
METHOD OF EXTRACTING ETHANE FROM LIQUEFIED NATURAL GAS
CROSS REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional
Application 60/609,629, filed 14 September, 2004.
BACKGROUND Field of Invention [0002] Embodiments of
the invention generally relate to systems and methods
of processing hydrocarbons. More specifically,
embodiments of the invention relate to recovery of
natural gas liquids and a pressurized methane-rich
sales gas from liquefied natural gas. Description of
Related Art [0003] Natural gas is commonly recovered
in remote areas where natural gas production exceeds
demand within a range where pipeline transportation of
the natural gas is feasible. Thus, converting the
vapor natural gas stream into a liquefied natural gas
(LNG) stream makes it economical to transport the
natural gas in special LNG tankers to appropriate LNG
handling and storage terminals where there is
increased market demand. The LNG can then be
revaporized and used as a gaseous fuel for
transmission through natural gas pipelines to
consumers. [0004] The LNG consists primarily of
saturated hydrocarbon components such as methane,
ethane, propane, butane, etc. Additionally, the LNG
may contain trace quantities of nitrogen, carbon
dioxide, and hydrogen sulfide. Separation of the LNG
provides a pipeline quality gaseous fraction of
primarily methane that conforms to pipeline
specifications and a less volatile liquid hydrocarbon
fraction known as natural gas liquids (NGL). The NGL
include ethane, propane, butane, and minor amounts of
other heavy hydrocarbons. Depending on market
conditions it may be desirable to recover the NGL
because its components may have a higher value
asliquid products, where they are used as
petrochemical feedstocks, compared to their value as
fuel gas. [0005] Various techniques currently exist
for separating the methane from the NGL during
processing of the LNG. Information relating to the
recovery of natural gas liquids and/or LNG
revaporization can be found in: Yang, CC. et al.,
"Cost effective design reduces C2 and C3 at LNG
receiving terminals," Oil and Gas Journal, May 26,
2003, pp. 50-53; US 2005/0155381 Al; US 2003/158458
Al; GB 1 150 798; FR 2 804 751 A; US 2002/029585; GB 1
008 394 A; US 3,446,029; and S. Huang, et al., "Select
the Optimum Extraction Method for LNG Regasification,"
Hydrocarbon Processing, vol. 83, M y 2004, pp. 57-62.
[0006] There exists, however, a need for systems and
methods of processing LNG that increase efficiency
when separating NGL from a methane-rich gas stream.
There exists a further need for systems and methods of
processing LNG that enable selective diverting of the
LNG to a flow path that vaporizes both methane and
ethane plus within the LNG. SUMMARY [0007] Embodiments
of the invention generally relate to methods and
systems for recovery of natural gas liquids (NGL) and
a pressurized methane-rich sales gas from liquefied
natural gas (LNG). In certain embodiments, LNG passes
through a heat exchanger, thereby heating and
vaporizing at least a portion of the LNG. The
partially vaporized LNG passes to a fractionation
column where a liquid stream enriched with ethane plus
and a methane-rich vapor stream are withdrawn. The
withdrawn methane-rich vapor stream passes through the
heat exchanger to condense the vapor and produce a two
phase stream, which is separated in a separator into
at least a methane-rich liquid portion and a
methane-rich gas portion. A pump pressurizes the
methane-rich liquid portion prior to vaporization and
delivery to a pipeline. The methane-rich gas portion
may be compressed and combined with the vaporized
methane-rich liquid portion or used as plant site
fuel.BRIEF DESCRIPTION OF THE DRAWINGS [0008] Aspects
of specific embodiments of the inventions are shown in
the following drawing: [0009] Figure 1 is a flow
diagram of a processing system for liquefied natural
gas. DETAILED DESCRIPTION Introduction and Definitions
[0010] A detailed description will now be provided.
Each of the appended claims defines a separate
invention, which for infringement purposes is
recognized as including equivalents to the various
elements or limitations specified in the claims.
