23 for the first zone 16A and the fourth
through eighth zones 16D-H are adjusted to intro-
duce 10-13% oxygen to their respective burners
18. The butterfly valves 23 for the second and third
zones 16B, 16C are adjusted to introduce 13-17%
oxygen to their respective burners 18. The function
and purpose of controlling the amount of oxygen
delivered to the various zones 16 will be explained
below.

The furnace 11 further includes a preheat
chamber 24 disposed upline of the heating zones
16. Exhaust gases from the heating zones 16 are
directed through the preheat chamber 24 and heat
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the chamber to a temperature of approximately
500°-700°F. By utilizing waste gases rather than
burners to heat the preheat chamber 24, consider-
able energy savings are realized. The furnace 11
has an input door 25 at its upper end 26 and a
discharge door 27 at its lower end 28. Another door
29 separates the preheat chamber 24 from the
heating zones 16. To inhibit the loss of heat
through the furnace walls, a layer of ceramic fiber
insulation 30 is disposed just inside the outer fur-
nace walls 31. A metal liner 32 is disposed on the
inner side of the ceramic fiber insulation. The pur-
pose of the metal liner 32 is to protect the insula-
tion 31 from the abrasive effects of flying sand, as
will be more fully explained below.

Within the work chamber 15 of the furnace 11
is a roller hearth 34 comprising a plurality of driven
rollers 36 for supporting and conveying workpieces
through the furnace in a direction of travel indicated
by the arrow 38. The roller hearth 34 and drive
mechanism for driving the rollers 36 are of conven-
tional design well known to those skilled in the art.
At the entry and exit locations of the furnace 11,
the roller hearth 34 comprises high speed clutch
actuated rollers for transporting the workpieces rap-
idly into and out of the furnace. In addition, the
portion of the roller hearth 34 which transports the
workpieces from the preheat chamber 24 into the
heating zones 16 of the furnace also comprises
high speed, clutch actuated rollers. The major por-
tion of the roller hearth 34 disposed within the
furnace 11 is driven at a constant speed.

To facilitate loading of castings into the furnace
11 and transport of the castings through the fur-
nace, the castings are loaded into baskets 40
which, in turn, are loaded onto the roller hearth 34
to be conveyed through the furnace. In the dis-
closed embodiment, each basket 40 holds forty to
fifty workpieces. The baskets 40 are of open con-
struction to permit sand dislodged from the work-
pieces to fall freely out of the basket. To facilitate
removal of the sand from the workpieces, the work-
pieces may advantageously be angled within the
baskets 40 so that the sand will more easily fall
out.

With further reference to the roller hearth 34,
the speed with which the roller hearth conveys the
workpieces through the furnace 11 is a function of
the production capacity of the apparatus 10. Thus,
in the disclosed embodiment where the furnace 11
must accommodate a new basket of workpieces
every thirty-five minutes, the roller hearth 34 must
have conveyed the previous basket of workpieces
within thirty-five minutes by a distance at least
sufficient to permit the next basket of workpieces to
be introduced into the furnace. In the disclosed
embodiment, based upon the size of the baskets
and the production requirements of the apparatus,
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the roller hearth 34 conveys the workpieces
through the furnace 11 at a speed of approximately
six feet per hour.

It will be appreciated by those skilled in the art
that given the speed of the roller hearth 34, the
dwell time, that is, the time for which the work-
pieces are exposed within the work chamber 15 of
the furnace 11, is a function of the length of the
furnace. For a roller hearth 34 which moves at six
feet per hour, where it is desired to heat treat the
workpieces for six hours, the furnace 11 must be at
least thirty-six feet in length plus the length of one
basket 40 and door end clearance space.

At the vertical center line of each zone, an axial
fan 44 is mounted in the top 45 of the furnace 11.
The fan 44 circulates the air within the correspond-
ing zone to provide an airflow of 3000-5000 feet
per minute. In the first five zones 16A-E of the
furnace 11, the fan 44 directs its airflow downward
into the work chamber 15 by means of ductwork
46. In the sixth zone 16F, the airflow is directed
horizontally over the workpieces by side-flow duc-
twork (not shown). In the seventh zone 16G, the fan
44 draws air upwardly through the work chamber
15. In the eighth zone 16H, the fan 44 once again
directs its airflow downward into the work chamber
15 by means of ductwork 46 in a manner similar to
the first five zones 16A-E. The reason for the
varying airflow patterns within the various zones 16
will be more fully explained below.

Disposed within the furnace 11 beneath the
roller hearth 34 are a plurality of stainless steel
troughs 50 whose purpose is to collect sand which
falls from the castings within the work chamber 15.
The interior walls of the troughs 50 are smooth and
are disposed at a 45° angle with respect to hori-
zontal. The walls are sufficiently angled that sand
will settle into the bottom of the trough 50 without
"bridging." While conventional troughs for handling
wet sand typically have walls angled as much as
60°, it will be appreciated that the troughs 50
within the furnace 11 will be handling only ex-
tfremely dry sand, and walls angled at even less
than 45° will collect the sand without permitting
the sand to bridge the trough.

