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ABSTRACT OF THE DISCLOSURE

A method of removal of hydrocarbons from solls using
solids-loaded polymer foam. A first step involves providing

a solids-loaded polymer foam consisting of an open-celled
5 polymer foam matrix with zeolite dispersed and bound throughout

the foam matrix. A second step involves mixing solls

containing hydrocarbons,.solids-loaded polymer and water. It

has been found that hydrocarbons are adsorbed by the solids-

loaded polymer foam. The order of mixing can be altered to

10 suit particular applications.
recover the hydrocarbons from the solids-loaded polymer foam.

A recovery step can be added to
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TITLE OF THE INVENTION:

Method Of Removal Of Hydrocarbons From Soils Using Solids
Loaded Polymer Foam

FIELD OF THE INVENTION

The present invention relates to a method of removal of

hydrocarbons from soils using solids-loaded polymer foam.

BACKGROUND OF THE INVENTION

There 1s a need for a more effective and financially
viable manner of removing hydrocarbons from soils. The need
manifests 1tself in environmental cleanup of hydrocarbon
contaminated lands, such as those lands surrounding oil wells
and gas storage tanks. Often the cost of environmental cleanup
exceeds the commercial value of the land. It 1s not unusual
for the environmental cleanup to largely consist of removal of
contaminated soils to landfill sites. The need also manifests
1tself 1n commercial recovery of hydrocarbons, such as the

recovery of bitumen from oil sands.

The present 1nvention relates to removing hydrocarbons
from soils wusing solids-loaded polymer foam. Solids-1loaded
polymer foam 1s known. United States Patent 4,563,483 (Smith
et al 1986) entitled "Concrete Cleaning Composition" describes
the use of solids-loaded polyurethane foam to clean concrete.
Abrasive solids are dispersed and bound throughout the
polyurethane foam matrix. The choice of abrasive material is
made from a wide variety of materials of adegquate hardness and

e
—

of a particulate size range which will enable them to

effectively scour concrete, brick or stone surfaces and to
loosen dirt or other debris held thereto by o0il. The Smith et
al reference uses a silane-coupling agent to bond the abrasive
particles to the foam matrix. For this reason, the Smith et
al reference teaches that the abrasive particles are preferably

chosen from substances which are capable of forming reactive
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sites for the silane-coupling agents.

oUMMARY OF THE INVENTION

The present 1lnvention relates to a method by which solids-
loaded polymer foam can be used to remove hydrocarbons from

solls.

According to the present invention there is provided a

method of removal of hydrocarbons from soils using solids-
loaded polymer foam. A first step involves providing a solids-
loaded polymer foam consisting of an open-celled polymer foam
matrix with zeolite dispersed and bound throughout the foam
matrix. A second step 1involves mixing soils containing
hydrocarbons, solids-loaded polymer and water. It has been

found that hydrocarbons are adsorbed by the solids-loaded

polymer foam.

The Smith et al reference introduced solid particles into
polymer foam to serve as abrasives. It has been discovered
that zeolite loaded polymer foam has some special properties
which results 1n the zeolite loaded polymer foam drawing
hydrocarbons out of soils. 1In accordance with the teachings

e

of the present 1nvention the zeolite in the solids-loaded

polymer foam does not serve as an abrasive, it serves to draw
the hydrocarbons into the polymer foam. It is believed that
this special property that =zeolite has to draw hydrocarbons
into the polymer foam is linked to the cation exchange capacity
of zeolite. While different polymer foams can be used for this
method, a polymer foam that 1is commercially available and

provides good results with this method is polvurethane foam.