Depending on the context, all references below to the
"invention" may in some cases refer to certain
specific embodiments only. In other cases it will be
recognized that references to the "invention" will
refer to subject matter recited in one or more, but
not necessarily all, of the claims. Each of the
inventions will now be described in greater detail
below, including specific embodiments, versions and
examples, but the inventions are not limited to these
embodiments, versions or examples, which are included
to enable a person having ordinary skill in the art to
make and use the inventions, when the information in
this patent is combined with available information and
technology. Various terms as used herein are defined
below. To the extent a term used in a claim is not
defined below, it should be given the broadest 



definition persons in the pertinent art have given
that term as reflected in one or more printed
publications or issued patents. [0011] The term "heat
exchanger" broadly means any device capable of
transferring heat from one media to another media,
including particularly any structure, e.g., device
commonly referred to as a heat exchanger. Thus, the
heat exchanger may be a plate-and-frame,
shell-and-tube, spiral, hairpin, core, core-andkettle,
double-pipe or any other type on known heat exchanger.
Preferably, the heat exchanger is a brazed aluminum
plate fin type.[0012] The term "fractionation system"
means any structure that has one or more distillation
columns, e.g., a heated column containing trays and/or
random or structured packing to provide contact
between liquids falling downward and vapors rising
upward. The fractionation system may include one or
more columns for recovering NGL, which may be
processed in one or more additional fractionation
columns to separate the NGL into separate products
including ethane, propane and butane plus fractions.
[0013] The term "liquefied natural gas" (LNG) means
natural gas from a crude oil well (associated gas) or
from a gas well (non-associated gas) that is in liquid
form, e.g., has undergone some form of liquefaction.
In general, the LNG contains methane (C1) as a major
component along with minor components such as ethane
(C2) and higher hydrocarbons and contaminants such as
carbon dioxide, hydrogen sulfide, and nitrogen. For
example, typical C1concentration in LNG (prior to
removal of ethane) is between about 87% and 92%, and
typical C2 concentration in LNG is between about 4%
and 12%. [0014] The term "methane-rich" refers broadly
to any vapor or liquid stream, e.g., after
fractionation from which ethane plus amounts have been
recovered. Thus, a methane-rich stream has a higher
concentration OfC 1than the concentration of Ci in
LNG. Preferably, the concentration increase of Ci is
from removal of at least 95% of the ethane in the LNG
and removal of substantially all of the propane plus.
[001 5] The terms "natural gas liquids" (NGL) and
"ethane plus" (C2+) refer broadly to hydrocarbons
having two or more carbons such as ethane, propane,
butane and possibly small quantities of pentanes or
higher hydrocarbons. Preferably, NGL have a methane
concentration of 0.5 mol percent or less. [0016] The
term "plant site fuel" refers to fuel required to run
and operate a plant that may include a system for
processing LNG such as described herein. For example,
the amount of plant site fuel may amount to
approximately 1% of a delivery gas produced by the
system.Description of Specific Embodiments [0017] In
certain embodiments, a method of processing liquefied
natural gas (LNG) includes passing LNG through a heat
exchanger to provide heated LNG, fractionating the
heated LNG into a methane-rich vapor stream and a
natural gas liquids (NGL) stream, passing the
methane-rich vapor stream through the heat exchanger
to transfer heat from the methane-rich vapor stream to
the LNG passing through the heat exchanger and to
provide a two-phase stream that includes a
methane-rich liquid phase and a methane-rich vapor
phase, separating the two-phase stream into at least a
methane-rich liquid portion and a methane-rich gas
portion, increasing the pressure of the methane-rich
liquid portion to provide a sendout liquid stream and
recovering the sendout liquid stream to provide a
