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Abstract

0il spills causes marine accidents and natural clamities.8 billion barrels of oil are spilled each year. There are lots of
methods available for oil spill recovery. But a recent experiment in lab concludes that magneto-rheological method fit in
the best way for recovery. This has minimized the net environmental industry and provides an efficient way of recovering
hydrocarbon spills. The magnetic particle with an organic compound having an oleophilic chain end is treated with iron
particles over a hydrocarbon spill. This forms slurry and this magnetic slurry is then allowed to mix with the oil to form
the MR fluid. This decreases the flow ability allowing removal of the MR fluid and oil pollutant. Once removed, treat the
MR fluid with detergents to remove the oil. All these experiments are carried out in the department lab and further

studies on economic comparison and feasibility are under progress
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Field of the Invention

The present invention relates to the field of separating
mixtures of Water and oil, and oil spill recovery. Specially
this invention concerns separating an organic liquid such
as crude oil from Water using a surface-treated iron
powder having oleophilic properties.

Background of the Invention

An ever increasing use of petroleum products
worldwide has brought with it a proportionate increase in
the number of accidental (or deliberate) hydrocarbon oil
spills in open bodies of water, rivers, harbors, lakes and
oceans. Major spills such as those caused by marine
accidents receive widespread notoriety and may have
catastrophic effects on sea life and beach fronts.

Efficient Clean - up of Oil Spills using Magneto - Rheological (MR) Fluid

Unfortunately, major spills are distinguished only by their
magnitude. Minor spills are more common and, while less
deleterious, also receive little attention and clean up
efforts. A typical oil spill is the discharge (accidental or
deliberate) of from five hundred gallons to several
hundred-thousand gallons or more of petroleum product.
The materials most frequently spilled are crude oil and
heavy diesel oil. Such spills float for extended periods of
time, and their residue often washes up on the beaches.
Spills of lighter petroleum products such as gasoline or
kerosene ultimately evaporate; however the heavier
hydrocarbons such as crude oil oxidize or otherwise react
with air and Water to become more viscous, tar-like
liquid. A fully developed petroleum product spill
constitutes a thin slick or discontinuous film about 1.5
mm. or less in thickness of this tar like material having a
specific gravity of from about 0.8 to 1.0 and drifts freely

Pet Petro Chem Eng ]


mailto:hameedhussain.a@gmail.com

Petroleum & Petrochemical Engineering Journal

on the surface of the water, being carried about by wind,
wave and current. At the least, oil spills are a serious
pollution problem. Large spills can be disastrous to birds
and sea life. Even small spills can foul beaches. The
desirability of mopping up oil spills has long been
recognized. Unfortunately doing so is very difficult when
the oil spill is over a wide area as a thin film, often less
than a quarter inch thick, even in an emulsified form with
the water. Removing oil from a body of water is difficult
and very expensive. Earlier methods proposed for oil spill
recovery generally utilize absorbent pads, siphon off the
oil with machines, or treat the oil with detergents to
emulsify the oil. All have been used with very limited
success.. The magnetic particles utilized in the ferrofluid
have particle diameters in the order of nanometers, which
provide the property of manipulating the fluid with a
magnetic field. These materials, however, fail to provide
the increased affinity of the oil to the magnetic particles.
There is also another method and apparatus for pollutant
spill control having a synthetic, plastic substrate
imbedded with non-abrasive, magnetic iron particles. The
oleophilic substrate attracts the hydrocarbons of the
pollutant spill, which are then removed from a body of
Water by the magnetic affiliation properties of the iron
particles when introduced to a magnetic field. The
substrate is flexible and may be wrung out for subsequent
reuse, but is limited in applications on pollutant spills, due
to its solid form design.