The three elements (soils containing hydrocarbons, solids-
loaded polymer foam and water) can be added together
simultaneously or in a different order. Each method of mixing
has advantages that sult particular circumstances. One method
of mixing 1s to have the solids-loaded polymer foam dry mixed

with soils containing hydrocarbons prior to adding water. It
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nhas been found that this method of mixing requires less water.
Another method of mixing is to have the soils containing
nydrocarbons mixed with water prior to adding solids-loaded
polymer foam. It is believed that this has advantages when
trying to recover viscose hydrocarbons. Yet another method of
mixing it to have the solids-loaded polymer foam wet mixed with
water prior to being brought into contact with soils containing
hydrocarbons. It 1s believed that this method of mixing

facilitates 1in _situ recovery of hydrocarbons from soils.

Although beneficial results may be obtained through the
use of the method, as described above, even more beneficial
results may be obtained by including a hydrocarbon recovery
step. While hydrocarbon recovery may not be of paramount
concern 1n environmental c¢lean up applications, other
applications are not commercially viable unless the
hydrocarbons can be recovered and some value realized for the

hydrocarbons. It 1s preferred that the solids-loaded polymer

foam be mechanically compressed to recover the hydrocarbons.

It has been discovered that the polymer foam does not readily
release hydrocarbons. The hydrocarbon cannot be effectively
removed through the use of a centrifuge, nor can it be
effectively removed by the application of heat. If only small
quantities of hydrocarbon are present in the solids-loaded
polyvmer  foam, it cannot be released by mechanically
compressing; as the hydrocarbon is held by the zeolite and
moves within the solids-loaded polymer foam. However, when the
solids-loaded polymer foam 1is substantially saturated with
hydrocarbons, mechanically compressing the polymer foam will

squeeze out excess hydrocarbons. This recovery step also

facilitates a solids-loaded polymer foam recycling step of
reusing the solilds-loaded polymer foam for further hydrocarbon

recovery.

Although beneficial results may be obtained through the
use of the method, as described above, even more beneficial

results may be obtained with the solids-loaded polymer foam
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being shredded. The shredding into small chunks or particles

- makes the polymer foam easier to handle, facilitates mixing and

increases surface contact area.

Although the water used may be heated, one of the major
advantages of this method is that cold water can be used. By
"cold" water, 1t 1s meant that the water is used at its ambient
temperature. It 1s not essential to use hot water in order
to obtain Dbeneficial results. The cost savings and
environmental benefits obtained through cold water processing
are substantial. Environmental benefits can also be obtained
by including a water recycling step of reusing the water for
further hydrocarbon recovery. The water can be repeatedly
reused without adversely affecting the removal and recovery

process.

It 1s preferred that solids-loaded polymer foam be used
that will float when saturated with oil, although polymer foam
that sinks when saturated can be used. In some applications
this may be beneficial, and the solids-loaded polymer foam may
be removed from the bottom of the slurry. However, as the
solls will also tend to settle to the bottom of the slurry; it
1s preferred that small shredded chunks of solids-loaded
polymer foam that float even when saturated be used. This
enables the solids-loaded polymer foam to be removed from the

slurry by skimming.

The amount of zeolite i1n the polymer foam can be varied
and beneficial results obtained. Even 1% zeolite will bring
some beneficial results. It has been found, however, that for
best results there should be at least 5% by weight of the
solids-loaded polymer foam. Of course, the greater the
quantity of zeolite the more pronounced the ability of the

polymer foam to adsorb hydrocarbons.

Natural zeolite is commercially available, as is synthetic

zeolite. It 1s preferred that natural zeolite be used. It has
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been found that, when reused repeatedly, the synthetic zeolite

tends to break down.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more
apparent from the following description in which reference is
made to the appended drawings, the drawings are for the purpose
of illustration only and are not intended to in any way limit
the scope of the 1nvention to the particular embodiment or
embodiments shown, wherein:

FIGURE 1 1s a processing flow diagram illustrating a first
mixing order of soils containing hydrocarbons and water, then
adding solids-loaded polymer foam.

FIGURE 2 1s a processing flow diagram illustrating a
second mixing order of soills containing hydrocarbons and
solids-loaded polymer foam, then adding water.

