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(57) Abstract: Apparatus for use in reclaiming particulate material from bonded particulate material comprises an outer compart-
ment arranged substantially concentrically about an inner compartment, means in one compartment for breaking up the bonded
particulate material and means in the other compartment for removing the binder, and means for transferring broken up material

from one compartment to the other.
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RECLAMATION TREATMENT OF BONDED PARTICULATES

The invention relates to the treatment of bonded particulate material and more
particularly to the recovery or reclamation of sand in cores in the casting of articles

of molten metal or alloy for its subsequent reuse.

It is known fo use vibration devices to remove the cores from the castings. Such
apparatus can be noisy. The vibration devices can cause industrial diseases such

as white finger, hand and arm vibration syndrome and the like.
Because of such problems, other processes and apparatus have been proposed:

EP-B1-0612276 (CEC) discloses the use of a combined heat-treatment furnace and
sand reclamation apparatus, the furnace sitting above the sand reclamation
apparatus. A casting with a core is held in the furnace and is exposed to a heated
atmosphere. As the casting heats up, the sand core loosens and eventually falls
from the casting into the sand reclamation unit. Oxygenated air is introduced to the
sand reclamation apparatus which fluidises the bed; the air may be heated also. The
attrition of the particles of sand within the fluidized bed together with the heat which
may be present act to remove, 'by abrasion and/or combustion, binder which
adheres to the sand. The casting is retained within the furnace to effect heat

treatment thereof.
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US 5423370 (PROCEDYNE) discloses a process for removing the sand cores from
a metal casting which comprises placing the casting in a fluidized bed and heating
the casting to a temperature sufficient to pyrolyse the sand core binder. Pyrolysis of
the sand core binder causes the sand to return to particulate form and be

assimilated with the fluidised bed.

It is an object of this invention to provide apparatus and a method for reclamation of

cores of bonded particulate material which is more compact and energy efficient.

In one aspect the invention provides apparatus for use in reclaiming particulate '
material from bonded particulate material, the apparatus comprising an outer
compartment arranged substantially concentrically about an inner compartment,
means in one compartment for breaking up the bonded particulate material and
means in the other compartment for removing the binder, and means for transferring

broken up material from one compartment to the other.

Preferably the means for breaking up the bonded material is thermal reaction
caused by locating the material, typically a sand core on a casting, in a fluidised bed

of loose particulate material.

Preferably the means for removing the binder is heat at a temperature sufficient to
burn off the binder. A fluidised bed of loose particulate material is advantageously

present.
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The temperature of the inner and outer compartments may be controlled by heating
means arranged to heat at least one wall of each compartment to heat, and hold,

the contents of each compartment to and at a desired temperature heat.

Preferably the transfer means is a weir or the like, in a wall common to the
compartments. The transfer means may also be a chute, passageway or the like

defining a path between the outer and inner compartments.

The outer compartment may have two or more partitions, to define two or more
distinct compartments. The or each compartment may be held at the same or at a

different temperature.

The inner compartment may comprise an inlet and an outlet, means for fluidising the
particulate material to cause it to flow from the inlet to the outlet and means for
regulating the flow of the particulate material from the inlet to the outlet to allow
sufficient exposure to the heat to remove the adherent binder from the particulate

material.

A second aspect of the invention provides apparatus useful in the reclamation of
bonded particulates, the apparatus being for removing adherent binder from
particulate material by the application of heat, the apparatus having an inlet and an
outlet, means for fluidising the particulate material to cause it to flow from the inlet to
the outlet and means for reguiating the flow of the particulate material from the inlet
to the outlet to allow sufficient exposure to the heat to remove the adherent binder

from the particulate material.
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The regulating means may comprise at least two spaced apart baffles. The baffles
may each comprise an overweir or an underweir. In a preferred embodiment one
baffle is an overweir and the other is an underweir. The inner compartment may
comprise more than two baffles, say four, two providing overweirs and two providing
underweirs, so that the particulate material flows along a tortuous path between the

inlet and outlet.

The inner compartment may further comprise mesh partitions to slow the flow of

particulate material from the inlet to the outlet.

