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(57) Abrége/Abstract:

A process for separating an aqueous emulsion including an agueous phase and an non-agqueous phase Into separated
agueous and non-aqueous phases, to provide a recovered non-agueous phase, and to provide a recovered agueous phase
containing an acceptable level of the non-agueous phase. In the process, at least one body, and preferably two or more bodies,
of polymeric material with a high surface area, typically a foam material or polymer chips, Is used in a horizontal flow treatment
system to break the emulsion and thus provide both the aqueous and non-agueous phases as two separate flows. A wide range
of polymers can be used in the system as the polymeric material including polyurethane, polypropylene, polystyrene, polyester,
and polyethylene. If a very low level of non-aqueous phase In the effluent Is required, for example to meet potable water
standards, then a Kozlowski polyurethane, as described in US 5,239,040, Is preferred as the last polymeric material body.
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(57) Abstract: A process for separating an aqueous emulsion including an aqueous phase and an non-aqueous phase into separated
aqueous and non-aqueous phases, to provide a recovered non-aqueous phase, and to provide a recovered aqueous phase containing
an acceptable level of the non-aqueous phase. In the process, at least one body, and preferably two or more bodies, of polymeric
material with a high surface area, typically a foam material or polymer chips, is used in a horizontal flow treatment system to break
the emulsion and thus provide both the aqueous and non-aqueous phases as two separate flows. A wide range of polymers can be
used in the system as the polymeric material including polyurethane, polypropylene, polystyrene, polyester, and polyethylene. If
a very low level of non-aqueous phase in the effluent is required, for example to meet potable water standards, then a Kozlowski
polyurethane, as described in US 5,239,040, is preferred as the last polymeric material body.
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POLYURETHANE OIL DE-EMULSIFICATION UNIT

In the recent past, there have been several well
documented instances of the inadvertent spillage of liquids
causing both environmental, ecological, and even toxicological
problems for plant species, insects, wild life, and even
‘people. Examples of spilled liquids include oils and solvents,
and a group of materials known loosely as PCB's. For many of
these liquids, methods of clean up are Kknown, even for

relatively difficult ones, such as crude oil and PCB's.

For Iﬁany of these materials, a feasible method of both
clean up and recovery 1is described by Kozlowski, 1in US
5,239,040, This method has been shown to be both practiéal,
and effective, in that rather than simply dispersing the
spilled liquid with, for example, a detergent, the spilled
liguid itself is recovered. It is then possible to separate

the recovered liquid from the recovery agent so that the

recovered liquid can be safely dealt with in an appropriate
fashion, and'so that the recovery agent itself an be re-used
to capture more liquid. As described by Kozlowski, the
recovery agent and the recovered liquid are separated Dby

centrifugation. The recovery agent described Kozlowski 1is a

polyurethane foam material, which is prepared from specified
reactants using a particular process. Hereafter this material

will be described as "Kozlowski polyurethane foam".

In addition to its ability to fﬁnction as a re-useable
liquid recovery agent, Kozlowski polyurethane has been shown
'to be useable to recover, for example, o0il which has been
spilled onto water. The Kozlowski polyurethane has been shown
to be able to absorb, for example, o1l not only when the foam
is essentially dry but also when the foam is essentially fully

wet or even waterlogged.
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Another difficulty with spilt non-aqueous liquids arises
when water 1is present. A water immiscible 1liquid can be
present in association with water in two quite different forms.
At least a part of it will generally be present as a discrete
second phase, which may be heavier or lighter than water. The

remainder will generally be present as an emulsion, of at least

some level of stability, and in which water can be either the

continuous phase or the disperse phase. In both cases; there

is also the difficulty that nearly all substances that appear
to be immiscible with water, for example light hydrocarbons
such as benzene, in fact are soluble in water to. a small
extent, often at a level of parts per million. For an aqueous
emulsion in which water is the continuous phase, Kozlowski, 1in
WO 94/21347, disclosed that in addition to absorbing o1l
droplets dispersed as a second phase 1in water, Koz‘lowski
poiyurethane, even when water logged, will also absorb

dissolved o0il down to the low levels required for potable

water.