FIGURE 3 1s a processing flow diagram i1llustrating a third
mixing order of solids-loaded polymer foam and water, then

bringing into contact with soils containing hydrocarbons.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Three preferred methods will now be described with
reference to FIGURES 1 through 3. All of the described methods
involve two common steps. A first step involves providing a
solids-loaded polymer foam consisting of an open-celled polymer
foam matrix with zeollite dispersed and bound throughout the
foam matrix. A second step 1nvolves mixing solls containing
hydrocarbons, solids-loaded polymer and water. Hydrocarbons
are adsorbed by the solids-loaded polymer foam. The
difference between the three preferred methods lies in the

order 1in which the three elements of solids-loaded polymer

foam, soils containing hydrocarbons and water are mixed.

Referring to FIGURE 1, there 1s 1llustrated a method of
removal of hydrocarbons from soils using solids-loaded polymer

foam which 1ncludes a first mixing order that involves

providing shredded solids-loaded polymer foam 12 consisting of




10

15

20

25

30

35

CA 02361072 2001-11-05

an open-celled polyurethane foam substrate with zeolite
dispersed and bound throughout the foam matrix. Zeolite is at
least 5% by weight of the shredded solids-loaded polymer foam
and 1s natural zeollte, as opposed to synthetic zeolite.

A cold slurry 14 1is formed of cold water 16 and soils
containing hydrocarbons 18. Shredded solids-loaded polymer foam
12 1s mixed into cold slurry 14, whereby hydrocarbons in cold
slurry 14 are adsorbed by shredded solids-loaded polymer foam
12. In cold slurry 14, solids 20 will tend to settle at the
bottom 22 of cold slurry 14, a water layer 24 will form above
solids 20, while shredded solids-loaded polymer foam 12 (with
adsorbed hydrocarbons) will tend to rise to the top 26 of cold
slurry 14. Shredded solids-loaded polymer foam 12 will float
and can be removed by skimming. In the illustrated embodiment,
a conveyer type of skimmer 28 1s used however it will be
appreciated that other methods can be used to skim shredded

solids-loaded polymer foam 12 from water lavyer 24.

Shredded solids-locaded polymer foam 12 is mechanically
compressed to recover the hydrocarbons 30. In the illustrated
empbodiment, two compression blocks 32 are used to compress
shredded polymer foam 12, however it will be appreciated that
other mechanical devices can be used to effectively compress
shredded polymer foam 12. After hydrocarbons 30 have been
removed, shredded solids- loaded polymer foam 12 can be
recycled for use agalin i1n hydrocarbon recovery. Water lavyer
24 recovered can also be recycled and reused as cold water 16

for further hydrocarbon recovery.

Referring to FIGURE 2, there 1s i1llustrated a method of
removal of hydrocarbons from soils using solids-loaded polymer
foam 1nvolving a second mixing order where shredded solids-
loaded polymer foam 12 1s dry mixed with soils containing
hydrocarbongs 18 prior to adding water 16. Once shredded
sollds-loaded polymer foam 12 has been dry mixed with soils
containing hydrocarbons 18, water 16 i1s added (preferably cold

water to save expense). Once water 16 is added, hydrocarbons
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are adsorbed by shredded solids-loaded polymer foam 12. The
mixture tends to separate into layers with solids 20 settling
at the bottom 22 of the mixture 34 and shredded solids-loaded
polymer foam 12 will float on top 26 of water layer 24.
Shredded solid-loaded polymer foam 12 can then be removed by
skimming. Shredded solids-loaded polymer foam 12 can be
mechanically compressed to recover the hydrocarbons 30. After
removal of hydrocarbons 30, shredded solids-loaded polymer foam
12 can be recycled for use again in hydrocarbon recovery. It
has been found that by dry mixing shredded solids-loaded
polymer foam 12 with soils containing hydrocarbons 18 prior to

adding water 16, less water is required.