A one-quarter inch screen 52 is positioned
beneath the roller hearth 34 and over the troughs
50 in each of the first three zones 16A-C. The
screens 52 capture particles larger than one-quar-
ter inch which are dislodged from the castings and
prevent these larger particles from passing into the
trough 50. Any clumps of core material which may
become dislodged from the workpieces before the
phenolic resin binder fusing the core together has
been completely burned off will be retained on the
screens 52. The clumps of core material collected
on the screens 52 will continue to be exposed to
the heat and oxygen-rich airflow within the furnace
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11 until the binders have burned off, at which time
the clumps will disintegrate. When the clumps have
disintegrated to a size smaller than one quarter
inch, the sand will fall through the screens 52.

It has been found that a screen size of smaller
than one-quarter inch is not practical, since flash-
ings which are dislodged from the castings will
tend to clog a finer screen. Also, while screens 52
may be positioned across the troughs 50 in all of
the zones 16A-H if desired, it has been found that
by far the greatest risk of clumps of core material
becoming dislodged from the castings occurs with-
in the first three zones 16A-C. Thus, in the dis-
closed embodiment, screens are provided only
over the troughs in zones 16A-C, and screens over
the troughs in the remaining zones 16D-H are not
deemed necessary.

The disclosed embodiment further comprises a
plurality of inverted V-shaped baffles 53 disposed
over the troughs 50 and beneath the screens 52.
Sand passing through the screens 52 will strike the
baffles 53 and tumble down the sloped sides of the
baffles. Thus, any remaining small clumps of sand
will be broken up further before falling into the
troughs 50. In the disclosed embodiment, the baf-
fles 53 have upturned flanges at their lower ends
which provide structural rigidity to the baffles and
also comprise another surface for sand particles to
impact before falling into the troughs 50.

Referring in more detail to the ductwork 46
illustrated in FIG. 3, the ductwork includes vertical
walls 54 which terminate at a lower end 55. A
narrow gap 56 is formed between the lower end 55
of the ductwork 46 and the roller hearth 34. The
dimensions of the gap 56 are closely controlled so
as not to provide a return airflow path above the
roller hearth 34. Instead, the airflow is forced be-
tween the rollers 36 and sweeps over the screen.52
and the baffles 53 before returning upwardly out-
side the vertical walls 54 of the ductwork 46. The
importance of this airflow pattern will be explained
below.

One end of a screw conveyer or auger 58 is in
communication with the bottom of each trough 50
and is adapted to remove the sand which collects
in the respective trough. In the disclosed embodi-
ment, it has been determined that the screw con-
veyers 58 need run only periodically in order to
keep the troughs 50 emptied. Because the major
portion of the sand will be collected within the
troughs in the first three heating zones 16A-C, the
augers 58 associated with those froughs run for
two minutes out of every fifteen minute period. The
remaining screw conveyers 58 run for two minutes
out of every twenty-five minute period. All of the
screw conveyers 58 empty onto a steel vibratory
sand conveyer 59 which comprises a reciprocating
steel bed capable of accommodating material as
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hot as 900°F. without being damaged. The con-
veyer 59 transports the reclaimed sand to a central
collection bin 60 to await reuse.

Referring now to Fig. 4, at the downline end of
the heat freating furnace is the quench tank 12.
The capacity of the quench tank 12 is a function of
the size and number of workpieces being im-
mersed at a single time, the specific heat of the
alloy comprising the workpieces, and the tempera-
ture to which the workpieces have been heated.
Preferably, the quench tank 12 should hold suffi-
cient water that the immersion of a load of work-
pieces into the tank will raise the temperature of
the water by no more than 10°F. In the disclosed
embodiment, this requirement is met by a quench
tank 12 having a capacity of 4,000 gallons of water.

The quench tank 12 includes a conventional
rack arrangement 62 for immersing the basket of
workpieces in the tank. The rack 62 has a plurality
of driven rollers 64 for drawing the workpieces onto
the rack. The basket of workpieces is loaded onto
the rack 62 while the rack is in its raised position,
indicated by the solid lines in Fig. 4. At that point,
the roller drive mechanism is disengaged, and the
rack 62 with workpieces thereon is lowered into the
tank 12 by means of a pneumatic cylinder (not
shown) until the basket of workpieces reaches the
lowermost position, shown by the dotted lines in
Fig. 4. The quench tank 12 is fully automatic and is
designed to submerge a load fully within ten sec-
onds after the furnace discharge door 27 begins fo
open. The quench tank 12 preheats the water to a
suitable quench temperature and includes cooling
plates 66 fo restore the prequenching temperature
after each cycle. The quench tank 12 also is pro-
vided with twin propeller agitators 68 and direction
vanes to agitate the water in the tank. After the
workpieces have been submerged for approximate-
ly eight minutes, the pneumatic cylinder is actuated
to raise the rack 62 and lift the workpieces out of
the tank 12. As will be appreciated by those skilled
in the art, all of the aforementioned features of the
quench tank 12 are conventional.