Summary of the Invention

The present invention overcomes these obstacles in
utilizing the affiliation of the hydrocarbons in an oil spill
to reacted, oleophilic iron particles of magneto rheological
(MR) fluids to provide for a method of oil spill recovery
that has much greater potential for oil spill recovery in a
variety of applications and is reusable and recyclable for
multiple Applications. The present invention utilizes
magneto rheological (MR) fluids to provide a method of
oil spill recovery that is reusable for multiple petroleum
spills. These magneto rheological fluids are functional
fluids which under normal forces are in a liquid state and
flow able but which upon application of an electric field or
magnetic field or both, undergoes a marked increase in
viscosity and changes even into a gel state showing little
or no flow ability. The magneto rheological (MR) fluids of
the present invention comprise iron particles or powder
suspended in a liquid vehicle of organic oil that respond
to an applied magnetic field With a acute change in
rheological behavior. Typically, this change is manifested
by the development of a yield stress that monotonically
increases with the applied field. The polarizable iron
particles of the MR fluids have a size on the order of a few
microns. These particles float freely in fluid until exposed
to a magnetic field. They then form stiff chains along
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magnetic force lines, repelling each another, and the
particles expand, giving the once liquid material a
consistency like gel or hard wax. If the iron particles or
powder have been mixed with oil, the oil wicks into the
spaces created by the expansion and sticks there by
surface tension. The result is a dry-appearing solid that
retains the liquid oil. The present invention comprises the
method of recovering oil spills from a body of water,
comprising the steps of; treating iron particles having a
mean diameter in the range of one to one hundred
micrometers with an organic com pound having an
oleophilic chain end which attaches to the surface of the
iron; combining the treated iron particles with a
suspending agent to create an MR fluid, and; applying the
treated iron particles to a hydrocarbon spill. In one
embodiment of the invention, iron particles are treated
with organic compounds and include long chain alcohols
and compounds from the tallow amine group. Once
applied to a hydrocarbon oil spill polluting a body of
Water, the hydrocarbon becomes affiliated With the MR
fluid due to the strong oleophilic properties of the treated
iron particles. The fluid is then exposed to a magnetic
field, inducing the MR fluid to precisely actuate,
decreasing flow ability and allowing the subsequent
removal of the combined MR fluid and oil pollutant. Once
removed from the body of water, the MR fluid may be
treated with a detergent or separating agent, possibly in
conjunction with a mechanical filtration means, to remove
the oil from the MR fluid, allowing the MR fluid to be
recycled and reused. It is an attribute of the present
invention to provide an economical means of recovering
hydrocarbon pollutant spills from a body of Water.
Another second attribute of the present invention to
provide for an oil spill recovery method utilizing a
magneto rheological fluid having treated magnetic
particles to attract spilled hydrocarbon pollutants on a
body of water for subsequent removal. It is a further
attribute of the present invention to provide for a method
of treating the magnetic particles suspended in a magneto
rheological fluid to increase oleophilicity of the magneto
rheological fluid. It is another attribute of the present
invention to provide a magneto rheological fluid
comprising iron particles having an increased resistance
to oxidation as a result of the oleophilic treatment. It is
another attribute of the present invention to create an
oleophilic magneto rheological fluid which increases
viscosity of a hydrocarbon spill and decreases its mobility,
improving the ability to control the pollution spill. It is
another attribute of the present invention to provide an
oleophilic magneto rheological fluid which may be easily
recycled for multiple applications. Further areas of
applicability of the present invention will become
apparent from the detailed description provided
hereinafter. It should be understood that the detailed
description and specific examples, while indicating the
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preferred embodiment of the invention, are intended for
purposes of illustration only and are not intended to limit
the scope of the invention.

Detailed Description of the Preferred
Embodiments

The following description of the preferred
embodiments is merely exemplary in nature and is in no
way intended to limit the invention, its application, or
uses. An oil spill recovery method and material for
utilizing surface-treated iron powder to recover spilled
hydrocarbons is disclosed. In this regard, a magneto
rheological (MR) fluid containing iron or Ferro magnetic
particles are pre-reacted with one or more organic
compounds having oleophilic chain ends which
subsequently attach to the surface of the iron particles.
These oleophilic chain ends increase the affinity of the oil
spill to the iron particles. In providing the greatest
oleophilic properties, while still maintaining the normal
flow ability of an MR fluid under normal conditions, it is
preferred to utilize iron particles having a mean diameter
in the range of about one to about one hundred
micrometers. Since the particles are employed in no
colloidal suspensions, it is preferred that the particles be
at the small end of the suitable range, preferably in the
range of about one to about ten micrometers in mean
particle diameter. Uniformity in particle size is not
required, as it may be preferable to use a combination of
particles from two or more size ranges disclosing an ideal
MR fluid composition having an improved turn-up ratio,
Which is the ratio of the torque output generated by the
magnetically activated MR fluid (on state) to the torque
output for the same fluid in the inactivated or off state.
.Examples of a preferred liquid vehicles include, Without
limitation, those selected from the group consisting of
aliphatic hydrocarbons and glycol esters, and preferably
those, having a viscosity at 40° C. no greater than about
100 cp. Further, the MR fluid when formulated with a
dispersed group of small particles has a yield stress at 25°
C. (in the absence of a magnetic field) of at least about 200
Pa, so long as they are not H20 miscible, or detract from
the oleophilic properties of the MR fluid. Such mediums
are no aqueous solvents including but not limited to
alcohols, such as butyl alcohol, higher alcohols (e.g., lauryl
alcohol), propylene glycol, and the like. The surfactant
utilized should be limited only in so much as they do not
cause side reactions with the liquid vehicle, and they
maintain the MR fluid’s low water solubility, such as
caprylic (C8) through stearic (C18) carboxylic acids. In
one preferred embodiment, octadecanol is utilized. The
amount of surfactant needed to react with the iron
particles depends upon the quantitative determination of
hydroxyl groups on the iron particles, obtained from
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chemisorptions data of a reactive surfactant, ethoxylated
tallow alkyl amine. Essentially, the surfactant molecule
reacts with an OH group on the iron particle’s surface to
produce an ether linkage plus one molecule of free water
typical “condensation” reaction: M-OH+ROH—>.M-
OR+H20, Where M is the Fe surface and ROH is the
surfactant. This reaction can be monitored With near IR
spectroscopy (i.e., following the depletion of surfactant in
solution). It has been found that 0.00425 g of tallow
amine surfactant reacts per g of a particular group of Fe
particles. The surfactant has a MW of 480 g/mol. This
means that there are 8.9.><106 mol reactive sites (i.e.,, OH
groups) per g of Fe.