Referring to FIGURE 3, there is illustrated a method of
removal of hydrocarbons from soils by use of a third mixing
order which involves wet mixing shredded solids-loaded polymer
12 with water 16 prior to being brought into contact with soils
containing hydrocarbons 18. It has been found that this method

of mixing is well suited to in situ recovery of hydrocarbons

from soills.

In the 1llustrated embodiment, there is provided an earth

formation, generally indicated by reference numeral 34, that
1s made up of soils containing hydrocarbons 18. An inlet well
36 and an outlet well 38 are drilled into earth formation 34
1n spaced relation. Shredded solids-loaded polymer 12 is wet
mixed with water 16 and then fed into inlet well 36. The
shredded solids-loaded polymer 12 and water 16 tend to migrate
through earth formation to outlet well 38. 1In the process of
migrating through earth formation 34, the shredded solids-
loaded polymer 12 comes into contact with soils containing
hydrocarbons 18. Hydrocarbons are adsorbed by shredded solids-
loaded polymer foam 12. It will appreciated that in order to
permit migration through earth formation 34, that solids-loaded
polymer foam 12 must be finely shredded. Some solids will tend
to settle 1n outlet well 38. A mixture 40 exiting outlet well
38 1s then subjected to further treatment. Solids 20 will tend
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to settle at the bottom 22 with a water layer 24 forming above

solids 20. Solids-loaded polymer foam 12 (with adsorbed

hydrocarbons) will tend to rise to the top 26 and float on

water layer 24. As described with first order of mixing and

second order of mixing, shredded solids-loaded polymer foam 12
floating on water layer 24 and can then be removed by skimming.
Shredded solids-loaded polymer foam 12 can then be mechanically

compressed to recover the hydrocarbons 30.

After hydrocarbons 30 have been removed, shredded solids-
loaded polymer foam 12 can be recycled for use again in
hydrocarbon recovery. Water layer 24 recovered can also be

recycled and reused as cold water 16 for further hydrocarbon

recovery.

In this patent document, the word "comprising" is used in
1ts non-limiting sense to mean that items following the word
are 1ncluded, but 1items not specifically mentioned are not
excluded. A reference to an element by the indefinite article
"a" does not exclude the possibility that more than one of the
element 1s present, unless the context clearly reguires that

there be one and only one of the elements.

It will be apparent to one skilled 1i1n the art that
modifications may be made to the 1llustrated embodiment without
departing from the spirit and scope of the invention as

hereinafter defined in the Claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1) A method of removal of hydrocarbons from soils using
solids-loaded polymer foam, comprising the steps of:

providing the solids-loaded polymer foam consisting of
an open-celled polymer foam matrix with zeolite dispersed and
bound throughout the foam matrix; and

mixing solls containing hydrocarbons, the solids-loaded
polymer and water, hydrocarbons being adsorbed by the solids-
loaded polymer foam.

2) The method as defined in Claim 1, the solids-loaded
polymer foam being dry mixed with soils containing

hydrocarbons prior to adding water.

3) The method as defined in Claim 1, the soils containing
hydrocarbons being mixed with water prior to adding the

solids—-loaded polymer foam.

4) The method as defined in Claim 1, the solids-~loaded
polymer foam being wet mixed with water prior to being
brought into contact with soils containing hydrocarbons.

5) The method as defined in Claim 1, including a hydrocarbon
recovery step of mechanically compressing the solids-loaded
polymer foam to recover the hydrocarbons.

0) The method as defined in Claim 1, the solids-loaded
polymer foam being shredded, thereby facilitating mixing and
increasing surface contact area.

7) The method as defined in Claim 1, the polymer foam being

polyurethane foam.

8) The method as defined in Claim 1, the water being
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unheated water.

9) The method as defined in Claim 1, the solids-loaded

polymer foam being removed from the mixture by skimming.

10) The method as defined in Claim 1, the zeolite belng at
least 5% by weight of the solids-loaded polymer foam.

