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A METHOD AND APPARATUS FOR LOOSENING OIL FROM ICE
OBJECT OF THE INVENTION

The object of the invention being presented I1s a method and apparatus for loosening oil
that has become adhered or affixed to ice in cold conditions.

-

PRIOR ART

As the intensity of oil exploration and transportation of oil increases in Arctic regions, also
the risk of oil disasters occurring in these areas has substantially increased. It has been
observed that all known methods and equipment for removing oil are intended for open
water, and no effective method and equipment exist for removing oil from among ice. This
is mainly caused by the fact that oil clings tightly to pieces of ice and slush, which makes it
extremely difficult to loosen and remove the oil from pieces of ice.

Depending on the temperature and the quality of the material spilled into water, oil among
ice can be almost solid in fbrm, which makes it impossible to convey it by pumping. In such
a case the only way to rembve the material from a body of water is often the application of
scoops, shovels or similar hand tools by which oil and oily pieces of ice '

and blocks of ice are collected from the water into a collection tank of a recovery vessel.
Transporting blocks of ice away is not a very effective way of combatting an oll spill,
however. |

There have been attempts to remove oil from pieces of ice by mechanical apparatuses,
such as brushes, but this has not proven very effective either. The problem with brush
apparatuses is that generally the brushes can only sweep oil located on the upper surface
of an ice sheet. Because the temperature of the ice’s surface under an oil layer is generally
several degrees Celcius below zero, only very little of the oil which is in a near-solid form
can be recovered. Only the olil layer on the underwater surface of the ice block will
somewhat adhere to brush apparatuses, but even so collecting large quantities of oil is
slow and not very cost effigient. 1

As it has been observed that solely méchanical solutions will not solve the problem,
attempts have been made to loosen oil on the surface of ice also by means of high-
pressure water jets, hot water and hot steam. Another attempt to separate oil from pieces
of ice involves the melting of the pieces of ice collected in a collection tank by heating up
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water contained in the collgection tank or by spraying high-pressure steam into among the
ice. Once the ice bieces have melted, the oil and the water can be separated from each
other. This, however, yields a lot of water but little oil, which is not very efficient.
Furthermore, heating up the water requires high thermal power and consumes a lot of
energy, and even so the ice will melt slowly, which makes it impossible to maintain such a
process in maritime conditions and to melt large quantities of ice.

By using water in its various forms it has indeed been possible to loosen some oil from the
surface of ice, but this also produces a large volume of problematic water and oil emulsion,
i.e. a milky mixture of a large quantity of water and a small quantity of oil. The emulsion
cannot be collected by means of brush apparatuses because it adheres poorly to
mechanical brush apparatuses. Therefore the water and oil must be separated by means
of a separation process, as international conventions prohibit the discharging of water from
a recovery tank back to a body of water without separation. The separation process must
achieve an oll consistency*';o"f less than 12 ppm/ml in water. As a method, however,
separation is complicated and slow and consumes'a lot of energy. The separation of oil
and water can take several hours, evén days. Thus a recovery vessel would need several
powerful separators for separation, and the separation capacity would dictate the oil
recovery capacity of the vessel. This would make oil recovery slow, costly and inefficient.

The patent publication US 7,785,035 B2 presents a separation system installed on a
recovery vessel making it possible to loosen at least some of the oil on the surface of
blocks of ice. The separation system has a mechanical screen structure and additionally
water spray apparatuses. After processing in the separation system, ice blocks with at
least some oil remaining on their surface are conveyed into a collection space in the
recovery vessel. A problem of the method and system presented in the publication is that
the collection process cannot be made continuous. This is because, as soon as the
collection space of the recovery vessél s filled with ice and oil, the vessel must be
unioaded betore the oil recovery can be continued. Often there is no nearby location
available for unloading, so eliminating the necessity of t;ansponing away anything else but
the collected oil would be irhportant. Filling the collection space unnecessarily with pieces
of ice is not practical.