In addition to the foregoing conventional char-
acteristics, the quench tank 12 includes certain
other features for recovering sand which may be
loosened from the workpieces during the quench-
ing process. The tank 12 includes a trough 72
within its base such that any sand which becomes
dislodged from the castings and settles out of the
water will be collected in the bottom of the trough.
A watertight screw auger 74 is disposed within the
bottom of the trough 72, and the auger commu-
nicates with a holding area 76. A double-diaphragm
slurry pump 78 is operative to draw material out of
the bottom of the holding area 76 and to convey it
to a vibratory sand dryer 80. The vibratory sand
dryer 80 is of conventional design and therefore is
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shown in the drawings only schematically. The
sand dryer 80 includes a vibrating, rotating 150
mesh screen which permits water but not par-
ticulate matter larger than 150 mesh fo pass
through the screen. Particulate matter too large to
pass through the screen openings is vibrated off
onto the sand conveyor 59. Water which passes
through the screen falls into a collector beneath the
screen. The collector in turn is in fluid communica-
tion with a 30 gallon holding tank, which is periodi-
cally emptied into the quench tank 12.

Workpieces removed from the quench tank 12
are introduced into the aging oven 13 for precipita-
tion hardening to increase the hardness of the
castings. The aging oven is of conventional design
and will therefore be described only briefly. With
reference to Fig. 5, the aging oven 13 of the
disclosed embodiment is a four zone oven and
comprises a work chamber 85. The oven 13 in-
cludes outer oven walls 86, an insulating blanket of
ceramic fiber 88, and a metal liner 90. A fan 92
located along the longitudinal centerline of the oven
13 circulates heated air throughout the work cham-
ber 85 of the oven. To transport workpieces
through the work chamber 85, the oven 13 includes
a roller hearth 94 for conveying workpieces through
the oven. As is the case with the roller hearth 34 of
the furnace 11, the sections of the roller hearth 94
which transport the workpieces into and out of the
oven 13 comprise high speed, clutch actuated roll-
ers. The major portion of the roller hearth 94 which
is disposed within the oven 13 transports the work-
pieces at a constant speed. As hereinabove ex-
plained with respect to the speed of the roller
hearth 34 of the furnace 11, the minimum speed of
the roller hearth 94 is determined by the production
requirements of the apparatus 10. Given the con-
straints thus imposed by the minimum required
speed of the roller hearth 94, the maximum dwell
time of the workpieces within the oven 13 is a
function of the length of the oven. In the disclosed
embodiment, the dwell time is approximately four
hours, though longer ovens for aging periods of up
to twenty hours may be desirable, depending upon
the alloy used in the casting and the characteristics
required of the casting.

The oven 13 includes a number of burners 96
for heating the interior of the oven. In the disclosed
embodiment, the burners 96 heat the interior of the
oven to a temperature of 450° * 5°F. However,
depending upon the alloy being aged and the hard-
ness desired, the temperature in the oven may
range from 250°-500°F.

The aging oven 13 includes a series of troughs
98 located in its lower portion. However, since the
vast majority of the sand is removed during the
heat freating and quenching steps, the amount of
sand remaining on the workpieces upon their in-
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troduction into the aging oven 13 is, at most, mini-
mal. Since so little sand is dislodged within the
oven 13, no provision is made for automatically
collecting and conveying the sand to a central
reclamation location. Instead, the froughs 98 may
be emptied at relatively long intervals during rou-
tine maintenance of the oven.

The operation of the apparatus 10 will now be
described. When the molten aluminum alloy of the
castings has solidified, the castings are removed
from their respective molds and ftransferred into
one of the baskets 40. Each of the baskets 40 is
large enough to hold forty to fifty workpieces and,
as previously mentioned, is of open construction to
permit sand to pass freely therethrough. To further
facilitate removal of the sand from the cavities of
the workpieces, the workpieces may advantageous-
ly be angled within the basket 40 so that the sand
will more easily fall out of the workpieces.

The basket 40 of workpieces is placed on the
roller hearth 34 at the upper end 26 of the furnace
11. The input door 25 of the furnace 11 is opened,
and the high speed, clutch actuated rollers trans-
port the basket 40 of workpieces into the preheat
chamber 24. Exhaust gases from the furnace 11
are directed through the preheat chamber 24 and
bring the workpieces up to a temperature of about
380°F. The workpieces are exposed within the
preheat chamber 48 until the preceding basket has
moved far enough through the furnace to permit
introduction of another basket. Thus, in the dis-
closed embodiment, the workpieces soak in the
preheat chamber for approximately thirty-five min-
utes. When the preceding basket has moved far
enough into the furnace to permit another basket fo
enter, the door 29 between the preheat chamber 24
and the work chamber 15 opens, and high speed,
clutch actuated rollers transport the basket 40 into
the work chamber.

