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DESCRIPTION
MAGNETICALLY BIASED MAGNETOPROPANT

TECHNICAL FIELD

[001] The present invention relates generally to magnetostrictive materials used to vary
volume or shape in the presence of a magnetic field. In particular, the present invention
relates to the use of magnetic material or particles having mobility relative to
magnetostrictive material or particles, enabling pressure or acoustic waves to induce
magnetostrictive volume or shape change. A specific application is the use of pressure

sensitive magnetopropants in a porous medium to enable movement or pumping of fluids.

BACKGROUND ART

[002] In general, magnetostrictive materials may be formulated to also contain magnetic
material, such as a cobalt or nickel ferro-magnetic alloy, thereby biasing the magnetostrictive
material, altering its shape response in the presence of an additional external magnetic field.
This biasing technigue is blended into the magnetostrictive material, permanently fixing its
shape respo-nse. Whether biased with a magnetic material or not, the magnetostrictive

material is still called a magnetostrictive material.

[003] Magnetostrictive materials, particles in particular, may be used inside a porous
medium to change the porosity or permeability properties of the medium. Such materials or

particles may be called magnetopropants, alluding to the effect of changing the interstitial
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volume by exerting force on the matrix of the medium by the change in the shape of the
magnetostrictive material. To effect shape change, the magnetostrictive material must be
exposed to a magnetic field. It is not always practical to supply a controllable magnetic field
of sufficient strength at locations where it is desired to actuate the magnetostrictive material.
For instance, it is difficult to supply a controllable magnetic field in a geologic formation at a

distance far from a well bore.

DISCLOSURE OF THE INVENTION

[004] What I am about to describe here is a new way to extend the capabilities of
magnetostrictive materials, specifically magnetopropants. Magnetic particles of significant
magnetic field strength are added to the propant materials. For instance, a cobalt/nickel
ferro-magnetic alloy. These magnetic particles act to provide magnetic bias, or additional
magnetic bias, to assist in actuating the magnetopropant. To further enhance the
magnetostrictive behavior of the magnetopropant, a vibrational field is introduced. For
example, the vibrational field may be created by acoustic stimulation or a pressure wave,
such that a relative movement is induced between the magnetic particles and the
magnetopropant. The relative movement varies the actuation of the magnetostrictive

behavior, causing the desired magenetopropant effect.

[005] In another embodiment, the magnetic particles and magentopropant are combined in a
single material, such as a coating, such that a controlled or specified relationship between the
magnetic particle and magnetopropant can be established. In such embodiment, a vibrational
field induces a relative movement between the magnetic particles and the magnetopropant

within the single material.

[006] In a first set of examples of the invention, there is provided a system for remotely
actuating a magnetopropant including: means for disposing a magnetic biasing materjal in

movable proximity to the magnetopropant; and means for inducing a mechanical force in
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proximity to the magnetopropant, thereby moving the magnetic biasing material relative to

the magnetopropant.

[007] In a further example, the means for disposing a magnetic biasing material in movable
proximity to the magnetopropant in the above-described system includes a mixture of

magnetopropant particles and magnetic particles.

[008] In another example, the means for disposing a magnetic biasing material in movable
proximity to the magnetopropant in the above-described system includes an assembly of: a
magnetostrictive substance; a coating material; and a magnetic biasing material. In a further
example, the coating material includes a resin. In a further example, the coating material
includes a gel. In a further example, the coating material provides a range of allowable
relative movement between the magnetostrictive substance and the magnetic biasing
material. In a further example, the coating material provides a relative fixed positioning

between the magnetostrictive substance and the magnetic biasing material.

[009] In another example, the magnetic biasing material in the above-described system

includes cobalt-nickel ferromagnetic alloy.

[0010] In another example, the means for inducing a mechanical force in proximity to the

magnetopropant in the above-described system includes an acoustic wave.

[0011] In another example, the means for inducing a mechanical force in proximity to the

magnetopropant in the above-described system includes an applied pressure.

) [0012] In a second set of examples of the invention, there is provided a method for remotely
actuating a magnetopropant including the steps of disposing a magnetic biasing material in
movable proximity to the magnetopropant; and inducing a mechanical force in proximity to
the magnetopropant, thereby moving the magnetic biasing material relative to the

magnetopropant.
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[0013] In another example, the above-described method for remotely actuating a

magnetopropant is used for absorbing acoustic energy.

[0014] In another example, the above-described method for remotely actuating a

magnetopropant is used as a valve.

[0015] In another example, the above-described method for remotely actuating a

magnetopropant is used as a pump.

[0016] In another example, the mechanical inducing step of the above-described method for
remotely actuating a magnetopropant includes applying an acoustic wave in proximity to the

magnetopropant.

[0017] In another example, the mechanical inducing step of the above-described method for
remotely actuating a magnetopropant includes applying a pressure in proximity to the

magnetopropant.