Due to what is presented above, the traditional known methods have been little used and it
IS obvious'”ly Important to develop more efficient methods for recovering oil in Arctic
conditions in case of oil disasters.
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PURPOSE OF THE INVENTION

The purpose of this invention is to create a method and an apparatus overcoming the
above-mentioned drawbacks. The purpose of the invention IS furthermore to create a
method and an apparatus which make it possible to more efficiently collect spilt oil in cold,
Arctic ice conditions, where the oil has often become tightly affixed to the surface of the
ice. By means of the invention, the oil can be more easily and quickly loosened from the
surface of the ice.

CHARACTERISTICS OF A METHOD ACCORDING TO THE INVENTION
A method according to the invention is characterized in that, to loosen oil adhering or
affixed to ice, the surface of the ice is treated with warm or hot oil.

By means of the invention,b oll adhering or affixed to ice can be effectively ioosened without
producing a large quantity of problematic water and oil emulsion, such as in known
methods aiming to loosen oil by means of hot water or hot vaporized water.

EMBODIMENTS OF THE METHOD ACCORDING TO THE INVENTION

A preferred embodiment of the method according to the invention is charabterized in that
warm or hot oil is sprayed onto oil adhering to the surface of ice. An alternative course of
action is that a piece of ice to which oil has adhered is placed in a basin or tank containing
warm or hot oil. To make the cleaning of the ice or a piece of ice more efficient, in addition
to the warm or hot oil treatment, at least one jet of compressed air is directed at the
surface of the ice prior to the warm or hot oil treatment and/or after the treatment. In
addition to the warm or hot oil treatment, the piece of ice can additionally be taken placed

3

in a basin containing warm or hot water.

Another preferred embodiment of the method according to the invention is characterized in
that, to loosen oil adhering to ice, a piece of ice in cold water is taken into an oil recovery
vessel where the surface of the piece of ice is treated with warm or hot oil and, if
necessary, also with compressed air and hot water, after which the cleaned piece of ice is
conveyed back to the water.

A third preferred embodiment of the method according to the invention is characterized in
that oil similar to or of the same type as the oil to be loosened from the ice is used for the
treatment of the ice or piece of ice by means of warm or hot oil. Thus, according to yet
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another preferred embodiment, the oil loosened from the piece of ice is warmed or heated
up and used for the treatment of another piece of ice by means of warm or hot oil.

CHARACTERISTICS OF AN APPARATUS ACCORDING TO THE INVENTION

5
An apparatus according to the invention is characterized in that an apparatus for loosening
oil adhering or affixed to ice is comprised of:
- an oil tank,
- a heating member for warming or heating up oll, and
10 - members to bring the Warmed-up or heated-up oil in contact with the oil adhering or

affixed to ice.

EMBODIMENTS OF THE APPARATUS ACCORDING TO THE INVENTION

15 A preferred embodiment of the apparatus according to the invention is characterized in
that the apparatus comprises at least one stream nozzle to spray warm or hot oil and to
direct it at oil adhering to ice or to a piece of ice. Alternatively, the apparatus comprises a
basin or a tank with warm or hot oil in it and a transfer member to convey the piece of ice
into the basin or tank containing warm or hot oil.

20
Another préferred embodiment of the apparatus according to the invention is characterized
In that the apparatus comprises at least one compressed-air nozzle to direct and aim
compressed air at the surface of a piece of ice prior to and/or after the warm or hot oil
treatment is directed at the piece of ice. According to one alternative, the apparatus

25 comprises a hot water basin and a conveyor for taking the piece of ice into the hot water
basin after the piece of ice has been brought in contact with warm or hot oil.

A third preferred embodiment of the device according to the invention is characterized in
that the apparatus is located on an oil recovery vessel and that the apparatus comprises:
30 - aconveyor for taking a piece of ice in cold water onto the oil recovery vessel,
- one or several stream nozzles on the oil recovery vessel and/or an oil basin for
bringing the warmed-up or heated-up oil in contact with the piece of ice,
- a hot water basin and a conveyor for conveying the piece of ice into the hot water
basin, '
35 - one or several stream nozzles for directing a jet of compressed air at the surface of
the piece of ice, and |
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- a conveyor for discharging the cleaned piece of ice from the oil recovery vessel back
to the water.