sales gas for delivery to a pipeline. [0018] In other
embodiments, a system for processing liquefied natural
gas (LNG) includes a heat exchanger, an LNG inlet line
in fluid communication with an LNG source and the heat
exchanger, configured such that LNG is capable of
passing through the LNG inlet line and the heat
exchanger, a fractionation system in fluid
communication with the heat exchanger, the
fractionation system having a first outlet for a
methane-rich vapor stream and a second outlet for a
natural gas liquids (NGL) stream, a vapor-liquid
separator, a condensation line fluidly connecting the
first outlet of the fractionation system to the
vapor-liquid separator, the condensation line passing
though the heat exchanger, configured such that heat
from the methane-rich vapor stream is transferred to
any LNG passing through the heat exchanger, a pump
having an inlet in fluid communication with a liquid
recovered in the vapor-liquid separator, and a
vaporizer in fluid communication with an outlet of the
pump and a pipeline for delivery of sales gas. [0019]
In other embodiments, a method of processing liquefied
natural gas (LNG) includes (a) providing LNG
containing natural gas liquids (NGL), (b) increasing
the pressure of the LNG to a first pressure to provide
pressurized LNG, (c) passing the pressurized LNG
through a heat exchanger to heat the LNG and provide
heated LNG, (d) passing the heated LNG to a separation
system that produces a methane-rich vaporstream and an
NGL stream, (e) passing the methane-rich vapor stream
produced by the separation system through the heat
exchanger, to provide a two-phase stream that includes
a liquid phase and a vapor phase, (f) separating the
two-phase stream into at least a liquid portion and a
gas portion, (g) increasing the pressure of the liquid
portion produced by the methane-rich vapor stream
passing through the heat exchanger to a second
pressure which is higher than the first pressure to
provide a pressurized liquid portion and (h)
vaporizing at least a portion of the pressurized
liquid portion without further removal of an ethane
plus component to produce a highpressure, 



methane-rich gas. Description of Embodiments Shown in
the Drawing [0020] Figure 1 illustrates an example of
one or more methods and systems for processing LNG.
The solid lines in Figure 1 connecting the various
components denote hydrocarbon streams, e.g., flowing
LNG or NGL compositions contained within a conduit,
e.g., a pipe. Structures such as flanges and valves
are not shown, but are nonetheless considered to be
part of the system. Each stream may be a liquid, or
gas, or a two-phase composition as the case may be.
Arrows denote direction of flow of the respective
stream. Broken lines denote alternative or additional
streams. [0021] An LNG processing system 100 includes
an LNG supply 101, a primary heat exchanger 122, a
fractionation column 128, and an output separator 144.
The LNG supply 101 feeds into an LNG tank 102 where a
boil-off vapor stream 104 from the LNG tank 102 is
compressed by a feed compressor 106 and an LNG liquid
stream 108 from the LNG tank 102 is increased in
pressure by a preliminary feed pump 110 prior to
mixing in a feed mixer 111 where the compressed
boiloff vapor is condensed in order to provide a
single phase LNG liquid feed stream 112. The LNG
liquid feed stream 112 passes to a main feed pump 114
to increase the pressure of the LNG liquid feed stream
112 to a desired operating pressure that depends on a
variety of factors, e.g., the operating parameters of
the fractionation column 128 and the desired
composition of the NGL to be recovered. Output from
the pump 114 creates a pressurized feed stream 116.
Preferably, the operating pressure of the pressurized
feed stream 116 is between approximately 500 and 600
psia. Alternatively, theoperating pressure may range
from as low as 200, or 300, or 400 psia to as high as
700, or 800, or 900 psia. In some applications, the
LNG supply 101 is at a sufficient operating pressure
such that the LNG supply 101 feeds into the heat
exchanger 122 without requiring increase in pressure.
A portion of the pressurized feed stream 116 may be
separated to provide a reflux stream 118 that provides
an external reflux for the fractionation column 128.