[0018] In another example, the above-described method for remotely actuating a

magnetopropant includes the step of disposing the magnetopropant into a porous medium.

[0019] In another example, the above-described method for remotely actuating a
magnetopropant includes the step of disposing the magnetopropant in proximity to a geolo gic

formation.

[0020] In another example, the above-described method for remotely actuating a

magnetopropant includes the step of disposing the magnetopropant in a geologic formation.
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[0021] In a third set of examples of the invention, there is provided a remotely actuated
magnetopropant having an assembly of: a magnetostrictive substance; a coating material; and

a magnetic biasing material.

[0022] In another example, the coating material of above-described remotely actuated
magnetopropant provides a range of allowable relative movement between said

magnetostrictive substance and said magnetic biasing material.

[0023] In another example, the coating material of above-described remotely actuated
magnetopropant provides a relative fixed positioning between said magnetostrictive

substance and said magnetic biasing material.

BRIEF DESCRIPTION OF DRAWINGS

[0024] The present invention and its advantages will be better understood by referring to the
following detailed description and the attached drawings in which:

Fig. 1 shows a diagramumatic view illustrating an example of a mixture of magnetopropant
particles and magnetic biasing material;

Fig. 2 shows a diagrammatic view illustrating an example of a coating material containing
magnetopropant particles and magnetic biasing material; and

Fig. 3 shows a diagrammatic view illustrating an example of partial emplacement of a

coating material containing magnetopropant particles and magnetic biasing material.



10

15

20

25

30

WO 2006/119261 PCT/US2006/016761

6

REFERENCE NUMERALS IN DRAWINGS

[0025] The following elements are numbered as described in the drawings and detailed
description of the invention:
10 coating material 20 magnetopropant particles

30 magnetic particle

MODES FOR CARRYING OUT THE INVENTION

[0026] Each of Figs. 1-3 illustrates the pressure sensitive magnetopropant used to produce
various aspects of the present invention, though these particular embodiments are illustrated
and described herein only for exemplary purposes. Moreover, variations of the system and
methods of utilizing the same will become apparent to those of ordinary skill in the relevant
structural and mechanical arts upon reading the following disclosure. Thus, the present
invention is not to be considered limited to only the structures, systems, and methods

described herein.

[0027] Fig. 1 illustrates a mixture of magnetopropant 20 particles and a magnetic biasing
material, magnetic particle 30. This represents one means for disposing a magnetic biasing
material in movable proximity to the magnetopropant. In this configuration, there is no fixed
spatial relationship between magnetopropant particles and magnetic particles. The mixture
of particles may be embedded or otherwise added to a porous medium. The random
relationship and distances between magnetopropant 20 particles and magnetic particle 30 will
cause varying levels of actuation, depending on their relative distances and the strength of the
pressure wave, acoustic wave, or external magnetic field. The mixture of magnetopropant 20
particles and magnetic particles 30 may be inserted into a medium, such as in proximity to, or

in, a geologic formation.

[0028] As illustrated in Fig, 2, a coating material 10 may be used to fix a positioning
between a magnetopropant 20 and a magnetic biasing material, magnetic particle 30. This

represents a means for disposing a magnetic biasing material in movable proximity to the
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magnetopropant. Coating material 10 may be any of a wide variety of substances that allow
for a range of relative movement between magnetopropant 20 and magnetic particle 30 when
subject to mechanical forces, pressure, acoustic wave, or magnetic field. Various resins or
gels may serve as coating material 10. Magnetopropant 20 may be a magnetostrictive
material or particle, which may be coated. Magnetopropant 20 may be alloyed with a
magnetic substance, providing an initial fixed magnetic bias. Terfenol and Terfenol-D, in
their various formulations, may serve as magnetopropant 20. Magnetic particle 30 may be
any of a wide variety of magnetic substances, such as cobalt-nickel ferromagnetic alloys.
Conceivably, any magnetic-producing substance or device could serve as magnetic particle

30, such as a microwave diode and coil of small, perhaps nano-scale.

[0029] Fig. 3 illustrates a partial emplacement of coating material 10 may be used to fix a
relative positioning between a magnetopropant 20 and a magnetic particle 30. This
represents a means for disposing a magnetic biasing material in movable proximity to the

magnetopropant.

[0030] Method of Application

[0031] Means are used to induce a mechanical force in proximity to the magnetopropant. As
mechanical forces are introduced, such as by acoustic stimulation or applied pressure, these
forces cause a relative movement between magnetopropant 20 and magnetic particle 30.
Coating material 10 is flexed or squeezed by the mechanical forces. The relative movement
between magnetopropant 20 and magnetic particle 30 effects a change in the amount of

magnetostriction of magnetoproppant 20.

