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(57) Abstract: The invention relates to a device that reduces the volume of polystyrene. The apparatus described comprises a heating
means to heat a sample of oil to a temperature below the boiling point of the oil and a means to direct the heated oil on a sample of
waste polystyrene. The oil acts on the polystyrene to reduce the aerated form of the polystyrene to a more non aerated form which is
smaller in volume and which is acceptable for dumping at a landfill site. The apparatus may be attached to a moveable vehicle for
case of transportation. The invention also relates to a method of reducing the volume of a sample of polystyrene to a more manage-
able form.
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Hot Oil Sprayer

Field of the Invention

The invention relates to a method of reducing the amount of polystyrene which is
destined for landfill. In particular the invention relates to a method of reducing
polystyrene to a form that is able to be disposed of in landfill. The invention also
relates to an apparatus for reducing the amount of polystyrene that is committed to

landfill.

Background to the Invention
In February 2011, a large earthquake struck Christchurch in New Zealand. Due to

the strength of this earthquake, many commercial and private buildings had to be
demolished. Many of the buildings which had to be demolished were constructed

using polystyrene as a form of insulation and cladding.

Polystyrene cannot be taken to landfill. Therefore demolition of buildings had to

be halted until such time as an appropriate disposal method was identified.

It has been estimated that in the demolition required in Christchurch alone,
enough polystyrene was present in the buildings requiring demolition to fill
several large rugby stadiums when laid flat from end to end and ground to roof

level.
The inability to dispose of the polystyrene is of major concern.

In addition, demolition companies are now stock piling polystyrene in
commercial premises throughout the region as the cost to dump this product is

making the work cost prohibitive.

The issues being that the product does not decompose / break down and is toxic

in its aerated form.

Currently it is being dumped into a restricted landfill at Cape Valley. The cost of
dumping this product is $1,900.00 per tonne and the tonne includes whatever it is

attached to, for example, concrete.
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This has increased the cost of demolitions significantly and has slowed the

progress of the rebuild.

Obiject of the Invention
It is therefore an object of the invention to provide an apparatus and a method for
the safe disposal into landfill of demolition material that contains polystyrene or to

at least provide the public with a useful choice.

Summary of the Invention

The invention was developed from an idea of breaking the polystyrene down from

its aerated form to reduce the cost of demolition and speed up the rebuild process.

The invention provides an apparatus for reducing the volume of polystyrene

comprising:

a heating means to heat oil to a temperature below the boiling point of the oil;

a means of directing the heated oil from the heating means to a spray means; and
a spray means through which the oil is directed onto a sample of polystyrene.
Preferably the spray means includes a spray delivery nozzle.

Preferably the spray means includes a quick release coupling to allow interchange

of spray delivery nozzles.

The spray delivery nozzle may include a spray lance to direct oil in an even

manner onto the polystyrene.

The spray means may also include a spear lance which is adapted to be inserted

into concrete slabs that contain polystyrene inside.

The heating means preferably includes a heat exchanger which heats up a thermal

heating fluid which in turn heats the oil.

More preferably the heat exchanger includes two chambers: a first chamber in

which the thermal heating fluid is maintained at a constant temperature; and a
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second chamber which the oil passes through as it is heated by the thermal

heating fluid.

The apparatus may include a heat pump to recirculate hot thermal fluid from the
top of the heat exchanger through a delivery hose and back to the bottom of the
heat exchanger to reduce the heat loss of the thermal fluid and to prevent it

cooling when the spray means is inactive.
The apparatus may be built onto a trailer or the like for ease of movability.

The invention also provides a method of reducing the volume of a sample of

polystyrene comprising the steps of:
heating an oil to a temperature slightly below the boiling point for the oil;

directing the oil through an oil flow means and towards the sample of polystyrene

to be treated; and

spraying the heated oil onto the polystyrene.

Preferably the oil is heated to a temperature of between 210-250°C and more

preferably between 220-240°C.

Preferably the oil is selected from the group consisting of: corn, canola,

groundnut, linseed, olive, safflower, sesame, soybean, sunflower and rapeseed.

Preferably the oil is crude, refined and bleached or refined bleached and
deodorised.

The method may be performed using the apparatus accordihg to the present
invention.

In a further embodiment of the invention the oil sprayer is used as a permanent
fixture rather than being transportable. For example and according to a further
aspect of the invention there is provided a hot oil sprayer which is a permanent
feature of a landfill or the like. In this aspect, the hot oil sprayer may be set up to
spray over a movable belt type of system, for example a conveyor belt system. The

product may be moved along the conveyor belt and pass under a nozzle system
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which may comprise a single or a system of nozzles. The nozzles are adapted to
spray the oil onto the polystyrene. The oil may then fall down onto a grease trap

and may be recycled.