[0022] The pressurized feed stream 116 feeds the
primary heat exchanger 122 where the pressurized feed
stream 116 is heated and partially or wholly
vaporized. The pressurized feed stream 116 is
preferably at a temperature of about -250 F before it
enters the primary heat exchanger 122. Feed stream 116
passes through the primary heat exchanger 122, then it
may also pass through an external heat supply 124,
e.g., an optional feed vaporizer, which provides
further heating. In a particular advantageous feature,
the external heat supply 124 can provide temperature
modulation prior to feeding of the LNG stream to a
demethanizer separator 126 as a heated feed stream 125
at a temperature that is preferably approximately -120
F, but alternatively can range from a low of -160 F5
or -150 F, or -140 F, to a high of - 110 F, or -100 F,
or -90 F. The demethanizer separator 126 is preferably
a fractionation column, and may be omitted, combined
with or an integral part of the fractionation column
128 in some embodiments, e.g., to form a fractionation
system. The demethanizer separator 126 provides
separation of the heated feed stream 125 into a gas
phase that forms a methane-rich vapor stream 136 and a
liquid phase that forms a fractionation column feed
stream 127. The fractionation column feed stream 127
enters the fractionation column 128 and fractionates
into a methane-rich overhead stream 134 and an NGL
stream 132. A reboiler 130 for the fractionation
column 128 adds heat to facilitate distillation
operations and increase removal of methane from the
NGL. The reboiler 130 may add heat by one or more
submerged combustion vaporizers or a stand alone
heating system. [0023] The methane-rich overhead
stream 134 from the fractionation column 128 mixes
with the methane-rich vapor stream 136 in vapor mixer
138 to provide a combined methane-rich vapor stream
140. The vapor stream 140 passes through the primary
heat exchanger 122 where the vapor stream 140
exchanges heat with the feedstream 116, thereby
effectively utilizing the refrigeration potential of
the LNG supply 101 which is preferably at a
temperature of approximately -250 F before it enters
the heat exchanger, but may also be any desirable
temperature, e.g., ranging from a high of -225 F, or
-200 F to a low of -275 F. In at least one
advantageous feature, the vapor stream 140 is not
compressed prior to being passed through the primary
heat exchanger 122 in order to increase efficiency in
the system 100, based on the premise that gas
compression requires more energy than pumping liquid.
Thus, compressing the vapor stream 140 prior to
condensing the vapor stream 140 in the primary heat
exchanger 122 requires more energy than the energy
consumed by the system 100 shown in Figure 1. The
vapor stream 140 partially condenses in the heat
exchanger 122 and exits the heat exchanger 122 as a
two-phase stream 142. Preferably, at least 85% of the
vapor stream 140 condenses into a liquid in the heat
exchanger 122; more preferably at least 90% of the
vapor stream 140 condenses into a liquid in the heat
exchanger 122; and most preferably at least 95% of the
vapor stream 140 condenses into a liquid in the heat
exchanger 122. Even if the conditions of service
appear to allow most of the vapor to be condensed, it
will normally be desirable to leave some residual
vapor. The compressor, e.g., the compressor 158
discussed below, should be sized to handle the
transients, which may generate vapor during non-steady
state operation. The two-phase stream 142 is separated
into a methane-rich liquid stream 146 and a
methane-rich output gas stream 148 in an output
separator 144, e.g., a two 



phase flash drum. Thus, the majority of the vapor
stream 140 forms the methane-rich liquid stream 146
which can easily be pumped to sendout pressure by a
sendout pump 150 without requiring costly and
inefficient compressing. Likewise, only a minor
portion of the vapor stream 140 forms the output gas
stream 148 that requires boosting to sendout pressure
by a sendout compressor 158. After pumping the liquid
stream 146 to sendout pressure and boosting the output
gas stream 148 to sendout pressure, sendout vaporizer
152 and heater 160, which may both be open rack water
vaporizers or submerged combustion vaporizers, provide
a heated output gas stream 161 and a vaporized and
heated output gas stream 153, respectively. Therefore,
the heated output gas stream 161 and the vaporized and
heated output gas stream 153 may combine in an output
mixer 154 for delivery of a methane-rich delivery gas
stream156 to market (e.g., a gas pipeline that
transports gas at high pressure such as above 800
psia). [0024] In a particularly advantageous aspect,
the system 100 further enables switching between an
"NGL recovery mode" and an "NGL rejection mode." In
the NGL recovery mode, most if not all of the NGL is
extracted from the LNG supply 101 prior to
vaporization of the LNG supply 101, such as described
above. However, in the NGL rejection mode, all of the
LNG supply 101 (including ethane plus fractions) is
vaporized for delivery to market by a diverted path
300 (see broken lines). The pumps 110, 114, 150 can be
used to provide the necessary increase in pressure to
the LNG supply 101 in order to reach sendout pressure.