Preparation of Magneto Rheological Fluid

In a reaction, 130 grams of octadecanol were mixed
with 600 grams iron powder and 140 ml of isopropanol
(IPA). The IPA served as a solvent of the octadecanol. In
this regard, the procedure for preparation of octadecanol
treated carbonyl iron is as follows. A dry mix of 650 grams
BASF HS grade carbonyl iron and 150 g of 1-octadecanol
are combined in a 1 liter resin kettle. One hundred fifty ml
of 2-propanol is added and stirred until homogeneous.
Heat is applied to boil of 2-propanol. A temperature of
200°C. is maintained of the remaining mixture for at least
four hours. Let cool and dissolve solid in 500 milliliters of
toluene and heat. Filter and repeat toluene Wash. Dry
mixture above 1 10°C. in oven to remove residual toluene.
The mixture was heated to boiling and held at boiling
until the IPA all evaporated. Once the IPA had boiled off,
the iron was than cooled and mixed with a liquid vehicle
composition. In addition to providing an increased
oleophilic property of the MR fluid the invention further
prevents subsequent oxidation of the iron particles, due
to the surfactant molecule of octadecanol reacting With
the OH group on the Fe surface. After a desired, stabilized
MR fluid is formed, it is then contained and stored for
subsequent use. When an oil pollutant spill occurs and
recovery is desired, the MR fluids transported to the
location and dispersed evenly there over the entire spill.
The method utilized for dispersion may include, but is not
limited to, spraying, pouring, or any other known
methods which preferably would not further assist in 5
spreading or emulsifying the oil pollutant spill in the
water. Once distributed over the spill, the MR fluid is then
allowed to mix with the oil, either through natural wave
motion or through other mechanical means suitable to the
specific application. If the mixture of the spilled oil and
treated iron has a significantly high density, the mixture
may sink to the bottom of the body of water, whereby the
MR fluid effectively sequesters the spilled liquid for
subsequent recovery by magnetic means or for
subsequent decomposition of the spilled liquid by micro-
organisms. A magnetic field of suitable force is then
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introduced to the mixture so as to create a relatively high
on-state yield stress, increasing the viscosity of the
mixture to a suitable handling stage. For example 1kg (0.1
- 1.0 tesla). This provides the intended retention and
handling function of the MR fluid thereby allowing for the
recovery of the mixture by any suitable collective means,
such as raking, scooping, or lifting by the magnetic means
or other methods. Once removed from the body of water
by magnetic force, the reacted iron particles may be
subsequently separated from the mixture and recycled for
future use by means not limited to applying a wash such
as a suitable solvent for oil, while retaining the magnetic
particles through an applied magnetic force. In this
regard, in a laboratory experiment, about 2 grams (about
2.2 cc) of heavy mineral oil (density about 0.9 g/cc) on top
of about 90 grams of water in a shallow dish. About 1
gram of treated iron powder is dispersed over the oil
drop. After 4-5 minutes, the iron appeared to absorb the
oil (no mixing). A plastic coated magnet (approximate flux
density at the end of the bar: 1 kilogauss [1 kg]) was
contacted to the iron/ oil mixture. The magnet with
attached iron/ oil mixture was then removed from the oil
drop and the magnet was wiped clean with a paper towel.
The process was repeated until there was visually little or
no iron remaining. An additional gram of treated iron
powder was added to the oil on the water and repeated
the above process. The weight of the container was
monitored throughout the process. The measured weights
indicated that 100% of the oil was removed from the
water although a small droplet could still be seen at the
surface. It was concluded that, conservatively, at least
90% of the oil was removed by this process and that a
minimum weight ratio of treated iron to oil to use is about
1:1. It is additionally envisioned that liquid hydrocarbon
material dispersed in a volume of water can be recovered
with direct dispersion of the aforementioned treated iron
particles. The treated iron particles are mixed into the
liquid hydrocarbon material, to form magneto rheological
fluid. It is envisioned that surfactants and suspension
agents can optionally be added directly with the treated
iron powder. After mixing, a predetermined magnetic
force is applied to the now formed magneto rheological
fluid. Removal of the magneto rheological fluid and
associated liquid hydrocarbon material from the volume
of Water is accomplished using filtering or mechanical
separation. The description of the invention is merely
exemplary in nature and, thus, variations that do not
depart from the gist of the invention are intended to be
within the scope of the invention. For example, separation
is possible using deter gents. Additionally, separation can
be accomplished using filtering. In this regard, the
filtering can either be mechanical or can utilize static or
induced magnetic medium.
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Claims