The product is environmentally friendly and extremely cost effective when

compared to the current disposal system.

The product has been tested and approved for hardfill and landfill disposal. There

are no harmful toxins or emissions during the treatment process.

The product continues to breakdown long after the process has been completed.
It can be used in a concrete crusher to be broken down even further and re used

along with crushed concrete for other construction projects.

This invention has gained worldwide interest as the use of polystyrene in
packaging has become prolific however the dumping of the product is a cause of

great concern and cost,

Brief Description of the Drawings

The invention will now be described by way of example only and with reference

to the drawings in which:

Figure 1 is an overview drawing of the apparatus when sitting on a movable

trailer;
Figure 2 is a diagrammatic representation of the apparatus; and

Figure 3 is a more detailed diagrammatic view of the heat exchanger.

Detailed Description of the Invention

As shown in Figure 1, the apparatus comprises the following features:

1. Foot valve which prevents any product in the suction hose from pouring

back out of the hose when it is removed from the product drum;
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Product drum which is a container that is used to store the unused product.
The product drum may be secured to a trailer or the like for ease of moving

the apparatus.

. Electrical cabinet and controllers. The electrical cabinet stores the control

equipment. Both the product pump and the recirculation heating pump can
be operated from the cabinet. The control system uses the temperature
reading from the PT100 probe to turn the electrical elements on and off. If
the PT100 fails at any time, an over temperature snap disc switch located
on the side of the heat exchanger will shut down the heating system. The
temperature of the heating fluid can be adjusted on the control unit;
however in use the maximum temperature has been limited to 2500iC. The
main supply connection is a 5 pin 32 Amp 3 phase connection and there is

an auxiliary single phase connection available.

. Product pump which is used to draw cold product oil from the product

drum and pump it through the heat exchanger to the spraying lance;

. Product pump electric motor which is used to drive the product pump and

is controlled via the control panel;

Digital; flow totalizer which is battery operated and digitally displays the
total amount in litres of product oil that passes through the heat exchanger

and out of the spray lance;

. Pressure release valve which is used to control the product pressure

beyond the product pump. The pressure relief valve is set so that it will
relieve at 45 psi. Any product that is relieved will be returned to the

product drum.

. Product pressure gauge which indicates the pressure that is within the

product line;
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9. PT100 temperature probe which is used to measure the temperature of the
thermal heating fluid. The reading from the PT100 is used by the control

unit to operate the heating elements;

10. Temperature gauge which gives a mechanical temperature reading of the
5 thermal heating fluid; the thermometer is used to check the calibration of
the PT100. Being a mechanical gauge this ensures that temperature readout

of the thermal fluid is available at all times;

11.Snap disc thermostat which is used a s a safety shut off for the system. If the
PT100 or control system fails, the snap disc will activate at 280°C and shut

10 down the heating system;

12.High temperature needle vale which is used to drain the heat exchanger of
the thermal heating fluid. This is only done when the system is off and

cold;

13.Electrical heating elements which are used to heat the thermal heating flui
15 to operating temperature and then used to maintain the temperature of the

thermal heating fluid during the delivery process;

14.Stainless steel braided Teflon hose which is rated to 2600C (continuous)
and is used to separate the pressure gauge from the pipework. Separating
the gauge reduces the temperature of the liquid that interacts with the

20 gauge.

15. Thermal fluid pressure gauge which is used to measure the pressure of the
thermal heating fluid that is passed through the delivery hose and back into

the heat exchanger;

16. Heating pump electric motor which drives the recirculation heating pump

25 and is controlled via the control panel;

17.Heating pump which recirculates the hot thermal fluid from the top of the
heat exchanger though the delivery hose and then back into the bottom of

the heat exchanger. Recirculating the thermal fluid through the hose

6
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reduces the heat loss of the product fluid and prevents the product fluid

cooling while the spray gun is not operating;

18.Safety release valve. The system operating pressure is 45 psi. If the product
oil pressure becomes greater than the operating pressure then this valve
5 will open, making sure the product pressure never exceeds 60 psi. Excess

product will be vented into the stops tank;

19.Header tank which allows all the air in the heat exchanger to be removed
and provides additional storage for the thermal heating fluid as it expands

with the change in temperature;

10 20.Slops tank is a 145 litre stainless steel tank that can be used for collecting
any product oil spray when checking the temperature at the spraying
nozzle/ Any oil bypassed from the pressure relief valve also ends up in the

slops tank;

21.%" ball valve: one of the ball valves is used to isolate the heat exchanger
15 from the inlet pipework during maintenance, while the second ball valve is

sued as a drain for the slops tank;

22.Pipework temperature gauge which is used to measure the temperature of

the product exiting the heat exchanger’