In WO 94/21347 Kozlowski describes a water treatment
procedure 1in which the tainted water 1s allowed to <flow
downwardly through successive layers of Kozlowski polyurethane.
The outflow of water has to be monitored, and the foam layers
removed to recover absorbed o0il from them when the o1l level

in the outflow water rises to an unacceptable value.

Although the procedure described by Kozlowski 1in WO
94/21347 appears to deal with aqueous emulsions, 1n practise
it has several disadvantages, the most relevant one being that
all of the oil, both as disperse phase and as solute, has to
be absorbed by the Kozlowski polyufethane, recovered from 1t
typically by centrifugation, and the Kozlowski polyurethane re-
used to recover more oil. It is thus apparent that treating

a large volume of water containing only relatively small
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amounts of emulsified o0il can become very time consuming.

There is therefore a need for an alternative technique to the
use of Kozlowski polyurethane, as described in WO 94/21347, at
1

emulsions.

cast as a primary treatment for dealing with aqueous

anlien

The only other apparently viable alternative for dealing
with emulsions is to flocculate the droplets until a size 1is
reached at which separation into two phases will occur. This
will generally require flocculation to a droplet size 1n excess
of at least 30um. However, thilis technique requlres the
consumption of chemicals and the creation of a chemical sludge.

It is consequently not environmentally friendly in use.

This invention seeks to overcome these difficulties, and
to provide a treatment apparatus and process which will deal
with aqueous emulsions reasonably quickly, and which will

provide the non-aqueous phase in a recoverable form.

This invention is based on the discovery that not only
Kozlowski polyurethane foam, but also other polymeric materilals
when fabricated into a body of high surface area material such
as a foam, if used under the correct conditions, will function
as an emulsion breaker, and will separate a flow of an aqueous
emulsion into two separate phases. It has now been found that
when several polymeric materials when fabricated into a body
of high surface area matérial are exposed, for example, to a
flow of an emulsion of oil and water containing up to at least
about 10,000 ppm dispersed oil, two processes appear to take
place. First, the polymeric material absorbs oil until it
becomes saturated with oil. Second, as the polymeric material
continues to absorb more oil, it releases as much oil as it

absorbs, but it does so at a droplet size which is sufficiently

large to coalesce into a separate o01il phase. It 1s then
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possible to separate the aqueous and non-aqueous phases, and
recover each of the two phases separately. Further, by the use
of a sequence of treatment steps, the majority of. the
emulsified non-aqueous material can be recovered, so that a
Kozlowski polyurethane foam absorbent only may be necessary Ior
the last, or for the last few, treatment steps in the sequence.
The only significant restrictions on the

polymer material appear to be first the ability to form a high
surface area material, such as a foam, from it, and second that
the polymeric material chosen is resistant to degradation under
the conditions of use; for example, a polyester material is not
suitable under alkaline conditions which will result 1in
hydrolytic degradation of the polymer, but which would be
resisted by a polyalkylene such as polyethylene.

Thus in its broadest embodiment, this invention seeks to
provide a process for separating an aqueous emulsion having a
continuous agueous phase and an non-aqueous disperse phase into
separated aqueous and non-aqueous phases, to provide a
recovered non-aqueous phase, and to provide a recovered aqueous
prhase containing an acceptable levél of the non—-aqueous phase,
which process comprises:

(a) contacting a flow of an aqueous emulsion with a first

body of polymeric material having a high surface area;

(b) allowing the first body of polymeric material to

become saturated with the non-aqueous phase of the

emulsion;

(c) continuing the flow of aqueous emulsion until a

separate non-aqueous phase 1s formed;

(d) separating the non-aqueous phase from the aqueous

prhase;

(e) recovering the separated non-aqueous phase;

(f) recovering a flow of treated aqueous phase; and
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(g) if required, repeating steps (a) to (f) to contact

the flow of treated aqueous phase with at least a second
body of polymeric material having a high surface area
until the acceptable level of non-aqueous material is

reached in the flow of recovered aqueous phase.

