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(7) ABSTRACT

A phase change ice particulate perfluorocarbon slurry and a
method and apparatus are provided for producing phase
change particulate perfluorocarbon slurries. A known
amount of perfluorocarbon liquid is provided. A set percent-
age of a phase change liquid and optionally other additives,
such as oxygen or other cell protectants are added to the
known amount of perfluorocarbon liquid. The phase change
liquid and the perfluorocarbon liquid are mixed to produce
an emulsion of small droplets of the phase change liquid in
the perfluorocarbon liquid. The emulsion is cooled to pro-
duce the phase change particulate perfluorocarbon slurry. A
phase change ice particulate perfluorocarbon slurry com-
prises a known amount of perfluorocarbon liquid and a set
percentage of a phase change liquid added to the known
amount of perfluorocarbon liquid. An emulsion is formed by
the set percentage of a phase change liquid and the known
amount of perfluorocarbon liquid. The phase change par-
ticulate perfluorocarbon slurry is formed by cooling the
emulsion to a freezing point. The phase change liquid
includes water or a saline solution. A set percentage of water
is provided in a range between about 5% and 50%. A set
percentage of saline solution is provided in a range between
about 0.5% and 6.0%.

20 Claims, 2 Drawing Sheets
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METHOD AND APPARATUS FOR
PRODUCING PHASE CHANGE ICE
PARTICULATE PERFLUOROCARBON
SLURRIES

This application claims the benefit of prior filed copend-
ing provisional application filed Aug. 2, 1999, by Kenneth E.
Kasza et al., provisional application Ser. No. 60/146,753 and
entitted METHOD FOR INDUCING HYPOTHERMIA.
The subject matter of the above-identified copending pro-
visional application is incorporated herein by reference.

CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this invention
pursuant to Contract No. W-31-109-ENG-38 between the
United States Government and Argonne National Labora-
tory.

FIELD OF THE INVENTION

The present invention relates to a method and apparatus
for producing phase change ice particulate perfluorocarbon
slurries of very high fluidity, cooling capacity and stability.

DESCRIPTION OF THE RELATED ART

Phase change slurries in the form of high concentrations
of small ice particles in a liquid carrier have dramatically
increased coolant capacity as compared to other liquids such
as single phase water or other liquids involving no heat of
fusion effects. Phase change ice slurries developed by the
present inventor Kenneth F. Kasza have been used for
cooling in large building complexes. The development of ice
slurries by the inventor for cooling buildings has shown that
ice particles suspended in water or other carrier liquid, if
engineered to have the correct characteristics, can be
pumped as readily as water and are stable for significant
periods of time without agglomeration where ice particles
freeze together or entangle in clusters. The cooling capacity
of such a slurry can be 5 to 10 times, depending on the
particular loading in the carrier liquid, that of an equal
amount of water which exhibits only sensible heat cooling
capacity. For use in cooling buildings, the particles prefer-
ably are small relative to the conduit diameter, not loaded to
a level of more than 30% ice in order to enhance delivery to
the target cooling zone, and relatively smooth to avoid
particle entanglement and formation of large clusters. Small
additions of certain types of chemicals, such as freezing
point depressants, when added to a slurry during an appro-
priate time when making the slurry, have been shown to
dramatically improve the fluidity and storability of the slurry
by altering the microscale features (smoothing) of the indi-
vidual particles comprising the slurry.

A need exists for an improved method and apparatus for
producing phase change ice particulate perfluorocarbon slur-
ries. It is desirable to produce phase change particulate
perfluorocarbon slurries with high cooling capacity, fluidity,
and stability, for example for use to induce targeted protec-
tive hypothermia of human organs/tissue during medical
treatment.

It is an object of the present invention to provide a method
and apparatus for producing phase change particulate per-
fluorocarbon slurries.

It is an object of the present invention to provide a phase
change ice particulate perfluorocarbon slurry.