The natural gas fired burners 18 heat the inte-
rior of the furnace 11 to a temperature of approxi-
mately 980°F. This temperature is sufficient not
only to heat freat the castings but also to burn off
the organic binders fusing the core sand together.
Thus, as the castings are heated within the work
chamber 15 of the furnace 11, the binders are
burned off of the sand core material. As the binder
burns off, the sand comprising the core loosens.
The sand is dislodged from the castings by force
of gravity and by the 3000-5000 feet per minute
airflow within the furnace generated by the fans 44.

As previously described, the second and third
16B, 16C of the eight zones 16 are provided with
13-17% oxygen, while the remaining zones 16A
and 16D-H are provided with only 10-13% oxygen.
It has been found that the major portion of such
combustion occurs in the second and third zones;
in the first zone 16A, the casting and core are
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being brought up to the combustion temperature of
980°F, and in the later zones 16D-H the combus-
tion has been substantially completed. Further, it
has been found that, in those zones where the
major portion of the combustion occurs, combus-
tion of the organic binder material will consume
approximately 4-5% oxygen. Accordingly, the bur-
ners 18 in zones 16B and 16C are adjusted to
provide approximately 4-5% more oxygen than the
other zones to compensate for the oxygen con-
sumed by combustion of the binder material and to
facilitate the combustion process. In the remaining
zones 16A and 16D-F, however, the burners 18 are
not adjusted to provide the excessive amount of air
required by zones 16B and 16C. Since there is not
the excessive amount of air which must be heated,
the burners in those zones where less combustion
occurs can operate more efficiently than if the
higher volume of air were provided to all zones of
the furnace.

The workpieces and the sand cores within the
workpieces are heated to a temperature of 980°F.
over the course of approximately one hour. After
the workpieces have reached the "soak" tempera-
ture of 980°F., they remain in the furnace for an
additional five hours, for six total hours of exposure
within the furnace. In other applications, depending
upon the alloy used and the metalurgical char-
acteristics desired, the soak time may be as long
as twelve hours or as short as four hours.

As the workpieces are conveyed through the
first five zones 16A-E, they are subjected to a
downward directed flow of turbulent air. As the
workpieces pass into the sixth zone 16F, the side-
flow ductwork redirects the airflow horizontally over
the workpieces. Then, as the workpieces pass into
the seventh zone 16G of the furnace 11, they are
subjected to an upwardly directed turbulent airflow,
caused by the respective one of the fans 44 draw-
ing air upwardly through the work chamber 15.
Finally, as the workpieces pass through the eighth
zone 16H, the workpieces are again exposed fo a
downward directed airflow. This succession of
downward, sideways, upward and downward turbu-
lent airflows is successful in dislodging about 85%
of the sand from the workpieces.

As will be clear to those skilled in the art, sand
particles being blown about inside the furnace by
the 3000-5000 feet per minute airflow have a sig-
nificant potential for abrasion to the interior sur-
faces of the furnace 11. The metal liner 32 can
thus be appreciated for the protection it affords
against damage to the furnace's ceramic fiber in-
sulation 31.

The sand dislodged from the castings falls
through the basket 40, passes through the spaces
between the rollers 36 of the roller hearth 34, falls
through the screens 52, strikes the baffles 53, and
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falls into the troughs 50 beneath the hearth. Any
chunks of sand still bound by the organic resin
which may become dislodged from the workpieces
over the first third of the furnace are captured on
the screens 52 over the troughs 50, where they will
remain until the heat of the furnace burns off the
remaining binder. When the remaining binder is
burned off, the clumps of sand will fall apart, and
the sand will fall through the screen 52, impact
upon the baffles 53 to further break up the clumps,
and fall into the frough 50.

The sand which falls into the troughs 50 is
conveyed by the screw conveyers 58 to the com-
mon sand conveyer 59, whereby it is transported to
the collection bin 60 for reuse. It will be appre-
ciated that the sand thus recovered is substantially
pure, the organic resin having been burned off
during the heat treating process.

As the workpieces exit the lower end 94 of the
heat freating furnace 11, they are ready for
quenching. The water in the quench tank 12 is
preheated fo a suitable quenching temperature.
The basket 40 of castings is driven onto the rack
62 by the powered rollers 64, and the rack is
submerged in the water within ten seconds after
the furnace discharge door begins to open. While
the workpieces are submerged, the twin propellers
68 agitate the water in the tank, and the direction
vanes direct the flow of water over the workpieces.
The turbulent water washes any sand remaining in
the cavity of the workpieces out of the workpieces
and into the tank 12. The workpieces remain sub-
merged for approximately eight minutes, at the end
of which time the pneumatic cylinder is actuated to
lift the rack 62 out of the tank 12. When the
workpieces are removed from the quench fank,
substantially all of the remaining sand has been
removed from the castings. The castings are now
ready for aging.