Further, heat sources such as reboiler 130, vaporizers
124, 152 and heater 160 provide sufficient energy to
heat and vaporize the LNG supply 101 to sendout
temperature after being pressurized by the pumps 110,
114, 150. Valves and additional conduits may be
utilized to bypass components (e.g., the demethanizer
separator 126 and the fractionation column 128) not
used during the NGL rejection mode and to arrange the
pumps ahead of the heat sources during the NGL
rejection mode. [0025] Figure 1 further illustrates
numerous options, as indicated by dashed lines and
combinations thereof. For example, external reflux for
the fractionation column 128 may be provided from
various sources other than the reflux stream 118, and
the pressurized feed stream 116 may provide
refrigeration potential from the LNG supply 101 to
additional heat exchangers that may be used in the
system 100 after the primary heat exchanger 122. In
one or more alternatives, at least a portion of the
methane-rich output gas stream 148 can be diverted to
a plant site fuel stream 200 that may be heated and
used to run and operate the system 100 and
accompanying plant. [0026] In an additional aspect or
alternative, the methane-rich liquid stream 146 may be
separated to provide a lean reflux stream 400 that may
be increased in pressure by a pump 402 prior to
entering the fractionation column 128 as a lean
external reflux stream 404. In order to further
improve the effectiveness of the lean external reflux
stream 404 in removing heavier hydrocarbons from the
overhead of the fractionation column 128, the lean
external reflux stream 404 may be chilled by areflux
heat exchanger (not shown) that acts to cool the lean
external reflux stream 404 against the pressurized
feed stream 116. In a further aspect, the system 100
may include a condenser 500 in fluid communication
(e.g., flow path 501) with a condenser heat exchanger
502. The condenser 500 may be a separate or integral
part of a rectification section of the fractionation
column 128. Fractionation tower overhead heat
exchanges directly or indirectly with the pressurized
feed stream 116 via the condenser heat exchanger 502
in order to provide a condenser reflux stream 504 for
the fractionation column 128. The external refluxes
provide particular utility for removing higher
hydrocarbons than ethane from the LNG supply 101 and
increasing the percentage of NGL removed from the
methane-rich overhead stream 134. [0027] In another
embodiment where at least a portion of the NGL stream
132 is not delivered directly to market at high
pressure, the system 100 may include an NGL heat
exchanger 600 to chill the NGL stream 132 against the
pressurized feed stream 116 so that there is minimal
flash once the NGL stream 132 reduces to atmospheric
pressure for storage in an ethane tank 602 or delivery
in an output NGL stream 604 at atmospheric pressure. A
flash gas stream 606 from the ethane tank 602 may be
compressed by an ethane compressor 608 and fed to the
bottom of the fractionation column 128 in order to
increase NGL recovery via NGL stream 132, avoid
flaring of the flash gas stream 606, and reduce the
duty of the reboiler 130. [0028] Described below are
examples of aspects of the processes described herein,
using (but not limited to) the reference characters in
Figure 1 when possible for clarity. A method of
processing LNG includes passing pressurized LNG 116
through a heat exchanger 122 to provide heated LNG
125, fractionating the heated LNG 125 into a
methane-rich vapor stream 134 and an NGL stream 132,
passing the vapor stream 134 through the heat
exchanger 122 to provide a two-phase stream 142 that