Preferably, the polymer used in the polymeric material 1s
chosen from the group consisting of polyurethane,
polypropylene, polystyrene, polyester, and polyethylene. More

preferably, the polymeric material is polyurethane.

Preferably, the polymer material having a high surface
area 1is a polymeric foam material. More preferably, the

polymer material having a high surface area 1s a particulate

polymeric foam material. Alternatively, the polymer material

having a high surface area is 1n fhe form of polymer chips.

Preferably, the flow of aqueous emulsion 1in step (a)
contacts the first body of polymeric material 1n a flow
direction chosen from the group consisting of horizontal,

vertical downwardly, and vertical upwardly.

Preferably, a plurality of bodies pdlymeric material 1s

used, the flow contacts each of them in sequence, and separated
non-agqueous phase is recovered from the flow after the each
body of polymeric material. Alternatively, a plurality of
bodies polymeric material is used, the flow contacts each of
them in sequence, and separated non-aqueous phase 1S recovered
from the flow after the each body of polymeric material except
for the last, and separated non-aqueous phase is recovered Ifrom
the last body.
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Preferably, when a sequence of bodies of polymeric
materials is used, at least the last body of polymeric material

comprises a Kozlowski polyurethane foam.

Preferably, the process further includes pretreatment
steps prior to step (a) in which steps:

(h) non-agqueous phase droplets large enough to coalesce

are allowed to form a separated non-aqueous phase,

(i) the separated non-aqueous phase is recovered, and

(§) the agqueous phase is recovered and used as the flow

in step (a).

The invention will now be described by way of reference

to the attached drawings in which:

Figure 1 shows schematically a three unit treatment

system;
Figure 2 shows schematically an alternative unit;
Figure 3 shows graphically the performance of Kozlowskl
polyurethane and four other commercially available

polyurethane materials;
Figures 4, 5, 6 and 7 show graphically the performance oI

foams of polyurethane', polypropylene, polystyrene,
polyester, and polyethylene.

Referring first to Figure 1, this shows schematically a
three compartment unit together with a pre—tréatment unit. The
treatment system 1 comprises a set of boxes 2, 3, 4, 5, 6, 7
and 8. These can be fabricated as separate units, or they can
be fabricated .in pairs as shown, or as a single complete
treatment system. A flow of incoming aqueous emulsion 9 entefs
box 2, which is a pretreatment unit. The emulsion flow 9 will
enter this box typically at about one third to one half way up

from the bottom. In this'box; any large droplets coalesce 1nto
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a separated non-aqueous phase 10, which is removed through the

pipe 11.

The next box 3 has foraminous sidewalls 12 and 13, and a
solid top sheet 14. The box is packed with high surface area
polymeric material 15, which is typically a foam. The foam :is
normally used in a particulate form, in part to assist 1in
packing the box, and in part to ensure the exposure of a high
surface area to the f_iow through the box. A typical particle
size is from about 5mm to about 20mm. The separated adqueous
emulsion phase 16 from box 2 enters box 3 through the wall 12,
contacts the polymeric material 15, and passes through wall 13
into box 4. in box 3, further separation of the non-aqueous
and aqueous phases occurs. In box 4, the two phases separate
to provide a second separated non—-aqueous phése 17 which 1is
recovered through the pipe 18, and a treated aqueous phase 19

passes to box 5. As shown, box 4 includes an enlarged optional

catchment space extending over the top of box 3.

Boxes 5 and 6 are constructed in the same way as boxes 3
and 4. Treated aqueous phase 19 enters box 5 through the
foraminous wall 20, contacts the polymeric material 21, and
leaves through foraminous wall 22. In box 6 further non-
aqueous phase 23 separates, is collected, and recovered through
the pipe 24. Twice treated aqueous phase 25 passes TO boxes
7 and 8, which again are the same as boxes 3 and 4, with a
third body of polymeric material between two foraminous walls.
In box 8 further non-aqueous phase 26 1s collected and
recovered through pipe 27, and a flow 28 of treated aqueous
phase leaves the system from box 8. In each of plpes 18, 24
and 27 a suitable flow control device is used, such as a float

operated automatic valve, or a time sequenced valve.
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r—“ T W - L F “w dn 1

In the treatment system, the flow rate of incoming aqueoﬁs
emulsion 9 is adjusted so that there is an adequate contact
time between the aqueous emulsion and the polymeric materilal
in boxes 3, 5 and 7 to effect separation of the non-aqueous
phase, and to form a free floating non-aqueous phase layer.
In practise, this is generally found to be sufficient to

provide droplets having a size in excess of at least about 150

um.