23.%" stainless steel braided Teflon hose which is rated to 2600C (continuous)
20 and three lengths of hose are used to transport the product oil to the spray
lance, as well as transport the thermal heating fluid to the lance and back

to the heat exchanger;

24.232MB steam Queen hose which is used as an external sleeve to house the

three stainless steel braided Teflon hoses up to the spray lance;

25 25.Fibre glass insulation tape which is used to further insulate the product

hose and is wrapped twice around the 232MB steam queen hose;
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26.Canvas hose wrap which provides a protective surface for the fibre glass

insulated product hose;

27.Aluminium junction block which provides a junction point for the three
Teflon hoses at the spray lance. The thermal fluid is redirected back to the

heat exchanger at this point;

28. Digital thermometer which is battery operated and provides a temperature

reading of the product just before it enters into the spray lance;

29. %" quick release coupling which allows the spray lance to be quickly

changed to a spear lance;

30. Trigger gun which provides an easy to operate open close mechanism for

the spraying lance;

31.Spraying lance which provides a means of spraying the product oil onto the

polystyrene;

32.Spray nozzle which forces the oil into a fan which can be sprayed over the

polystyrene;

33. %" high temperature needle vale which provides a means of shutting off

the oil when the hose is coupled to the spear lance;

34.Spear lance which is used by inserting it into concrete slabs that have a
polystyrene core. Spraying the product oil into the space removes the

polystyrene around the lance;

35.Spray nozzle. Spray nozzles are fitted along the shaft of the spear lance to
provide discernment of the oil over a longer distance to remove all

polystyrene inside the concrete slabs;

36. Heat exchanger which is the main body of the hot oil system operation.
The heat exchanger has two chambers, one in which a thermal heating
fluid is maintained at a constant temperature and a second chamber where

the oil passes through to be heated from 0 degrees C up to 255° C. The

8
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fluid in turn heats the oil;

37.Electrical master switch which provides a means of electrically isolating the

system from any power source;

38.%" Mack union which is used to make assembling of the pipework easier

and to account for any slight misalignment between pipes;
39.%” ball valve which drains the oil from the heat exchanger for servicing;

40. %" gate valve which isolates the inlet and outlet pipework for the thermal

heating fluid heat recirculation pipework during servicing;

41.Sight glass which is a glass window which allows the operator to monitor

the heat transfer fluid;

42.Tandem axle trailer which provides the platform upon which the hot oil
system is installed. It provides mobility and allows the entire system to be
transported to any potential worksite. The trailer in this case has been
modified from a standard digger transporter to accommodate the mounting

of all the equipment necessary for the system to operate.

Referring now to Figure 2 the following features are shown:

1. A %’ foot valve;

2. A product drum;

3. An electrical control cabinet;

4. A %" product ump;

5. A three phase electrical motor;

6. A digital flow totalizer

7. A pressure relief valve;
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8. A pressure gauge;

9. A PT100 temperature probe;

10. A temperature thermometer;

11. A snap disc thermostat;

12.A %" high temperature needle valve;
13. An electrical heating element;

14.A %" stainless steel braided Teflon hose;
15. A pressure gauge;

16.Alsingle phase electric motor;

17.A 1” heating pump;

18. A safety relief valve;

19. A 62 litre header tank;

20. A slops tank;

21.A %" ball valve;

22. A thermal temperature gauge;

23. A ¥”stainless steel braided Teflon hose;
24.1” 232MB steam queen hose;
25.75mm fibre glass insulation tape;
26.Canvas hose wrap;

27.)Junction block;

28. Digital thermometer;

10
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29. %" quick release coupling;
30. Trigger gun;

31.Spraying lance;

32.Spray nozzle;

33. %" high temperature needle valve;
34.Spear lance;

35.Spray nozzle;

36.Tube heat exchanger;
37.Master on/off switch;
38.%" Mack union (steel);
39.%” ball valve;

40. %" gate valve;

41.Sight glass; and

42 . Trailer.

The heat exchanger is shown in detail in Figure 3 and includes:

The system is simple to use:

e Check the unit is on level ground;

e Check the unit is in an area with suitable ventilation;

11
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A product flow outlet (A} and a product relief valve (B). Also shown is a header
tank (C), containing thermal heating fluid (D). The heating element is shown at (E)

with the heat exchange tubes (F). The product flow intake is shown at (G).
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Check the level of thermal heating fluid in the header tank. There should

be 15-20mm of fiuid when the system is cold;
Place the suction(siphon tube) into the desired product drum;
Connect the electrical 3 phase connection;

Check the lance is stowed in the temperature test pocket and the trigger is

of and locked;
Turn on the master electrical supply switch;

Turn on the product pump. The pump will circulate through the pressure

relief valve back into the product drum until the trigger gun is pulled;

Turn on the heat recirculation pump. The pump will circulate thermal
heating fluid from the top of the exchanger through the hose and back into

the heat exchanger.