includes a liquid phase and a vapor phase, separating
the two-phase stream 142 into at least a liquid
portion 146 and a gas portion 148, increasing the
pressure of the liquid portion 146 to provide a
sendout liquid stream, and recovering the sendout
liquid stream for vaporization and delivery to market
153. Another method of vaporizing LNG includes
providing a vaporization system 100 having an
NGLrecovery mode for substantially separating methane
from NGL and an NGL rejection mode and switching the
vaporization system 100 between the recovery and
rejection 



modes, wherein the modes utilize common pumps 110,
114, 150 and heat sources 124, 130, 152, 160. EXAMPLES
Example 1 [0029] A hypothetical mass and energy
balance is carried out in connection with the process
shown in solid line in Figure 1. The data were
generated using a commercially available process
simulation program called HYSYS M (available from
Hyprotech Ltd. of Calgary, Canada). However, it is
contemplated that other commercially available process
simulation programs can be used to develop the data,
including HYSIM(tm), PROII(tm), and ASPEN PLUS(tm).
The data assumed the pressurized feed stream 116 had a
typical LNG composition as shown in Table 1. The data
presented in Table 1 can be varied in numerous ways in
view of the teachings herein, and is included to
provide a better understanding of the system shown in
solid line in Figure 1. That system results in
recovery of 95.7% (41290 BPD) of ethane from LNG while
delivering 1027 MMSCFD of methane-rich gas for
delivery at 35 F and 1215 psia.MAGNESIUM CHLORIDE
SUPPORT FIELD OF THE INVENTION The invention relates
to a support for olefin polymerizations and a method
of making the support. BACKGROUND OF THE INVENTION
Interest in catalysis continues to grow in the
polyolefin industry. There are several known processes
to polymerize olefins including solution, slurry, and
gas phase processes. For some processes, it is
preferred to use a solid catalyst and one common
strategy is to support a transition metal compound on
magnesium chloride. The surface area affects the
availability of the transition metal compound and
therefore the activity of the catalyst. The greater
the activity of the catalyst, the less the residual
transition metal which is left in the polyolefin. High
levels of residual transition metal can have adverse
effects on such properties as color and thermal
stability. There have been several approaches to
obtaining magnesium chloride with high surface area.
For example, U.S. Pat. No. 4,421 ,674 discloses a
spray drying method and compares it with several other
methods. They are able to prepare small particle size
magnesium chloride by heating a concentrated solution
of magnesium chloride in ethanol and spray drying the
solution with a stream of hot nitrogen. Spray drying
has advantages versus other techniques that can give
low particle size such as milling. Unfortunately,
milling yields irregular particles. When these
particles are treated with titanium tetrachloride, the
catalysts have lower activity than titanium
tetrachloride supported on spraydried magnesium
chloride. The '674 patent also teaches to dissolve
commercially available flake magnesium chloride with
an average particle size of from 0.1 to 2 mm in
anhydrous ethanol and heat to concentrate the
solution. The magnesium chloride precipitates as
elongated needles with an average size of 30 microns.
This is treated with titanium tetrachloride, but again
gives poorer results than those obtained by using
spray-dried magnesium chloride. Spray drying requires
extra equipment and it would be desirable to have a
simpler process.Further, as noted in U.S. Pat. No.