According to yet another preferred embodiment of the invention, it is advantageous that
the apparatus comprises an oil tank or a basin containing the same or similar type of oil as
the oil to be loosened from the ice. It can also be the same oll as ‘that IS loosened from the
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ice. In such a case, the ap'pératus according to the invention comprises a heating
apparatus for warming or heating up the oil loosened from the piece of ice, and members

for spraying the warmed-up or heated-up oil loosened from the piece of ice onto the

surface of another piece of ice to loosen the olil that has adhered to it.

U

EXAMPLES OF EMBODIMENTS
In the following, the invention is described using an example with reference to the

appended drawing, wherein Figure 1 shows a schematic side view of an oil recovery
vessel according to the invention.

Fig. 1 schematically shows an oll fecovery vessel 10 according to a preferred embodiment
of the invention, wherein the bow is a hatch 11 that can be opened and forms a bow gate,
by opening of which an oil recovery opening 12 is formed in the opening of the hatch 11.
This oil recovery opening 12 is such located at the waterline of the oll recovery vessel 10
that the oil recovery opening 12 reaches both below the surface of the water 15 and above
it.

The direction of motion of ’Ehe oil recovery vessel 10 is marked by an arrow such that it is to
the left in Fig. 1. This way oil 16 on the surface of the water 15 and oily pieces of ice 17 in
the water are carried through the oil recovery opening 12 of the oil recovery vessel 10 into
the oil recovery vessel 10. '

In the example shown in Fig. 1, there is a separation screen 20 in conjunction with the
hatch 11 in the bow gate of the oll recovery vessel 10, the purpose of which is to agitate
pieces of ice 17 on the surface of the water 15 such that at least some of the oil adhering
to the pieces of ice 17 are loosened already at this stage. The possibly loosened oil is
carried on the water’s surface along with the water flow into the collection space 21 of the
oil recovery vessel 10 and from thereon into another collection space 22. The separation
screen 20 is not always necessary, however, nor is it useful if the oil has already become
tightly affixed to the pieces of ice 17.
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The collection space 21 and the other collection space 22 are connected to each other
such that there is a separation bulkhead 23 between them, extending almost to the surface
of the water, and the oii on the water’'s surface, being lighter than water, can enter the
coliection space 22 from the collection space 21 over the bulkhead. The water can exit
through outlets 24 located at the bottom of both the collection spaces 21 and 22. The
collection space 22 can alsb be a storage tank of the oil recovery vessel 10, but the oil on
the water’s surface in the collection spaces 21 and 22 can be further transferred to the
storage spaces proper of the recovery vessel or of another vessel, for transportation away
from the site. This detail is"not shown in Fig. 1.

In Fig. 1, the pieces of ice 17 coming in through the hatch 11 in the bow gate of the oil
recovery vessel 10 are guided to a conveyor 25 whereon they are submitted to a treatment
with hot oil. A hot oil apparatus 30 comprises an oil heater 28, an oil pipe 27 and stream
nozzles 26 for oil. When hot oil is sprayed onto the pieces of ice 17, the hot oil will trap oil
affixed to the ice and drain into the collection space 21 located below. Appropriately
heated oll i1s applicable for flushing oil found on the surface of a piece of ice. This way the
oll will rapidly loosen from the surface of the pieces of ice 17 and drop into a collection
space 21 located below the mesh-like conveyor 25 without forming a harmful emulsion of

water and oll. - _i

A method according to the invention prevents the forming of a problematic emulsion
because the target for the hot oil is the oil on the surface of the ice ar-\.d oil is directed at it
only for as long as Is required to loosen it. The cleaned piece of ice is transferréd, In a
continuous process, outside the collection space by means of conveyors. An amount of oil
accumulated in the collection space is transferred into an oil warming or heating unit as
required by the continuous process. Excess oil accumulated in the collection space 21 is
transferred into the next collection space via an adjustable overflow edge of the bulkhead
23.