While the spray lance is directed into the temperature test pocket, pull the
trigger on the hand lance and spray into the slops tank. Allow cold product
to flow through the heat exchanger to ensure there are no air pockets

during the initial heating period;
Release the hand trigger and lock;
Turn on the heating control system;

Allow the system to heat up — constantly monitor the temperature and
pressure gauges to ensure the system is operating normally. The thermal
heating fluid will expand and the oil level in the header tank will rise. If the
fluid starts to come out of the filler breather cap, immediately shut down

the heating system;

Once the temperature is at the desired working level (about 250°C), while

the spray lance is directed into the temperature test pocket, pull the gun

12
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trigger on the hand lance and spray into the slops tank. The temperature

gauge will show the temperature of the sprayed product;

Once the temperature indicator shows the oil to be at the desired operating
temperature (220-240°C) release the gun trigger and ensuring there is no

oil spraying, remove the gun from the test pocket;

Start spraying — ensure the spray is directed in an outward direction at a

minimum distance of safely from the operator;

To shut down the system, stow the spray lance into the slops tank pocket;
Turn off the heating system;

Turn off the product pump and the heat recirculation pump;

Record the amount of product used if desired (displayed on the flow

meter);
Turn off the electrical master supply switch;
Disconnect the electrical connection;

Stow the suction/siphon tube and replace the cap in the top of the product

drum;
Disconnect the spraying lance from the hose and stow the lance;
Allow the system to cool down;

While cooling it may be necessary to occasionally pull the spray trigger to

allow air back into the system as the product cools and contracts.

13
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Whilst the invention has been described with reference to the particular
embodiment shown in the drawings, it will be appreciated that various
modification and improvement may be made to this embodiment without

departing from the scope of the invention as set out in this specification.

For example, the oil sprayer may not be positioned on a trailer type of unit but
could be permanent or semi-permanent. The polystyrene to be treated may move
on a conveyer belt beneath a spray means and the hot oil sprayed onto the

polystyrene as it moves under the spray means.

Industrial Applicability

The invention provides an apparatus and method which can be used to reduce the
amount of polystyrene waste product being sent to a landfill. The apparatus is
designed to spray hot oil onto a sample of waste polystyrene. The pressure and
type of oil used enable the polystyrene to be reduced from its aerated form to a
form more able to be disposed of in landfill. The method and apparatus thus
reduces the amount of waste polystyrene material being dumped in landfill and
provides a more environmentally friendly method of disposing of this waste

product.

14
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. An apparatus for reducing the volume of polystyrene comprising:

a heating means to heat oil to a temperature below the boiling point of the

oil;

a means of directing the heated oil from the heating means to a spray

means; and

a spray means through which the oil is directed onto a sample of

polystyrene.

A device according to claim 1 in which the spray means includes a spray

delivery nozzle.

. An apparatus according to claim 2 in which the spray means includes a

quick release coupling to allow interchange of spray delivery nozzles.

. An apparatus according to claim 2 in which the spray delivery nozzle

includes a spray lance to direct oil in an even manner onto the polystyrene.

. An apparatus according to claim 4 in which the spray means includes a

spear lance which is adapted to be inserted into concrete slabs that contain

polystyrene inside.

An apparatus according to any one of the preceding claims in which the
heating means includes a heat exchanger which heats up a thermal heating

fluid which in turn heats the oil.

An apparatus according to any one of the preceding claims in which the
heat exchanger comprises two chambers: a first chamber in which the
thermal heating fluid is maintained at a constant temperature; and a second
chamber which the oil passes through as it is heated by the thermal heating
fluid.

An apparatus according to any one of the preceding claims which also

includes a heat pump to recirculate hot thermal fluid from the top of the

15
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heat exchanger through a delivery hose and back to the bottom of the heat
exchanger to reduce the heat loss of the thermal fluid and to prevent it

cooling when the spray means is inactive.

An apparatus according to any preceding claim which is built onto a trailer,

or the like for ease of mobility from one location to another.

A method of reducing the volume of a sample of polystyrene comprising

the steps of:
heating an oil to a temperature slightly below the boiling point for the oil;

directing the oil through an oil flow means and towards the sample of

polystyrene to be treated; and
spraying the heated oil onto the polystyrene.

A method according to claim10 in which the oil is heated to a temperature

of between 210-2500C and more preferably between 220-240°C.

A method according to claim 10 or claim 11 in which the oil is selected
from the group consisting of: corn, canola, groundnut, linseed, olive,

safflower, soybean, sunflower and rapeseed.

A method according to any one of claims 10-12 in which the oil is crude,

refined and bleached or refined bleached and deodorized.

16
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