In another aspect the invention provides a method of reclaiming particulate materiél
from bonded particulate material, the method comprising breaking up the bonded
particulate material in one compartment of a dual compartment apparatus, the
compartments being substantially concentric, passing the broken material into the
other compartment and removing the binder to provide binder-free loose particulate

material.

The apparatus preferably further includes means for cooling the binder-free loose
particulate material to a predetermined temperature and the method preferably
includes the step of cooling to a predetermined temperature. Conveniently the

cooling means is a heat exchanger, e.g. a set of coils.

In another aspect of the invention there is provided apparatus for use in reclaiming
particulate material by removing the binder from bonded particulate material, the
apparatus comprising an outer compartment disposed about an inner compartment,

each having a perforate floor at least one containing loose binder-free material,
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means for the transfer of loose binder-containing material from one compartment to
the other, and means for supplying gas at a predetermined temperature to the

respective compartment.

The loose sand in the outer compartment is fluidised by passing gas, typically
ambient air, through the perforated floor. When binder-containing loose sand is in
the inner compartment it is fluidised and heated to a high temperature to burn off the
binder. For this reason the gas supplied to the outer compartment is at a lower

temperature than that supplied to the inner compartment.

While the cores could be detached from castings and then treated in apparatus of
the invention, preferably castings and the attached cores are placed in the outer
compartment which contains the loose sand or the like. This bed is then fluidised so
that the cores are separated from the castings by thermal reaction in the outer
compartment and the detached core material is transferred to the inner
compartment where the binding agent is removed. Once the sand has been
detached from the casting the casting itself may need to undergo a heat treatment,
e.g. ageing or cleaning process. If heat-treatment of a casting is required heat
treatment means will be provided in which the at least substantially sand-free
casting can be located for this to take place. Preferably the heat treatment means
will comprise a heated fluidised bed of preferably virgin or clean sand. The casting is
located in the loose sand and the heat treatment or cleaning is carried out in known

manner.
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Preferably the apparatus also includes heat exchange means to recover heat from
the waste gas from the inner compartment for use in heating gas used to fluidise the

loose particulate material in the outer compartment.

It will be understood that the apparatus is made up of a number of components and
that each may be made as an independent unit and used as such or joined with

other components useful in the process of reclamation.

According to the invention in another aspect there is provided a method of
reclaiming loose particulate material from bonded particulate material in muilti-
compartment apparatus, each compartment having a perforate floor, one
compartment containing binder-free loose particulate material, the method
comprising placing the material to be treated in the one compartment, passing gas
at elevated temperature into the one compartment to fluidise the loose material to
break up the bonded material to release the bonded particles, passing the released
particles into the second compartment and passing gas at a higher temperature

through the perforate floor of the second compartment to remove the binding agent.

A yet further aspect of the invention provides a method of removing adherent binder
from particulate material by the application of heat, the method comprising causing
particulate material having adherent binder to flow from an inlet to an outlet of a
compartment therefor by fluidising a bed of particulate material and heating the
fluidised bed, the method including the step of regulating the flow of particulate
material between the inlet and outlet to allow sufficient exposure of the material to

the heat to remove the adherent binder.
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In order that the invention may be fully understood it will nhow be described, by way

of illustration only, with reference to the accompanying drawings; in which:

Figure 1 is an exploded perspective view of one unit of the invention;
Figure 2 is a vertical section of another unit of the invention; and

Figure 3 is a top plan view of the unit of Figure 2.

The apparatus 1 of Figure 1 comprises two substantially concentric compartments,
one 2 being an inner compartment and the other being an outer compartment 3. A
hood portion 4 is connected to the upper rim of the outer compartment 3. The hood
portion 4 contains pipe-work for the flow of gas. Within the hood portion 4 is a
smaller hood portion 5, having a neck portidn 8, which is received in the upper end
of the inner compartment 2. The pipe-work provides a heat exchanger unit 7
located within the hood portion 5. The inner compartment 2 and the outer
compartment 3 each have a perforate floor supporting sand forming a fluidised bed
8,9 respectively. The heat exchanger 7 is connected to pipes 10 which transfer heat
from waste gas in the inner compartment to the fluidised bed 9 of the outer

compartment 3.