If the acceptable 1level of non-aqueous phase 1in the
treated agueous phase 28 1is "extremely low, for example if the
treated aqueous phase is intended to meet. the standards for
potable water, then it is recommended that at least the third
body of polymeric material in box 7 should be Kozlowski
polyurethane foam. In Ehat case, the Kozlowski polyurethane
foam will be acting as an absorbent only, and not as an
emulsion breaker. Consequently, when the third body - or the
last if more than three are used - is a Kozlowski polyurethane
foam functioning as only an absorbent, a separate non-agqueous
phase will not be formed, and there will not be a non-aqueous
phase flow in pipe 27. Instead, the treated aqueous phase has
to be monitored, so that when the Kozlowski polyurethane foam
becomes fully loaded with non-aqueous phase (which willl be
indicated by a rise in concentration in the treated flow 28)
it is removed, and the non-aqueous phase recovered from 1it,
typically by centrifugation. In order to avoid having to cease
processing while non-aqueous phase is recovered vfrom the loaded
Kozlowski polyurethane, it is convenient to provide two

treatment units in parallel, which are used alternately.

Similarly, if the incoming aqueous flow 9 1is heavily
contaminated with the non-aqueous phase, more than three
polymeric material bodies may be required. The number required

will be largely determined by the level of contamination which

-8-—
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is acceptable in the effluent water from the treatment unit.
If the incoming aqueous flow also contains solid material, 1t
is advantageous to provide a vent 29 from box 2 so that

accumulated solids can be periodically removed.

The polymeric material in the first compartment may also

need to be inspected periodically, and replaced if it becomes
clogged with suspended small particle size solids in the

aqueous flow which have not been separated in a pretreatment

stage.

This unit has the advantage that the non-aqueous phase
droplets as they are detached from the body of polymeric °
material simply continue to rise away from it, and 1t is only

the treated flow which moves laterally.

In Figure 1 the flow of aqueous emulsion through the
bodied of polyurethane material in treatment stages 1s
essentially horizontal. It is also possible to arrange the
treatment stages so that the 6 flow passes through the
polyurethane body essentially vertically, in either an upward
or a downward direction. A suitable treatment unit is shown

in Figure 2 1in which the flow passes in an upward direction.

In Figure 2 the treatment unit 40 as shown 1is essentially

a single structure: like the horizontal unit it can be made as
one integral structure or from several separate interconnected
boxes. Agueous emulsion enters the bottom of the unit through

a pipe as at 41 into the first box 43. If desired, a drain 42
X

e

can be provided to deal with any solids that accumulate in bc
43. The boxes then alternate upwardly: boxes 43, 45, 4/ and

49 contaln the aqueous phase flowing through the treatment
unit, and boxes 44, 46 and 48 contain the high surface area

polymeric material. Catchment boxes 50, 351, 52 and 53 are then

-G
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located beside each pair of boxes. The construction and

operation of boxes 43{ 44 and 50 is exemplary. The polymeric
material is located on a grid 54, such as a perforated metal
plate, and between the outer solid wall 56A and inner wall 56B.
The wall 56B includes a row of perforations or slots across the
box 43 -just below the grid 54. The top surface 57 of the
catchment box 57 is solid. As the emulsion encounters the
saturated body of polymeric material body 58, the aqueous phase
continues more or less upwardly through it, and into the next
box.. If desii:ed, a second perforated metal plate 55 can be
located above the body of polymeric material 98. As the
polymeric material breaks the emulsion, the separated oil

droplets tend to collect on its lower surface, and tend not to

percolate through it; the separated o1l droplets travel

sideways through the perforations or slots in wall 56B into the
catchment box 50. Separated oil collects as a second phase as
at 59, and is removed through the pipe 60. Flow through the
pipe 60 is again controlled in any suifable way, for example
a float controlled automatic wvalve or a time sequenced valve.
The two following units operate in the same way, to provide a

treated water flow into the following box above, and an o1il

flow in the pipes 61 and 62.