Meanwhile, the sand which was washed out of
the castings in the quench tank 12 settles into the
frough 72 in the bottom of the tank. The screw
auger 74 conveys the sand-water slurry to the
holding area 76, and the double-diaphragm pump
78 moves the slurry onto the vibratory sand unit
80. The water in the slurry passes through the
vibrating screen and falls into the collector adjacent
to the screen. The water thus separated from the
sand is conveyed to the holding tank 82 and from
there is returned to the quench tank 12. The sand
which remains on fop of the vibrating screen is
discharged from the screen onto the sand con-
veyer 59, where it joins sand from the troughs 50
of the furnace 11 in route to the reclamation bin 60.

Upon completion of the quenching process, the
workpieces are introduced into the aging oven 13.
The burners 96 heat the work chamber 85 of the
oven 13 to approximately 450°F. The roller hearth
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94 conveys the basket 40 of workpieces slowly
through the work chamber 85 of the oven 13 such
that the workpieces are subjected to the 450°F.
heat of the oven of the disclosed embodiment for a
period of about four hours. As previously sug-
gested, the dwell time within the aging oven 13
may range from four to twenty hours, depending
upon the particular alloy being used and the met-
allurgical characteristics desired of the casting. The
circulation of the air within the work chamber 85 by
the fan 92 facilitates uniform heating of the work-
pieces. Any sand which becomes dislodged from
the workpieces during the aging procedure will
settle into the troughs 98 in the bottom of the oven
13. The emergence of the workpieces from the
aging oven 13 signals the end of the heat treating
and aging process.

As will be appreciated from the foregoing de-
scription of the operation of the apparatus 10, a
primary feature of the present invention is the
combustion of the phenolic resin binding the sand
core by exposing the casting and core to the heat
of the furnace 11. It has been found that the major
portion of such combustion occurs in the second
and third of the eight zones; in the first zone 16A,
the casting and core are being brought up to
combustion temperature of 980°F, and in the later
zones 16D-H the combustion is substantially com-
plete. Accordingly, the burners 18 in zones 16B
and 16C are adjusted to provide air in excess of
the amount required by the burners to ensure that
there is sufficient oxygen in those zones to facili-
tate the combustion process. In the disclosed em-
bodiment, the burners 18 in zones 16B and 16C
are adjusted to provide 13-17% oxygen. In the
remaining zones 16A and 16D-F, however, the
burners 18 are adjusted to provide only 10-13%
oxygen. Since there is not the extent of excess air
which must be heated, the burners in those zones
where less combustion occurs can operate more
efficiently than if the same extent of excess air
were provided to all zones of the furnace.

The foregoing embodiment has been disclosed
with respect to a continuous process, that is, work-
pieces are continuously being introduced into the
apparatus 10, some workpieces thus being in one
stage of processing while other workpieces are at
other stages of the process. In this continuous
process, some workpieces will be undergoing heat
freating at the same time that other workpieces are
being quenched and still other workpieces are be-
ing aged. In fact, at any given time, there may be
baskets of workpieces at various points within the
furnace 11, some only just beginning the heat
treating process while others are further along in
the process, all continuously advancing through the
apparatus. However, it will be appreciated that the
present invention is equally well suited for batch
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processing, where only a single batch of materials
is undergoing processing at any given time.

Fig. 6 discloses a batch-type heat treating ap-
paratus 110 according to the present invention.
Certain of the components of the batch apparatus
110 are identical to components previously de-
scribed and will be designated by the same refer-
ence numerals previously used. Thus, components
previously described can be recognized from their
designation by a reference numeral less than 100.
Those components not previously described with
reference to the continuous heat treating furnace
will be designated with reference numerals higher
than 100.

The apparatus 110 includes an elevated drop-
bottom furnace 111 elevated on legs 114. A lift
mechanism 116 powered by pneumatic, hydraulic,
or mechanical power, is operative to raise and
lower workpieces into and out of the furnace 111.
In the disclosed embodiment, the lift mechanism
116 includes hooks 118 for engaging a basket 40
of workpieces, whereby the entire basket is lifted
into the furnace. A sliding door 120 in the bottom
of the furnace has a pair of sand collection troughs
122 formed therein. Screens 52 positioned over the
troughs 122 prevent particles larger than one-quar-
ter inch from falling into the troughs. Pneumatically
operated high temperature slide gates are selec-
tively operable to discharge sand collected in the
froughs 122.

As with the continuous furnace 11, the batch
furnace 110 has a ceramic fiber insulating blanket
124 to retain heat within the furnace and a metal
liner 126 to protect the ceramic fiber insulation
from flying sand. A fan 44 mounted in the top of
the furnace circulates the air within the furnace at
3000-5000 feet per minute. Burners 18 mounted in
the side walls of the furnace 110 heat the work
chamber 130 of the furnace. The burners 18 once
again comprise means for introducing 120-160%
excess air into the burners, with the result that the
environment within the furnace comprises 10-12%
oxygen.

A pair of tracks 140 runs beneath the elevated
furnace 110. A quench tank and fransfer car 145
runs along the tracks 140 on wheels 146 and
comprises a quench tank 148, a sand collection bin
150, and a basket transfer area 152. The car 145 is
selectively operable to position either the basket
transfer area 152, the quench tank 148, or the sand
collection bin 150 beneath the drop-bottom furnace
work chamber 130.