An overflow chute 11 is present between the inner compartment 2 and outer
compartment 3 for transferring material from the outer compartment 3 to the inner
compartment 2. A vertical wall 12 is present to prevent oversized agglomerates of
bonded material from the outer compartment 3, which pass along the chute 11, from
entering the inner compartment 2. Holes 13 are present in the vertical wall 12 to
allow released bonded particulate material of a suitable size to fall into the inner

compartment 2. A cooling coil 14 is present in a zone of the inner compartment 3.
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An outlet 15 is situated in the base of the cooling zone 2 for removing the reclaimed
material. An outlet 16 is present in the inner compartment to allow reclaimed sand

to pass into the cooling zone.

In one specific use, metal or alloy castings (not shown) each containing one or more
cores of bonded sand are loaded into open baskets (not shown) which are placed
into the outer compartment 3 containing loose binder-free virgin sand. The hood
portions 4 and 5 are locked in place. Heated air is supplied to the fluidised beds 8
and 9 from below. The air entering the fluidised bed 8 of the inner compartment 2 is
heated electrically by external heating elements (not shown). The heat from the
waste hot gas is extracted by the heat exchanger 7, which transfers the heat via
pipes 10 to the air supply to the fluidised bed 9 of the outer compartment. Due to
the presence of the electrical heating element around the inner compartment 2, the
inner compartment 2 is maintained at a higher temperature than the outer

compartment 3.

Because the castings in the outer compartment are in the heated fluidised sand the
cores are subjected to thermal reaction.  The heat introduced into the outer

compartment 3 loosens or breaks up the bonded sand in the cores of the castings.

As the cores of all of the castings are recovered the level of sand in the outer
compartment 3 will rise, and eventually reach the level of the overflow chute 11. As
the loose sand flows down the chute, particles small enough will pass through holes
13 into the inner compartment 2. (Large particles of sand are prevented from

entering the inner compartment 2 by the vertical wall 12. They can be returned to
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the outer compartment or broken up in another way.) The baskets containing

sand-free castings are removed from the outer compartment 3.

The agitation of the fluidised bed 8 and the high temperature within the inner
compartment causes the binding agent on the surface of the bonded sand to burn
off or be released by thermal shock. The bonding agent may be resin based or
inorganic. The waste gases produced are removed from the inner compartment 2
by a ventilation system (not shown). Once the process is complete the reclaimed
clean sand is removed from the inner compartment 2 via outlet 15. The sand may

be reused in casting in a mould, in die castings or the like.

By having two compartments, one inside the other, the furnace takes up little space
and the capital cost is reduced. By splitting the treatment of the bonded particulate
material into two stages and using heat energy from one in the other, the running
costs are reduced. The method can be quiet because vibration equipment is not

used.

The apparatus shown in Figures 2 and 3 comprises an annular outer chamber 101,
split into two halves by radial partitions 120 to form separate and distinct chambers
101a and 101b, and an inner circular chamber 102. The outer chamber 101 has an
outer circular wall 103, and an inner circular wall. A circular wall 104 defines the
inner chamber 102. The outer chambers 101a and 101b contain beds of sand 105,
105a respectively, on a perforate floor or platform 106. The inner chamber 102 has
a perforate floor 106a and will receive sand from the outer chamber 101a to form a

bed 105b via a chute 121.



10

15

20

25

WO 02/081127 PCT/GB02/01605

10

The inner chamber 102 has vertical partitions 111. The partitions 111 provide a
series of weirs arranged to allow the particulate material to flow either thereover or
thereunder to define a tortuous path from the inlet via chute 121 to an outlet 112, as
shown by the arrow. Beneath the exit of chute 112 is a bank of cooling pipes 113.
Heat packs 114 are present on the walls which define the outer chamber 101 and

adjacent the wall 104.

A heat exchanger unit 107 is present near the wall 104. Hot air is drawn from the

upper regions of the inner chamber 102 via pipe 110 into the heat exchanger 107.

Chamber 101b may be used as a place in which to heat treat, e.g. a casting M from
which cores C have been removed. The casting M is placed on loose clean sand in
that chamber 101b and left for a pre-d.etermined period at the temperature of the

sand for ageing or the like.