How the last box 49, together with its catchment box 53,
operate depends on the amount of oil still in the aqueous
emulsion flow reaching it, and the amount of oil that can Dbe
accepted in the effluent treated water flow 64. In order to
separate any free oil in the incoming water a suitable wire
arrangement is provided between the box 49 and the catchment
box 53. If the last body of polymeric material in Dbox 48 18
Kozlowski polyurethane foam that is functioning only as an
absorbent, then there should be no separated:oil .flow into the
catchment box 53, and hence no oil flow in the pipe 63. In the

alternative, if the last body of polymeric material in box 48

-10~
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is functioning to separate further oil, then 1t is possible
that there can be some o0il droplets in the water in box 49.

These are then trapped in the catchment box 53, and recovered

as an oil phase through pipe 63.

As described, the treatment unit in Figure 2 1includes
three polyurethane bodies. How many bodies are used will be
determined by essentially thrée factors: the quantity ot
emulsion to be treated, the amount of non-aqueous material in
the emulsion, and the quality level required in the outflow of
treated water. It is therefore possible the more than the
three units shown will be required in some cases. Since units
of this type are often required to be used either under adverse
conditions, or under conditions where only minimal supervision
is possible, it is preferred that the number of treatment

units wused should be more than analyses 1indicate to be

required, thus providing a safety margin.

In the practise of;this invention, as noted above, 1f a
very low level of non-aqueous material in the aqueous phase 1s
required it is usually desirable to wuse a Kozlowskl
polyurethane in at least the last treatment stage. For the
earlier stage, or stages, other polymeric materials can be
used. Figure 3 shows comparative performance data for five

different polyurethane materials. This data 1is based on a

single pass test, in which an aqueous oirl emulsion was passed
through a body of each foam material, and the oll content at

both inlet and outlet was determineéi. In these tests, a 10 cm

diameter pipe was used containing five compartments. The first
and third compartments, each about 4 cm in length, contained
the tést sample of polyurethane. The first, third and fifth
compartment were empty, and about 0.8 cm in length. The flow

through the test pipe was horizontal. The emulsion used was

~1]m



CA 02421076 2003-02-28
WO 02/20115 PCT/CA01/01284

10W30 motor oil mixed into water using a centrifugal pump at

3,450 rpm. The flow rate was constant, at 1.5 L/min.

In Figure 3, the effluent oil level(vertical axis) 1is
plotted against the inlet oil level (horizontal axis), 1n ppm

on both axes.

The five polyurethane materials are identified as foliows.
A: Kozlowski polyurethane foam.

Upholstery grade foam chips, composition unknown.
Great Stuff(TM) polyurethane foam.

Great Stuff(TM) expanding polyurethane foam.

All Direction Great Stuff (TM) polyurethane foam.

k9 O O W

Product B is a standard commercial product availlable from
many sources; its composition is not known. The product was
supplied by Eversoft Fibre and Foam Ltd. Products C, D and E
are all commercially available, and are made by Flexible
Products Co., Joliet, Illinois, USA. The mailn components
appear to be 4,4'~diphenylmethanediisocyante, a
polyether/polyol blend, and a blowing agent. As Figure 3
shows, all of these products are capable of significantly

reducing the oil content of the o0il and water system tested.

Figures 4, 5, 6 and 7 the results of similar tTest are

shown using other polymeric.materiéls, with a polyurethane foam

included for comparison. In these tests, the cylinder
contained four compartments packed with the polymeric material,
the flow rate was 1.2 litres/minute, and the test oil in the
emulsion was 10W30 motor oil. The test polymers used were:

- in Figure 4, polyethylene;

- in Figure 5, polyester}

- in Figure 6,. polystyrene; and

- in Figure 7, polypropylene.