The collection spaces 21 and 23 can be divided by bulkheads 23 into several sequential
and/or parallel parts, upon which the conveyors 25 and 29 for the pieces of ice 17 are
arranged. The conveyors can extend outside the collection edge and below the waterline,
as does the conveyor 33. The conveyors are most preferably mesh-like conveyor belt
systems, and there can be;one or more of them. a

The oil to be heated up can be the oil loosened from the blocks of ice 17, in which case the
oil to be heated up can be collected from the surface of the collection space 22 via a
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suction inlet 31 and a suction pipe 32 into the oil heater 28. Oil stream nozzles 26 can be
located below the conveyor belt 25, whereby oil can be directed via the nozzles 26 also at
the bottom and lateral surfaces of the pieces of ice 17.

The loosening of the oil from the surface of the pieces of ice 17 is further intensified along
the conveyor 29 through the blowing of compressed air directed at the pieces of ice 17, via
the compressed air nozzles 41 of the compressed air apparatus 40. Compressed air
nozzles 41 may also be located at suitable locations elsewhere throughout the entire
process. After this, the pieces of ice 17 are conveyed by means of the conveyor 33 into a
hot water basin 34 where the rest of the oil is loosened from the surface of the pieces of
ice 17. This may further be succeeded by the blowing of compressed air, not shown in Fig.
1, and the clean pieces of ice 17 transfer onto the conveyor 35 and continue back to the
water via a side hatch in the oil recovery vessel 10

and exit the oil recovery vessel 10.

When the conveyor 33 from time to time goes under the surface, it enables any thin film of
oil possibly still clinging to the pieces of ice to be ﬂushea away. It can also be removed by
a jet of hot steam before rehoving the piece of ice from the collection space. Using steam
in this last stage does not generate significant amounts of water in the collection space.
The emulsion resulting from this stage can be transported for further processing to a
processing plant. In such a case no separation is required because the emulsified water is
not returned into the body of water.

Cleaning of the pieces of ice is carried out by means of heated oil, for which purpose
groups of oil stream nozzles are arranged in various areas of the conveyors, most
preferably at the starting end of the series of conveyors, above the first collection space
21. The second collection space 22 may be a storage tank, which the oil collected in the
first collection space 21 can transfer into via the said overflow edge 23.

The third tank 33 can, for example, be a warm-water tank. At this tank, the conveyor 34
may be installed such that it moves below the waterline in the tank 34, at a suitable depth,
flushing the blocks of ice on the conveyor, and rises back above the waterline. After this
the blocks of ice are directed above a fourth tank 36 where, if necessary, any thin film of oil
still remaining on the pieces of ice is removed by means of pressurised steam before the
pieces of ice are removed outside the collection space and at the same time also outside

Cn

the recovery vessel 10.
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The method according to fhe invention prevents the problematic generation of an
emulsion, whereby the use of separators becomes unnecessary.

G

ADDITIONAL NOTES
5 It is obvious to a person skilled in the art that the different embodiments of the invention
may vary within the scope of the claims presented below.



CA 02836498 2013-11-18

WO 2012/160239 PCT/FI12011/000027

LIST OF REFERENCE NUMBERS

10

15

20

25

10
11
12
15
16
17
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
40
41

Qil recovery vessel
Hatch

Qil recovery opening
Surface of water |
Oil on the surface of water
Piece of ice

Separation screen
Collection space
Collection space |
Separation bulkhead -
Water outlet |
Conveyor

Oil stream nozzle

Oil pipe

Qil heater

Con'veyor

Hot-oil apparatus
Suction inlet

Suction pipe

Conveyor

Hot-water basin
Conveyor

Basin

Compressed air appa%:aius
Compressed air nozzle



10

15

20

25

30

35

CA 02836498 2013-11-18

WO 2012/160239 PCT/FI12011/000027

10

CLAIMS

1. A method for loosening oil that has adhered or become affixed to ice in bold conditions,
characterlzed inthat, toloosen oil adhering or affixed to ice (17), the surface of

the ice is treated with warm or hot oll.