In use, virgin sand is placed in the outer chambers 101a and 101b to form the beds
105 and 105a. The heat packs 114 are activated to heat the sand of bed 105, up to
say 500°C and the sand of bed 105a to say 520°C and air is passed via pipe 109 to
fluidise the sand 105, 105a forming a gently bubbling fluidised beds. The
temperature of bed 105 is selected to break up the core and not to affect the
metallurgy of the casting C during de-coring. The casting M having cores C of
bonded sand is placed in the bed of sand 105. Thermal reaction cause the cores C
to decore from the casting M and also to break up into small pieces once the casting
M has reached the fluid bed temperature. The casting M is left within the bed 105

for, typically 30 minutes, to ensure complete core removal. As the level of sand in
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the outer chamber 101a rises because the released material is added to the level of

the virgin sand, some flows via the chute 121 into the inner chamber 102.

The bed 105b of the inner chamber 102 is fluidised by supplying air from pipe 109.
The heat packs 115 are activated to ensure that temperature of the inner chamber
102 is about 700°C, which is usually enough for complete burn off or removal of the
binder over a period of time. The partitions 111 define a tortuous path for the
particulate material to describe. The tortuous flow path ensures that the sand
entering the bed 105b has a sufficient residence time within the chamber 102 to
ensure complete removal of the binder. Binder-free sand falls down the chute 112 to
the cooling pipes 113. These contain flowing water, and the size of the pipes and
the rate of flow are adjusted to cool the binder-free sand to a pre-determined
temperature. This will be from about 30°C to about 40°C dependent on the

temperature at which the sand should be mixed with fresh binder for reuse.

Computer controls may control the temperature in the chambers 101a, 101b, 102. A
time control may be present to indicate that the casting has been in the de-coring
chamber 101a for time enough to effect de-coring. When an alarm may sound

and/or the castings may be automatically lifted from the chamber 101a.

The total apparatus requires little floor space, which is much reduced compared to
prior apparatus. Temperature controls, preferably electrical or electronic controls,
may be used to control the cooling water in the pipes of the coils 113. 1t must be
emphasised that each compartment is separate and the individual treatments can

be performed separately.
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For example, whilst we have described the outer chamber 101 as being separated
into two chambers 101a and 101b by partitions 120, the chambers 101a and 101b
may in fact be two separate units placed together. Further, chamber 102 may be

configured to accept used and broken-down sand from cores from any source.
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CLAIMS

. Apparatus for use in reclaiming particulate material from bonded particulate

material, the apparatus comprising an outer compartment arranged substantially
concentrically about an inner compartment, means in one compartment for
breaking up the bonded particulate material and means in the other
compartment for removing the binder, and means for transferring broken up

material from one compartment to the other.

. Apparatus according to Claim 1, wherein said means for breaking up the bonded

material is a fluidised bed of loose particulate material.

. Apparatus according to Claim 1 or 2, wherein said means for removing the

binder is heat at a temperature sufficient to burn off the binder.

. Apparatus according to any of Claims 1, 2 or 3, wherein said means for

removing the binder includes a fluidised bed of loose particulate material.

. Apparatus according to any preceding Claim, further comprising heating means

arranged to heat at least one wall of each compartment to heat, and hold, the

contents of each compartment to and at a desired temperature heat.

. Apparatus according to any preceding Claim, wherein said transfer means is a

chute, passageway or the like defining a path between the outer and inner

compartments.
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Apparatus according to any of Claims 1 to 5, wherein said transfer means is a

weir in a wall common to the compartments.

Apparatus according to any preceding Claim, wherein the outer compartment

has two or more partitions, to define two or more distinct compartments.

Apparatus according to Claim 9, wherein the or each compartment has separate

heating means arranged to hold each at the same or at a different temperature.

Apparatus according to any preceding Claim, wherein the inner compartment
comprises an inlet, arranged to accept particulate material from said transfer
means and an outlet, means for fluidising the particulate material to cause it to
flow from the inlet to the outlet and means for regulating the flow of the
particulate material from the inlet to the outlet to allow sufficient exposure to the

heat to remove the adherent binder from the particulate material.