The quench tank 148 includes a heater for
preheating the water in the tank fo a suitable
quenching temperature. A pair of propeller agitators
68 circulate the water in the quench tank. A header
156 in the bottom of the tank has a plurality of
openings for placing the interior of the tank in fluid
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communication with a vibratory sand dryer 80. A
double diaphragm pump 78 is selectively operable
to pump sand out of the bottom of the quench tank
148 and convey it to the vibratory sand dryer 80.
The operation of the vibratory sand dryer has pre-
viously been explained. After the water has been
removed from the sand by the vibratory sand dryer
80, the water is pumped into a holding tank 82, and
the sand is conveyed into the sand bin 150.

The operation of the batch-type furnace 110
will now be explained. Castings are formed as
previously described and removed from their re-
spective molds. The castings are placed in a bas-
ket 40, and the basket of workpieces is placed on
the basket transfer area 152 of the quench tank
and transfer car 145. The car 145 is then moved
along its tracks 140 to position its basket transfer
area 152 directly beneath the heated furnace 111.
The bottom door 120 of the furnace is opened, and
the lift mechanism 116 is lowered so that the hooks
118 of the lift mechanism engage the basket 40.
The lift mechanism 116 is then actuated to raise
the basket 40 of workpieces into the work chamber
130 of the furnace 111, and the bottom 120 of the
furnace is closed.

The burners 18 heat the load in the work
chamber 130 of the furnace 111 to a temperature
of approximately 980°F. Again, however, depend-
ing upon the alloy used and the metallurgical char-
acteristics desired, the workpieces may be heated
over a range of 850°-1000°F. 120-160% excess
air is infroduced into the burners 18 so that the
resulting atmosphere within the furnace comprises
10-12% oxygen. The fans 44 operate to circulate
the air within the furnace to achieve an airflow of
3000-5000 feet per minute.

As the castings and the cores are heated, the
resin binder begins to burn off. Loosened sand is
dislodged from the workpieces by the airflow and
by force of gravity, and the dislodged sand falls
into the troughs 122. Clumps of core material from
which the binder component has not completely
burned off will be captured on the screens 52 over
the troughs 122 and retained there until the binder
has burned off, at which time the unbonded sand
will fall through the screen, tumble down the in-
verted V-shaped baffles 53, and fall into the
troughs. The metal liner 126 protects the interior of
the furnace 111 from the abrasive effects of flying
sand.

When the workpieces have been heat treated
for the desired length of time (six hours in the
disclosed embodiment), the burners 18 are shut
down. The transfer car 145 is positioned along its
tracks 140 so that the quench tank 148 is directly
beneath the work chamber 130 of the furnace 111,
and the bottom 120 of the furnace is opened. The
lift mechanism 116 is then actuated to lower the
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basket 40 of workpieces into the quench tank 148.
The workpieces are submerged for the desired
length of time, during which period the water in the
tank is agitated by the twin propellers 68 to loosen
the remaining sand from the castings. Sand thus
dislodged from the workpieces settles to the bot-
tom of the tank 148. At the end of the quench
sequence, the lift mechanism 116 is again actuated
to lift the workpieces out of the tank 148. If aging is
desired, the furnace 111 is cooled to about 450 °F.,
the basket is again lifted into the work chamber
130, and the furnace door 120 is closed. The
workpieces are then aged for the desired length of
fime.

Upon completion of the quenching sequence,
the transfer car 145 is positioned such that the
sand collection bin 150 is directly beneath the slide
gates of the sand troughs 122. The gates are
opened, and the collected sand is discharged from
the troughs into the sand collection bin. Again, the
sand thus recovered is in a clean, reusable state,
all of the binder material having been burned off by
the heat of the furnace.

It will be appreciated by those skilled in the art
that the provision of a high speed airflow within the
work chamber 15 of the furnace 11 will result in
abrasive particles of sand being blown about the
interior of the furnace at high velocities. The dis-
closed embodiments therefore include special pre-
cautions for preventing excessive abrasion and
damage to the interior of the furnace. The interior
walls of the furnace, for example, are provided with
11 gauge liners comprised of a 4130 alloy to resist
abrasion. Also, the fans 44 include features de-
signed to withstand the abrasive environment within
the work chambers 15. For example, the blades of
the fans 44 are of solid, rather than hollow, con-
struction, as it has been found that flying sand
particles can wear holes in hollow blades, espe-
cially along seams, and accumulate within the
blades. Even a small accumulation of sand within
the hollow blades can throw the fan 44 out of
balance and cause catastrophic damage to the fan
drive mechanism. As another precaution, the lead-
ing edges of the blades of the fans 44 are tapered
to deflect sand particles.