~12-
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The polyester and polyurethane were used as foams; the
polyethylene, polystyrene and polypropylene were used as high
surface area small particles, which were thin cutting
chips (similar to swarf) with a maximum dimension of about OSmm.
In each experiment, the mixture of oil and water was passed
through the cylinder, and the oil level measured before and'

after treatment. The o0il level in the aqueous flow was not

constant.

In each of Figures 4 - 7 the horizontal axis is time in
hours; and the vertical axes are in parts per million (ppm) .
The left axis refers to the treated aqueous flow, and the right
axis to the untreated aqueous flow; these axes are not to the
same scale. In each Figure, trace A is the incoming aqueous
0il containing flow; trace B 1is after treatment with
polyurethane, and trace C is after treatment with the test
polymer. In each Figure the traces show that the amount of oil
left in the aqueous flow is related to the amount of oil
present initially. These traces also show that of the
materials tested, the polyurethane appeérs to be the most
effective, and reduces the oil level to generally less than a

maximum of about 50ppm.

~13-
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‘amended claims

1. A continuous procese for separating a flow of an agueous
emulsion including an aquec;us continuous phase and an non-
agueous disperse phase :i_.ntd separated aqueous and non-é.qfueous
phases, to provide a first flow comprising  a recovered non-
agqueous phage, and- to provide a second flow corl;prising a
recovered agueous phase containiﬁg an acceptable level of the
non- aqueous phase, ‘which continuous process comprises:
(a) contact:.ng the flow, of an agueous emulsion. with a
first body" of pqumerlc material having a high sﬁrface area;
(D) allowing the £firgst body of polymeric material to
become gsaturated with the non-agqueous phase of the flow of
emulsion; | |
(a) ‘continuing the flow of aquéous emuls;ion until a
separate non- -aquecus phase is formed; |
Y separatlng the separated non-aqueous phase obtained ‘
in step (c) without stopping the flow of agueous emulsion;
| (&) recovering. the separa.ted non-agqueous phase obtained
in step (d) without stoppiné the flow of agueous emulsion;
(£} recovering a flow of treated aqueous phase without
stopping the flow of agueous emuls:.on, and
(g) repeatn.ng steps (a) to (f) to contact the Fflow of
treated aqueous phase' with at ~ least :a gecond body of
polymexic rﬁateriai having a high surface area until the
accéptable level of non-agueous phase 1is reached in the flow

of recovered agqueocug phase,

| 2. A process according to- Clalm 1 wherein the polymer in the
polymera.c: material is chosen from the group consisting of
polyurethane, polypropylene , polystyrene, polyester, and
polyethylens. | | :
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3. A process according to Claim 2 wherein the polymer in the

polymeric material is polyurei:hane.

4. A process according to Claim 1 wherein the polynex
material having a high surface area is in a form chosen from
the grbup consisting of foam and high surface area chips.

5. A procesg according to Claim ‘4 wherein the polymer
material having a high surface area is a particulate polymeric
foam material. | |

6. A process according to Claim 1 wherein a plurality of
- bodies of polymeric material 'is’ used, the flow contacts each

of them in ‘sequence.,- and separated non-aqueoug phase is

recovered after each body of polymeric matexrial.

7. A proceas according to Claim 1 wherein a plurality of
bodies of polymeric material is used, the flow ¢ontacts each
of them in sequence, and separated . non-aqueousk phase is
recovered after each body of pOlymeric me;tgzrial except for the

last, and separated ‘aquéous phase is recovered from the last
body., "

8, A process according to (ﬁlaim 1l whersin, when a sequence of
bodies of pblymeric materials is uéed, at least the last body

of polyurethane material comprises a Kozlowski polyurethane.

9. A process according to Claim 1 which Ffurther ‘includes
pretreatment steps.prior to step (a) in which steps:

(h) non-agqueous phase droplets large enough to coalesce
are allowed.to form a separated non-agqueous phase,

(1) the separated non-agqueous phase is recovered, and

0.
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(3) - the agquecous.phase 1§ recovered and used as the flow

in step (a).
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