What is claimed?

A method of recovering a liquid hydrocarbon material
dispersed in a volume of water comprising the steps of:
reacting a plurality of iron particles With at least one
organic compound having an oleophilic chain end that
attaches to the surface of the iron particles; mixing said
iron particles into the liquid hydrocarbon material to
form a magneto rheological fluid; applying a magnetic
force of predetermined strength to said magneto
rheological fluid so as to increase the viscosity of the
magneto rheological fluid to a semi solid gel form; and
removing said magneto rheological fluid from said volume
of water while maintaining the applied magnetic force. A
method according to previous claim wherein said iron
particles have a mean diameter in the range of about one
to bout one hundred micrometers. A method according to
claim 1 wherein said organic compound is an alcohol, said
alcohol comprising a chain of between 10 and 18 carbon
atoms, said chain being configured to attach to the surface
of said iron. A method according to claim previous
wherein said organic compound is a saturated fatty acid
said chain end comprising between about 8 and about 18
carbon atoms, said chain end attaching to the surface of
said iron. Method according to previous claim wherein
said organic compound reacted with said iron is a tallow
amine. Method according to previous claim further
including the step of mixing a surfactant into the liquid
hydrocarbon material. A method of recovering a liquid
hydrocarbon material dispersed in a volume of water
comprising the steps of: reacting a plurality of iron
particles With at least one organic compound having an
oleophilic chain end that attaches to the surface of the
iron particles; mixing said iron particles into the liquid
hydrocarbon material to form a magneto rheological fluid;
applying a magnetic force of predetermined strength to
said magneto rheological fluid so as to increase the
viscosity of the magneto rheological fluid to a semi solid
gel form; and removing said magneto rheological fluid
from said volume of water while maintaining the applied
magnetic force

Advantages

1. Increased oleophilicity of the iron particles

2. Increased resistance of iron particles to oxidation
3. Increased viscosity of a hydrocarbon spill

4. Easily recycled & reusable for multiple applications.

5. Efficient Recovery of Oil Spills over other available
methods.
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Summary

1. Oil Spills are a serious problem

2. 0il Spills can be recovered with direct dispersion of the

treated iron particles with HCs to form MR

Fluid

2. the apparent viscosity of the MR fluid
3. Iron particles can be recycled & reused
4. High clean up efficiency can be obtained

Future Prospects

1. Economic comparison of available & proposed method
2. Feasibility of the Project on Industrial Scale

1. A predetermined magnetic force is applied to increase

Existing Methods
Methods Advantages Disadvantages
. . . * not good for any life under water
Burning of Oil Works well + air pollution
* slow oil removal rates
9oL . . * expensive
0il Skimmers Low Capital cost . difficult to install
* units drag more water than oil
. * Disposal of polymers
Polymers . g::ﬁp available * Non biodegradable
y * narrow range of temp conditions
. Cost efficient * environmental constraints
Bioremediation « Efficient * extended treatment time
* various factors to consider
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