Apparatus useful in the reclamation treatment of bonded particulate material, the
apparatus being for removing adherent binder from particulate material by the
application of heat, the apparatus having an inlet and an outlet, means for
fluidising the particulate material to cause it to flow from the inlet to the outlet
and means for regulating the flow of the particulate material from the inlet to the
outlet to allow sufficient exposure to the heat to remove the adherent binder from

the particulate material.

Apparatus according to Claim 10 or 11, wherein said regulating means

comprises at least one baffle.
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Apparatus according to Claim 10, 11 or 12, wherein said regulating means

comprises at least two spaced apart baffles.

Apparatus according to Claim 13, wherein the baffles each comprise an overweir

or an underweir.

Apparatus according to Claim 13 or 14, wherein one baffle is an overweir and

the other is an underweir.

Apparatus according to any of Claims 13, 14 or 15, wherein the inner
compartment comprises more than two baffles, say four baffles, two providing
overweirs and two providing underweirs, arranged to ensure that the particulate

material flows along a tortuous path between the inlet and ouitlet.

17. Apparatus according to any of Claims 10 to 16, wherein the inner compartment

further comprises mesh partitions to slow the flow of particulate material from the

inlet to the outlet.

18. Apparatus for use in reclaiming particulate material by removing the binder from

bonded particulate material, the apparatus comprising an outer compartment
disposed about an inner compartment, each having a perforate floor at least one
containing loose binder-free material, means for the transfer of loose binder-
containing material from one compartment to the other, and means for supplying

gas at a predetermined temperature to the respective compartment.



WO 02/081127 PCT/GB02/01605

10

15

20

25

16

19. Apparatus according to Claim 18, wherein said gas is ambient air.

20.

21.

22.

23.

Apparatus according to Claims 18 or 19 further comprising heating means

arranged to heat each compartment to a pre-determined temperature.

Apparatus according to Claim 20, wherein the outer compartment heating
means is arranged to heat the outer compartment to a lower temperature than
the temperature the inner compartment heating means is arranged to heat the

inner compartment.

Apparatus according to any of Claims 18 to 21, wherein the outer compartment

includes a subsection.

Apparatus according to any preceding Claim further comprising heat exchange
means to recover at least some of any heat from the waste gas from the inner
compartment for use in heating gas used to fluidise the loose particulate material

in the outer compartment.

24. Apparatus according to any preceding Claim further comprising means for

25.

cooling binder-free loose particulate material exiting from the inner compartment

{o a predetermined temperature.

A method of reclaiming particulate material from bonded particulate material,
the method comprising breaking up the bonded particulate material in one

compartment of a dual compartment apparatus, the compartments being
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substantially concentric, passing the broken material into the other compartment

and removing the binder to provide binder-free loose particulate material.

A method of reclaiming loose particulate material from bonded particulate
material in multi-compartment apparatus, each compartment having a perforate
floor, one compartment containing binder-free loose particulate material, the
method comprising placing the material to be treated in the one compartment,
passing gas at elevated temperature into the one compartment to fluidise the
loose material to break up the bonded material to release the bonded particles,
passing the released particles into the second compartment and passing gas at
a higher temperature through the perforate floor of the second compartment to

remove the binding agent.

A method of removing adherent binder from particulate material by the
application of heat, the method comprising causing particulate material having
adherent binder to flow from an inlet to an outlet of a compartment therefor by
fluidising a bed of particulate material and heating the fluidised bed, the method
including the step of regulating the flow of particulate material between the inlet
and outlet to allow sufficient exposure of the material to the heat to remove the

adherent binder.



PCT/GB02/01605

WO 02/081127

1/3

FIG. 1



PCT/GB02/01605

WO 02/081127

2/3

// [—_ AY .\ L \\ \ mw oo.—”
= e 90T
///// \ DA A \\\\\\\\\
¥ — :

= 3 P11
:.V:::... J " Tergminy \1
AR 1 g u
i |
i ¢~,4mﬂmmn I
e P
\ | w/ m W
| o O

\_
\‘rlﬂnlt
\ . ,
\\\\\\ 4L 1 01 \ e1{l
. UJ
711 . Qe0T 0T 121
BCOT \
LOT 011 c01



WO 02/081127

PCT/GB02/01605

o
o
~—

3/3

107

110

111

101b

101a
-~
N

114
101



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