It will be appreciated that the present invention
offers significant advantages over prior art methods
and apparatus for processing sand castings. First,
the requirement of removing a substantial portion
of the core material prior to heat freating the cast-
ing has been eliminated. Consequently, the labor,
equipment, expense, and risk of damage or scar-
ring to the workpiece associated with manually
chiseling out the sand core or subjecting the work-
piece to agitation and vibration have been elimi-
nated.
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Further, by subjecting the sand core material to
the heat and airflow within the furnace, the resin
binder fusing the core sand is burned off. To en-
sure that substantially all of the binder is com-
busted, the screens 52 prevent chunks of core
material larger than a predetermined size from fall-
ing out of the furnace and retain such chunks
within the work chamber 15 until a sufficient
amount of binder has burned off that the chunk can
disintegrate and pass through the screen. Chunks
of material which are sufficiently small to pass
through the screen 52 will impact upon the inverted
V-shaped baffles 53 and tumble down the sloped
walls of the baffles, further disintegrating the ma-
terial into its individual particles of sand. Thus, the
sand is recovered in a clean, reusable state.

While the recovered sand is clean in the sense
that the binder materials have been burned off, the
requirements of a particular installation may dictate
certain additional processing of the sand before it
can be reused. For example, it may be desirable to
screen the reclaimed sand to reclassify the sand
and to remove any debris which may have become
intermixed with the sand.

To facilitate combustion of binder material from
chunks of sand retained on the screens 52, the
furnace 11 of the disclosed embodiment ensures a
continuous airflow of oxygenated air over the
screens, as indicated by the arrows in FIG. 3. To
accomplish the desired airflow pattern, the dimen-
sion of the gap 56 between the lower end 55 of the
walls 54 of the duct 46 is kept to a minimum so as
not to provide an airflow path around the lower end
of the wall and above the roller hearth 34. The air
flowing downwardly through the ducts 46 must
therefore follow a path downward between the roll-
ers 36 and across the screens 52 before it can
return upward between the outer surface of the
duct and the liner 32 of the furnace.

A further advantage of the present invention is
that since the binder component is combusted, the
ecological problems associated with disposal of
solid waste material are avoided. If the exhaust
gases include an unacceptable quantity of organics
or phenils, additional incineration of the exhaust
gases may be necessary. In such an instance, the
exhaust gases upon exiting the preheat chamber
can be delivered to an inline incinerator operating
at a temperature of 1400°-1450°F. to incinerate
the free organics or phenils.

The control of the oxygen content of the fur-
nace atmosphere in the disclosed embodiment also
affords certain advantages with respect to burning
off the resin binder. By infroducing excess air into
the burners in only those zones of the furnace
where the major portion of the combustion process
occurs, a 10-12% oxygen level within those zones
of the furnace is maintained. This level of oxygen
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facilitates the combustion of the organic resin bind-
er which fuses the core, thereby accelerating the
breakdown of the binder and promoting effective
combustion of the waste products. However, since
the burners in the remaining zones are not ad-
justed to deliver the extreme amount of excess air
required in those zones where the major portion of
the combustion process takes place, the burners
are able to operate at increased efficiency.

The invention hereinabove described has been
disclosed with respect to a furnace utilizing natural
gas burners as the heat source. However, it will be
understood that the nature of the heating means is
not critical, and other types of heating systems,
such as propane burners, indirect gas-fired radiant
heaters, electric heaters, oil-fired burners, or coal-
fired burners, may be employed. It will be appre-
ciated that when indirect gas-fired radiant heaters
or electric heat are employed, an air injection sys-
tem should be used to maintain the oxygen level
within the furnace at the desired 10-12% level.

Also, while the disclosed embodiment is an
eight zone furnace, the major portion of the binder
combustion occurring in the second and third
zones, it will be understood that a greater or small-
er number of zones may be defined within the
furnace. In such an instance, the precise zones
within which the major portion of the binder com-
bustion occurs may vary according to a variety of
factors, including without limitation the temperature
within the furnace, the size and configuration of the
castings and cores, the speed at which the cast-
ings are moved through the furnace, and the tem-
perature of the castings when they are introduced
into the furnace.

Finally, it will be understood that the preferred
embodiment has been disclosed by way of exam-
ple, and that other modifications may occur to
those skilled in the art without departing from the
scope and spirit of the appended claims.

Claims

1. Apparatus for heat treating a metal casting
having a sand core comprising sand bound by
a binder, said sand core defining a cavity
within said casting, and said apparatus com-
prising:

a furnace defining a work chamber for
receiving said casting therewithin;

heating means for heating said work cham-
ber such that said casting and said sand core
are heated to a temperature sufficient to com-
bust said binder of said sand core, whereby
said binder is burned off, leaving only said
sand of said sand core;

airflow means for directing a flow of air
over said casting while said casting is in said
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furnace so as to dislodge a portion of said
sand from said casting; and

means operatively associated within said
work chamber for capturing portions of said
sand core which become dislodged from said
casting prior to said binder being combusted
therefrom and for retaining said captured por-
tions of said sand core within said work cham-
ber until said binder has been substantially
combusted therefrom.

The apparatus of Claim 1, further comprising
means operatively associated with said furnace
for collecting said portion of said sand dislod-
ged from said casting.