5,173,465, there are difficulties and complications
inherent in the spray drying operation. They attempt
to overcome these difficulties by impregnating porous
silica having a mean particle size of between 10 and
100 microns. The silica is slurried in an ethanol
solution of magnesium chloride to impregnate the
porous silica and then the slurry is heated to remove
the ethanol to a level of between 1.5 to 4 moles
ethanol per mole magnesium chloride. The silica
represents 50 - 90% by weight of the solid catalyst
component with the remaining 50-10% containing
titanium, magnesium, chlorine, and alkoxy groups. Even
at 50%, this doubles the weight of solid that must be
added to the polymerization. It would be desirable to
have a particle of magnesium chloride that can be used
as a support for transition metal compounds to form
highly active catalysts without the difficulties
associated with spray drying and without using high
levels of silica having a large particle size. There
has been considerable work with other systems
regarding crystal size. Much of the work involves
ensuring a large uniform crystal. One technique used
to influence crystal size is to seed a supersaturated
solution. The crystallization of potassium alum,
KAI(SC^)2-12H2O, has been studied extensively by
Kubota et al, as reported in Powder Technology 121
(2001) 3 1. They state that while "seeding has been
known for a long time as an effective technique. . . .
No one can predict what amount of seeds and what size
of seeds should be added into a crystallizer to
produce a product of desired size, or to stabilize
crystallization. No methodology has been proposed.
Seeding seems to be treated as an art." In the study
of potassium alum, Kubota made two key findings. There
is a critical seed concentration. Above that seed
concentration, the crystals of 



potassium alum were unimodal in size distribution and
bimodal below that concentration. Also, the mean size
of the potassium alum crystals increased linearly with
the mean mass size of the seeds. The sizes of the
seeds studied were from 40 microns to 300 microns.
Magnesium chloride has been used for more than 20
years and the concept of seeding to influence
crystallization has been known for more than 100
years. However, there remains a need to make magnesium
chloride of uniform and small particle size without
the complications of spray drying.SUMMARY OF THE
INVENTION The invention relates to supports comprising
inorganic oxide nanoparticles coated with magnesium
chloride and a method for making them. The
nanoparticles are used as seeds to crystallize
magnesium chloride from solution. The magnesium
chloride-coated inorganic oxide nanoparticles are
useful for supporting transition metal compounds. The
supported transition metal compounds can be used to
catalyze olefin polymerizations. DETAILED DESCRIPTION
OF THE INVENTION The support of the invention
comprises inorganic oxide nanoparticles coated with
magnesium chloride. By "nanoparticles," we mean
particles having a mean particle diameter less than 5
microns. The inorganic oxide nanoparticles preferably
have a mean particle diameter of less than 1 micron,
and more preferably less than 0.1 micron. The size of
the inorganic oxide is a more critical parameter than
the exact choice of inorganic oxide. Suitable
inorganic oxides include, for example, oxides of
aluminum, silicon, antimony, cerium, copper, indium,
iron, titanium, tin, yttrium, and zinc. Mixtures of
inorganic oxides may be used. The inorganic oxide
should be insoluble in the solvent used to crystallize
the magnesium chloride. Suitable inorganic oxides are
commercially available from a variety of companies.
Magnesium chloride can initially be of any size or
shape. Preferably, the magnesium chloride has a water
content less than 10% by weight, more preferably, less
than 0.5%. One preferred method of coating the
inorganic oxide with magnesium chloride is to slurry
the inorganic oxide in a solution of magnesium
chloride dissolved in ethanol and then crystallize the
magnesium chloride by cooling or concentrating the
solvent. Preferably, the slurry is stirred during
crystallization. Alcohols, especially ethanol, are
preferred solvents. Preferably, the solvent has a
water content less than 5% by weight. After
crystallization, the solid particles are separated
from excess solvent b y any of several techniques. One
preferred technique is to filter and then vacuum-dry
the solid. Optionally, drying is not exhaustive and a
small amount of the solvent remains with the solid.