SUMMARY OF THE INVENTION

In brief, a phase change particulate perfluorocarbon slurry
and a method and apparatus are provided for producing
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phase change particulate perfluorocarbon slurries. A known
amount of perfluorocarbon liquid is provided. A set percent-
age of a phase change liquid is added to the known amount
of perfluorocarbon liquid. The phase change liquid and the
perfluorocarbon liquid are mixed to produce an emulsion of
small droplets of the phase change liquid in the perfluoro-
carbon liquid. The emulsion is cooled to produce the phase
change particulate perfluorocarbon slurry.

A phase change ice particulate perfluorocarbon slurry
comprises a known amount of perfluorocarbon liquid and a
set percentage of a phase change liquid added to the known
amount of perfluorocarbon liquid. An emulsion is formed by
the set percentage of a phase change liquid and the known
amount of perfluorocarbon liquid. The phase change ice
particulate perfluorocarbon slurry is formed by cooling the
emulsion to a freezing point.

In accordance with features of the invention, the phase
change liquid includes water or a saline solution. The phase
change liquid is immiscible in the perfluorocarbon liquid
and has a higher freezing point than the perfluorocarbon
liquid. The phase change particulate perfluorocarbon slurry
is formed by cooling the emulsion to a freezing point of the
phase change liquid to produce the phase change ice par-
ticulate perfluorocarbon slurry. A set percentage of water is
provided in a range between about 5% and 50%. A set
percentage of saline solution is provided in a range between
about 0.5% and 6.0%.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above and other
objects and advantages may best be understood from the
following detailed description of the preferred embodiments
of the invention illustrated in the drawings, wherein:

FIG. 1 is a block diagram representation illustrating
exemplary apparatus for producing phase change particulate
perfluorocarbon slurries in accordance with a preferred
embodiment of the invention; and

FIG. 2 is a flow chart illustrating exemplary steps for
producing phase change particulate perfluorocarbon slurries
in accordance with a preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Having reference now to the drawings, in FIG. 1 there is
shown apparatus for producing phase change particulate
perfluorocarbon slurries in accordance with a preferred
embodiment of the invention and generally designated by
reference character 100. A container 102 is coupled to a
source of a perfluorocarbon liquid 104 and a phase change
liquid 106 and oxygen for medical applications. The phase
change liquid 106 includes water 106A, a saline solution
106B or other suitable solution. The perfluorocarbon liquid
104 is immiscible with water, very chemically and biologi-
cally inert, and has an extraordinary capacity for dissolving
oxygen. The phase change liquid 106 has a higher freezing
point than the perfluorocarbon liquid 104 and the phase
change liquid 106 is immiscible in the perfluorocarbon
liquid 104.

An emulsion 108 is formed by intensely mixing a known
amount of the perfluorocarbon liquid 104 with a set per-
centage of the phase change liquid 106, such as water 106 A
or saline solution 106B. A mixer 110, such as a variable
speed mixer with a rotator 112 or an ultrasonic mixer, can be
used to emulsify the phase change liquid 106 into the
perfluorocarbon liquid 104. A selected mixer speed or
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energy level is selected together with a selected mixing
duration to produce very small droplets of the phase change
liquid 106 suspended in the immiscible perfluorocarbon
liquid 104. The slurry fluidity or flowability depends on
loading and the size and shape of the particles. Emulsion 108
is mixed to produce very small phase change liquid droplets
having a generally globular or spherical shape. Then the ice
particle perfluorocarbon liquid slurry is formed by cooling
the emulsion 108 to the freezing point of the phase change
liquid 106.

Emulsion 108 includes small, globular or spherical
shaped droplets of water 106A, saline solution 106B, or
other suitable liquid, and optionally oxygen entrained in
perfluorocarbon liquid 104. Cooling is provided with, for
example, a chiller 114 or other suitable device is used for
cooling the emulsion 108. The container 102 with the
emulsion 108 also can be batch cooled to the ice particle
formation temperature by immersion in a recirculating bath
chiller 114 or other suitable cooling device.