The apparatus of Claim 1, wherein said means
disposed within said work chamber for retain-
ing portions of said sand core which may be-
come dislodged from said casting prior to said
binder being combusted therefrom comprises
a screen.

The apparatus of Claim 1, further comprising
means for controlling the oxygen content of
said oven to optimize the oxidation of said
sand core.

The apparatus of Claim 4, wherein said means
for controlling the oxygen content of said oven
provides 13-17% oxygen in those zones in
which a major portion of binder combustion
takes place and provides 10-13% oxygen in
the zones in which a major portion of binder
combustion does not take place.

The apparatus of Claim 1, further comprising
hearth means for supporting said workpiece
within said furnace.

The apparatus of Claim 6, wherein said hearth
means further comprises means for conveying
said workpiece through said furnace.

The apparatus of Claim 1, wherein said means
operatively associated with said furnace for
collecting said portion of said sand dislodged
from said casting comprises a trough formed
in a lower portion of said furnace such that
said sand which is dislodged from said casting
falls into said trough and is collected there-
within.

The apparatus of Claim 1, further comprising
baffle means disposed beneath said capturing
and refaining means such that particles will
impinge upon said baffle means upon being
discharged from said capturing and retaining
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means.

The apparatus of Claim 9, wherein said baffle
means comprises an inverted V-shaped baffle.

A method for heat treating a casting having a
sand core, said sand core comprising sand
particles bound together by a binder material,
and said sand core defining a cavity within
said casting, said method comprising the steps
of:

introducing said metal casting with said
sand core into a furnace heated to a tempera-
ture in excess of the combustion temperature
of said binder material;

providing an oxygen-rich atmosphere with-
in said heated furnace which comprises in ex-
cess of 10% oxygen;

containing said metal casting with said
sand core within said heated furnace in said
oxygen-rich atmosphere to permit said binder
material to combust, whereby said sand par-
ticles comprising said sand core are loosened
from said sand core;

removing said
from said cavity;

capturing clumps of sand core material
which become dislodged from said casting pri-
or to said binder material being combusted
therefrom; and

retaining said dislodged clumps of sand
core material within said furnace to permit said
binder material to be combusted therefrom.

loosened sand particles

The method of Claim 11, wherein said step of
removing said loosened sand particles from
said cavity comprises the step of continuously
removing said loosened sand particles from
said cavity as said binder material is com-
busted.

The method of Claim 11, wherein said step of
removing said loosened sand particles from
said cavity comprises the step of directing a
flow of air against said casting as said casting
is contained within said furnace such that said
flow of air dislodges loosened sand particles
from said cavity.

The method of Claim 13, wherein said step of
directing a flow of air against said casting as
said casting is contained within said furnace
comprises the step of directing a flow of air
against said casting at an airflow velocity in
excess of 3,000 feet per minute.

The method of Claim 11, wherein said step of
removing said loosened sand particles from
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17.

18.

19.

20.

21,

22,
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said cavity comprises the step of angling said
metal casting within said furnace to permit at
least a portion of said loosened said particles
fo fall out of said casting under force of gravity.

The method of Claim 11, comprising the fur-
ther step of angling said metal casting within
said furnace such that at least a portion of said
loosened said particles will fall out of said
casting under force of gravity.

The method of Claim 11, comprising the fur-
ther step of collecting said portion of said sand
particles dislodged from said casting and con-
veying it out of said furnace.

The method of Claim 17, wherein said step of
collecting said portion of said sand particles
dislodged from said casting comprises the
step of continuously collecting said portion of
said sand particles as it is dislodged from said
casting and conveying it out of said furnace.

The method of Claim 11, wherein said step of
introducing said metal casting with said sand
core into a furnace heated to a temperature in
excess of the combustion temperature of said
binder material comprises the step of introduc-
ing said metal casting with said sand core into
a furnace heated to a temperature in excess of
approximately 850 °F.

The method of Claim 19, wherein said step of
introducing said metal casting with said sand
core into a furnace heated to a temperature in
excess of approximately 850 ° F. comprises the
step of introducing said metal casting with said
sand core into a furnace heated to a tempera-
ture of between approximately 850 °F. and ap-
proximately 1000 ° F.

The method of Claim 20, wherein said step of
introducing said metal casting with said sand
core into a furnace heated to a temperature of
between approximately 850°F. and approxi-
mately 1000°F. comprises the step of intro-
ducing said metal casting with said sand core
into a furnace heated to a temperature of ap-
proximately 980 ° F.

The method of Claim 11, wherein said steps of
capturing and retaining said dislodged clumps
of sand core material comprises the step of
providing a screen disposed beneath said cast-
ing, said screen having openings therein which
are not sufficiently large to pass clumps of
sand core material of a predetermined size.
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The method of Claim 22, further comprising
the step of causing clumps of sand material
smaller than said predetermined size which
pass through said screen to impact upon a
surface so as to break up said clumps.

The method of Claim 23, wherein said step of
causing said clumps of material to impact
upon a surface comprises the step of causing
said clumps of material to impact upon a
sloped surface and to tumble down said sur-
face to break up said clumps.
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