2. A method accordingtoclam 1, characterlzed inthat warm or hot oil is sprayed
onto the oil adhering to the surface of ice (17). ;

3. A method accordingtoclaim 1, characterlzed inthat a piece of ice (17) to
which oll has adhered is taken into a basin or tank containing warm or hot oil.

4. A method according to ény oneofclams1,2o0r3, characterlzed inthat, in
addition to the warm or hot oil treatment, at least one jet of compressed air is directed at
the surface of the ice prior to the warm or hot oil treatment and/or after the treatment.

5. A method according to any one of clams 1to4, characterlzed inthat, in
addition to the warm or hot oil treatment, the piece of ice is placed in a basin (36)

‘containing warm or hot water.

6. A method according to any one of clams 1to 5, characterlzed inthat, to loosen
oil adhering to ice, a piece of ice (17) in cold water is taken into an oil recovery vessel (10)
where the surface of the piece of ice is treated with warm or hot oil and, if necessary, also
with compressed air and hot water, after which the cleaned piece of ice is conveyed back

to the water. )

/. A method according to any one of claims 1t0 6, characterlzed in that oil similar
to or of the same type as the oil to be loosened from the ice is used for the treatment of the
ice or piece of ice (17) by means of warm or hot oil.

8. A method according to any one of clams 1t0 7, characterlzed in that the oil
loosened from the piece of ice (17) is warmed or heated up and used for the treatment of
another piece of ice by means of warm or hot oil.

9. An apparatus for loosening oil that has adhered or become affixed to ice in cold
conditions, characterlzed inthat the apparatus for loosening oil that has adhered
or become affixed to ice is comprised of:
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- an oll tank,
- a heating member (28) for warming or heating up oil, and
- members (26) to bring the warmed-up or heated-up oil in contact with the oil adhering

or affixed to the ice.

3

10. An apparatus accordih§ toclam9, characterlized inthatthe apparatus is
comprised of at least one stream nozzle (26) to spray warm or hot oil and to direct it at oil

adhering to ice or a piece of ice (17).

11. An apparatus accordingtoclam8, characterlzed Inthat the apparatus is

compriseci of: '

- a basin or a tank with warm or hot olil Iin it, and

- atransfer member to convey the piece of ice into the basin or tank containing warm or
hot oll.

12. An apparatus according to any one of claims 9, 10 or 11, characterlzed in that
the apparatus comprises at least one compressed-air nozzle (41) to direct and aim
compressed air at the surface of a piece of ice prior to and/or after the warm or hot oil
treatment was directed at the piece of ice (17).

13. An apparatus accordiné toanyoneof clams 9to 12, characterlzed inthatthe
apparatus comprises a hot water basin (36) and a conveyor (33) for taking the piece of ice
(17) into the hot water basin after the piece of ice has been brought into contact with warm
or hot oll.

14. An apparatus according to any one of clams 9to 13, characterlzed inthatthe

apparatus is located on an oil recovery vessel (10) and that the apparatus comprises:

- a conveyor for taking a piece of ice (17) in cold water onto the oil recovery vessel (10),

- one or several stream nozzles (26) on the oll recovery vessel (10) and/or an oil basin
for bringing the warmed-up or heated-up oil in contact with the piece of ice,

- hot water basin (36) and a conveyor (33) for taking the piece of ice (17) into the hot-
water basin,

- one or several stream nozzles (41) for directing a jet of compressed air at the surface
of the piece of ice (17), and

- aconveyor (35) for discharging the cleaned piece of ice (17) from the oil recovery
vessel (10) back to the water.
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15. An apparatus according to any one of clams 9to 14, characterlzed inthatthe
apparatus comprises an oll tank or a basin containing the same or similar type of oil as the

]

oil to be loosened from the ice.

16. An apparatus according to any one of claims 9to 15, characterlzed inthatthe

apparatus is comprised of:

- aheating appa‘ratus (28) for warming or heating up the oil loosened from the piece of
ice, and

- members (26) for spraying the warmed-up or heafed-up oil loosened from the piece of
ice onto the surface of another piece of ice (17) to loosen the oil that has adhered to it.
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