.[0032] Operation — Pressure Actuated Magnetopropant

[0033] Coating material 10 and the spacing between magnetopropant 20 and magnetic
particle 30 are selected such that a certain pressure “P” causes change in the relative distance

of magnetopropant 20 and magnetic particle 30, thereby changing the amount of
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magnetostriction. Coating material 10, magnetopropant 20, and magnetic particle 30 are
assembled to form a pressure sensitive magnetopropant. Given this structure, a relaxation of
pressure “P” will cause a relaxation of the amount of magnetostriction. In a pore space
environment, this causes a reduction in pore space with resulting decrease in permeability
and, hence, fluid flow. Typically, this allows pressure to build, causing pressure on coating
material 10 and changed spacing between magnetopropant 20 and magnetic particle 30. This
results in increased magnetostriction, causing increase in pore space and again relaxation of
pressure “P”. The effect is a pressure-induced pumping or valve action. A linear pathway of
such pressure sensitive magnetopropant 40 can produce a siphon-like effect, that of assisted

fluid flow in the direction of overall drop in pressure gradient.

INDUSTRIAL APPLICABILITY

[0034] The present invention provides a means of remotely actuating a magnetopropant

using mechanical force, pressure, or acoustic stimulation.

[0035] The present invention provides a means of absorbing mechanical force, pressure, or

acoustic energy.

[0036] The present invention provides a means to effect changes in porosity and permeability

by use of a pressure-induced pumping or valve action.

[0037] Although the description above contains many specifications, these should not be
construed as limiting the scope of the invention but as merely providing illustrations of some
of the presently preferred embodiments of this present invention. Persons skilled in the art
will understand that the method and apparatus described herein may be practiced, including
but not limited to, the embodiments described. Further, it should be understood that the
invention is not to be unduly limited to the foregoing which has been set forth for illustrative

purposes. Various modifications and alternatives will be apparent to those skilled in the art
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without departing from the true scope of the invention, as defined in the following claims.
While there has been illustrated and described particular embodiments of the present
invention, it will be appreciated that numerous changes and modifications will occur to those
skilled in the art, and it is intended in the appended claims to cover those changes and

modifications which fall within the true spirit and scope of the present invention.
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Claims
‘What is claimed is:

1. A system for remotely actuating a magnetopropant comprising:
Means for disposing a magnetic biasing material in movable proximity to the
magnetopropant; and
Means for inducing a mechanical force in proximity to the magnetopropant, thereby

moving said magnetic biasing material relative to said magnetopropant.

2. The system of claim 1 wherein said means for disposing a magnetic biasing material in
movable proximity to the magnetopropant comprises a mixture of magnetopropant particles

and magnetic particles.

3. The system of claim 1 wherein said means for disposing a magnetic biasing material in
movable proximity to the magnetopropant comprises an assembly of:

a magnetostrictive substance;

a coating material; and

a magnetic biasing material.
4. The system of claim 3 wherein said coating material comprises a resim.
5. The system of claim 3 wherein said coating material comprises a gel.

6. The system of claim 3 wherein said coating material provides a range of allowable relative

movement between said magnetostrictive substance and said magnetic biasing material.

7. The system of claim 3 wherein said coating material provides a relative fixed positioning

between said magnetostrictive substance and said magnetic biasing material.
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8. The system of claim 1 wherein said magnetic biasing material comprises cobalt-nickel

ferromagnetic alloy.

9. The system of claim 1 wherein said means for inducing a mechanical force in proximity to

the magnetopropant comprises an acoustic wave.

10. The system of claim 1 wherein said means for inducing a mechanical force in proximity

to the magnetopropant comprises an applied pressure.
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11. A method for remotely actuating a magnetopropant comprising the steps of:
disposing a magnetic biasing material in movable proximity to the magnetopropant; and
inducing a mechanical force in proximity to the magnetopropant, thereby moving said

magnetic biasing material relative to said magnetopropant.

12. The method of claim 11 wherein said method for remotely actuating a magnetopropant is

used for absorbing acoustic energy.

13. The method of claim 11 wherein said method for remotely actuating a magnetopropant is

used as a valve.

14. The method of claim 11 wherein said method for remotely actuating a magnetopropant is

used as a pump.

15. The method of claim 11 wherein said mechanical inducing step comprises applying an

acoustic wave in proximity to the magnetopropant.

16. The method of claim 11 wherein said mechanical inducing step comprises applying a

pressure in proximity to the magnetopropant.

17. The method of claim 11 further comprising the step of disposing the magnetopropant into

a porous medium.

18. The method of claim 11 further comprising the step of disposing the magnetopropant in

proximity to a geologic formation.

19. The method of claim 11 further comprising the step of disposing the magnetopropant in a

geologic formation.
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20. A remotely actuated magnetopropant comprising an assembly of:
a magnetostrictive substance;
* a coating material; and

a magnetic biasing material.

21. The remotely actuated magnetopropant of claim 20 wherein said coating material
provides a range of allowable relative movement between said magnetostrictive substance

and said magnetic biasing material.
22. The remotely actuated magnetopropant of claim 20 wherein said coating material

provides a relative fixed positioning between said magnetostrictive substance and said

magnetic biasing material.

e
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