In accordance with features of the invention, phase
change liquid (water) or ice particle loading is preferably in
the range of about 5% to 50%. Saline solution concentra-
tions are preferably in the range of about 0.5% to 6.0%. The
phase change particulate perfluorocarbon slurry of the pre-
ferred embodiment is stable or storable, highly fluid and
highly loaded ice particle medical grade slurry. A phase
change particulate perfluorocarbon slurry of the preferred
embodiment advantageously can be used for charging the
lungs for cooling of the heart and for cooling other organs/
tissue. The perfluorocarbon liquid slurry coolant also can
serve as a liquid ventilator or oxygen transporter when the
slurry is infused with oxygen. Other chemicals needed for
maintaining cell viability can also be conveyed by the slurry
to the desirable targets.

Referring to FIG. 2, there are shown exemplary steps for
producing phase change particulate perfluorocarbon slurries
in accordance with a preferred embodiment of the invention
starting at a block 200. First a known amount of perfluoro-
carbon liquid is provided as indicated in a block 202. The
perfluorocarbon liquid 104 optionally can include additional
additive, such as oxygen when it is desired to use the slurry
both as a coolant and a tissue/cell oxygenator for medical
applications or with other cell beneficial chemicals. A set
percentage of water 104A, saline solution 104B or other
suitable solution that is immiscible in perfluorocarbon liquid
is added and the liquids are cooled to a selected temperature
a few degrees above the freezing point of the phase change
liquid as indicated in a block 204.

With water, a set percentage in the range of about 5% to
50% is added. With saline solution, a set percentage in the
range of about 0.5% to 6.0% is added. An emulsion of small
spherical water or saline solution droplets entrained into the
perfluorocarbon liquid is provided by combining the liquids,
for example, by intensely mixing the liquids as indicated in
a block 206. The size of the water, saline solution or other
phase change liquid droplets prior to freezing determines the
slurry ice particle size after freezing. The formation of small
smooth ice particles enhances slurry flowability.

Mixing the liquids at block 206 can be provided by
mechanically mixing the constituents in container 102 with
a variable speed mixer. The more intense and longer the
duration of the mixing provides smaller droplets. An ultra-
sonic mixer can be used to achieve small water or saline
solution droplet sizes. The ultrasonic mixer allows the use of
closed sterilized containers of the desired mixture processed
for particle size without concerns of contamination. The
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mixing energy is transferred through the walls of the con-
tainer. Next the container of the mixed solutions is batch
cooled, for example, by immersion in a recirculating bath
chiller, to the ice particle formation temperature of the phase
change liquid to create a slurry as indicated in a block 208.
The slurry can also be made in a continuous process device
for on-demand delivery.

While the present invention has been described with
reference to the details of the embodiments of the invention
shown in the drawing, these details are not intended to limit
the scope of the invention as claimed in the appended
claims.

What is claimed is:

1. A method for producing phase change ice particulate
perfluorocarbon slurries comprising the steps of:

providing a known amount of perfluorocarbon liquid;

adding a set percentage of a phase change liquid to said
known amount of perfluorocarbon liquid;

mixing said phase change liquid and said perfluorocarbon
liquid to produce an emulsion of small droplets of said
phase change liquid in said perfluorocarbon liquid; and

cooling said emulsion to produce the phase change par-

ticulate perfluorocarbon slurry.

2. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 1 further
includes the step, responsive to adding said set percentage of
a phase change liquid to said known amount of perfluoro-
carbon liquid of cooling said perfluorocarbon liquid and said
phase change liquid to a set temperature; said set tempera-
ture being a temperature above a freezing point of said
perfluorocarbon liquid and said phase change liquid and
wherein the step of cooling said emulsion to produce the
phase change particulate perfluorocarbon slurry includes the
step of cooling said emulsion to a freezing point of said
phase change liquid to produce the phase change particulate
perfluorocarbon slurry; said phase change liquid having a
higher freezing point than said perfluorocarbon liquid and
said phase change liquid being immiscible in said perfluo-
rocarbon liquid.

3. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 1 wherein the
step of adding a set percentage of a phase change liquid to
said known amount of perfluorocarbon liquid includes the
step of adding a set percentage of water to said known
amount of perfluorocarbon liquid.

4. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 3 wherein the
step of adding a set percentage of water to said known
amount of perfluorocarbon liquid includes the step of adding
said set percentage of water in a range between about 5%
and 50%.

5. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 1 wherein the
step of adding a set percentage of a phase change liquid to
said known amount of perfluorocarbon liquid includes the
step of adding a set percentage of a saline solution to said
known amount of perfluorocarbon liquid.

6. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 5 wherein the
step of a set percentage of a saline solution to said known
amount of perfluorocarbon liquid includes the step of adding
said set percentage of saline solution in a range between
about 0.5% and 6.0%.

7. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 1 wherein the
step of mixing said phase change liquid and said perfluo-
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rocarbon liquid to produce an emulsion of small droplets of
said phase change liquid in said perfluorocarbon liquid
includes the steps of utilizing a variable speed mixer and
providing a selected mixer speed and a selected mixing
duration to produce said small droplets of said phase change
liquid in said perfluorocarbon liquid.

8. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 1 wherein the
step of mixing said phase change liquid and said perfluo-
rocarbon liquid to produce an emulsion of small droplets of
said phase change liquid in said perfluorocarbon liquid
includes the step of utilizing an ultrasonic mixer and pro-
viding a selected mixer energy and a selected mixing dura-
tion to produce said small droplets of said phase change
liquid in said perfluorocarbon liquid.

9. A method for producing phase change ice particulate
perfluorocarbon slurries as recited in claim 1 wherein the
step of cooling said emulsion to produce the phase change
particulate perfluorocarbon slurry include the step of batch
cooling by immersion in a recirculating bath chiller.

10. A phase change ice particulate perfluorocarbon slurry
comprising:

a known amount of perfluorocarbon liquid;

a set percentage of a phase change liquid added to said
known amount of perfluorocarbon liquid;

an emulsion formed by said set percentage of a phase
change liquid and said known amount of perfluorocar-
bon liquid; and

the phase change particulate perfluorocarbon slurry

formed by cooling said emulsion to a freezing point.

11. A phase change ice particulate perfluorocarbon slurry
as recited in claim 10 wherein said phase change liquid
comprises a set percentage of water added to said known
amount of perfluorocarbon liquid.

12. A phase change ice particulate perfluorocarbon slurry
as recited in claim 11 wherein said set percentage of water
is provided in a range between about 5% and 50%.

13. A phase change ice particulate perfluorocarbon slurry
as recited in claim 10 wherein said phase change liquid
comprises a set percentage of saline solution added to said
known amount of perfluorocarbon liquid.
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14. A phase change ice particulate perfluorocarbon slurry
as recited in claim 10 wherein said set percentage of saline
solution is provided in a range between about 0.5% and
6.0%.

15. Apparatus for producing phase change particulate
perfluorocarbon slurries comprising:

means for providing a known amount of perfluorocarbon

liquid;
means for adding a set percentage of a phase change
liquid to said known amount of perfluorocarbon liquid;

means for mixing said phase change liquid and said
perfluorocarbon liquid to produce an emulsion of small
droplets of said phase change liquid in said perfluoro-
carbon liquid; and

means for cooling said emulsion to produce the phase

change solid particulate perfluorocarbon slurry.

16. Apparatus for producing phase change particulate
perfluorocarbon slurries as recited in claim 15 wherein said
means for mixing comprises one of a variable speed mixer
and an ultrasonic mixer.

17. Apparatus for producing phase change particulate
perfluorocarbon slurries as recited in claim 15 wherein said
means for cooling includes a recirculating bath chiller.

18. A method for producing phase change particulate
perfluorocarbon slurries comprising the steps of:

emulsifying a set percentage of a phase change liquid into

a known amount of perfluorocarbon liquid to produce
an emulsion of small droplets of said phase change
liquid in said perfluorocarbon liquid; and

cooling said emulsion to produce the phase change par-

ticulate perfluorocarbon slurry.

19. A method for producing phase change particulate
perfluorocarbon slurries as recited in claim 18 wherein said
phase change liquid includes water and said set percentage
of water is provided in a range between about 5% and 50%.

20. A method for producing phase change particulate
perfluorocarbon slurries as recited in claim 18 wherein said
phase change liquid includes a saline solution and said set
percentage of saline solution is provided in a range between
about 0.5% and 6.0%.