11) The method as defined in Claim 1, the zeolite being

10 natural zeolite, as opposed to synthetic zeolite.

12) The method as defined in Claim 5, including a polymer
foam recycling step of reusing the solids-loaded polymer foam
for further hydrocarbon recovery.

15
13) The method as defined 1in Claim 1, including a water
recycling step of reusing the water for further hydrocarbon

recovery.
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14) A method of removal of hydrocarbons from soils using
solids-loaded polymer foam, comprising the steps of:

providing shredded solids-loaded polymer foam consisting
of an open-celled polyurethane foam substrate with zeolite
dispersed and bound throughout the foam matrix, the zeolite
being at least 5% by weight of the shredded solids-loaded
polymer foam;

forming a unheated slurry of unheated water and solls
containing hydrocarbons;

mixing the shredded solids-loaded polymer foam into the
unheated slurry, whereby hydrocarbons 1in the unheated slurry
are adsorbed by the shredded solids-loaded polymer foam; and

mechanically compressing the shredded solids-loaded

polymer foam to recover the hydrocarbons.

15) The method as defined in Claim 14, the shredded solids-
loaded polymer foam being removed from the unheated slurry by

skimming.

16) The method as defined in Claim 14, the zeolite being

natural zeolite, as opposed to synthetic zeolite.

17) The method as defined in Claim 14, including a polymer
foam recycling step of reusing the shredded solids-loaded

polymer foam for hydrocarbon recovery.

18) The method as defined in Claim 14, including a water
recycling step o0f reusing the unheated water for further

hydrocarbon recovery.
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19) A method of removal of hydrocarbons from solls using
solids-loaded polymer foam, comprising the steps of:

providing shredded solids-loaded polymer foam consisting
of an open-celled polyurethane foam substrate with zeolite
dispersed and bound throughout the foam matrix, the zeolite
being at least 5% by weight of the shredded solids-loaded
polymer foam;

dry mixing solils containing hydrocarbons with the
solids-loaded polymer foam;

adding unheated water to  the solils containing
hydrocarbons mixed with the shredded solids-loaded polymer
foam to form a unheated slurry, whereby hydrocarbons 1in the
unheated slurry are adsorbed by the shredded solids-loaded
polymer foam; and

mechanically compressing the shredded solids-loaded
polymer foam to recover the hydrocarbons.

20) The method as defined in Claim 19, the shredded solids-
loaded polymer foam being removed from the unheated slurry by
skimming.

21) The method as defined 1in Claim 19, the zeolite being

natural zeolite, as opposed to synthetic zeolite.

22) The method as defined in Claim 19, including a polymer
foam recycling step of reusing the shredded solids-loaded

polymer foam for hydrocarbon recovery.

23) The method as defined in Claim 19, including a water
recycling step o0f reusing the unheated water for further
hydrocarbon recovery.
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24) A method of removal of hydrocarbons from soils using
solids—-loaded polymer foam, comprising the steps of:

providing shredded solids-loaded polymer foam consisting
of an open-celled polyurethane foam substrate with zeolite
dispersed and bound throughout the foam matrix, the =zeolite
being at least 5% by weight of the shredded solids-loaded
polymer foam;

providing an inlet well, an outlet well, with
hydrocarbon bearing solls positioned in an earth formation
between the inlet and the outlet;

injecting water and the solids-loaded polymer foam into
the inlet well; and

recovering the solids-loaded polymer foam at the outlet
well and mechanically compressing the shredded solids-loaded

polymer foam to recover the hydrocarbons.

25) The method as defined in Claim 24, the water being

unheated water.

20) The method as defined in Claim 24, the zeolite being
natural zeolite, as opposed to synthetic zeolite.

27) The method as defined in Claim 24, including a polymer
foam recycling step of reusing the shredded solids-loaded
polymer foam for hydrocarbon recovery.

28) The method as defined in Claim 24, including a water
recycling step of reusing the unheated water for further
hydrocarbon recovery.
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