When ethanol is used as a solvent, the drying is
preferably done until from 1 - 6 moles of ethanol per
mole magnesium chloride remain.The weight ratio of
magnesium chloride to inorganic oxide nanoparticles is
preferably from about 100:1 to about 100,000:1 , more
preferably, from about 1,000:1 to about 10,000:1. If
the weight ratio is too high, the particle size of the
crystals can be variable and too large. If the weight
ratio is too low, it can add to the cost
unnecessarily. The inorganic oxide nanoparticles
coated with magnesium chloride can be used as a
support material for an olefin polymerization
catalyst. Preferably, the olefin polymerization
catalyst is a metallocene, non-metallocene
single-site, or Ziegler-Natta catalyst comprising a
Group 4-10 transition metal compound. Metallocene
catalysts include those containing substituted and
unsubstituted cyclopentadienyl, fluorenyl, or indenyl
ligands, or the like, such as those described in U.S.
Pat. Nos. 4,791 ,180 and 4,752,597. Non-metallocene
single-site catalysts include the so-called
"constrained geometry" catalysts (see, e.g., U.S. Pat.
No. 5,064,802) and catalysts containing one or more
heteroatomic ring ligands such as boraaryl, pyrrolyl,
indolyl, indenoindolyl, quinolinyl, pyridinyl, and
azaborolinyl as described in U.S. Pat. Nos. 5,554,775,
5,539,124, 5,637,660, 5,902,866, and 6,232,260. More
preferably, the olefin polymerization catalyst is a
Ziegler-Natta catalyst. They include titanium halides,
titanium alkoxides, vanadium halides, and mixtures
thereof, especially, TiCb, TiCI4, mixtures of VOCI3
with TiCU, and mixtures of VCI4 with TiCI4. Other
suitable Ziegler-Natta catalysts appear in U.S. Pat.
No. 4,483,938 and in Eur. Pat. No. 222,504. Most
preferably the olefin polymerization catalyst is
TiCI4. Optionally, a Lewis base is also added to the
supported transition metal compound. Preferred Lewis
bases are C3-C24 esters such as butyl acetate, diethyl
phthalate, trimethyl trimellitate, and diethyl adipate
and C4-Ci 6 ethers such as dibutyl ether, glyme, and
diglyme. More preferred Lewis bases are C9- C24 esters
such as diethyl phthalate, dioctyl isophthalate, and
1,6-hexanediol bisbenzoate. The supported transition
metal compounds are useful as olefin polymerization
catalysts. The polymerization is conducted in the
presence of the supported transition metal compound
and an aluminum compound such as 



methylalumoxane, diethyl aluminum chloride, triethyl
aluminum, and triisobutyl aluminum.Preferably, the
transition metal compound is a Ziegler-Natta catalyst
and the aluminum compound is a dialkyl aluminum halide
or a trialkyl aluminum compound. Preferably, the
olefin is an alpha-olefin. More preferably, the olefin
is selected from the group consisting of ethylene,
propylene, 1-butene, 1-hexene, 1-octene, and mixtures
thereof. Most preferably, the olefin is ethylene or
ethylene with a second olefin. The following examples
merely illustrate the invention. Those skilled in the
art will recognize many variations that are within the
spirit of the invention and scope of the claims.
EXAMPLE 1 Magnesium chloride powder, (100 g; water
content < 5%; available from Aldrich Chemical Company)
is dissolved under nitrogen in 1.5 L of anhydrous
ethanol at 700C with stirring. Aluminum oxide (0.01 g)
with an average particle size o f 47 nm (0.047
microns) (available from Nanophase Technologies
Corporation) is added with continued stirring. The
slurry is concentrated with slight vacuum while
maintaining the temperature at 700C to a volume of 500
ml_ to begin crystallization. The mixture is cooled to
room temperature to obtain more crystals. The
magnesium chloride coated on aluminum oxide is
filtered and dried for 1 hour at 40C under vacuum. The
particles are expected to be uniform and to have a
large surface area. EXAMPLE 2 The magnesium chloride
coated on inorganic oxide prepared in Example 1 ( 1 g
) is placed in a glass tube and exposed to a stream of
titanium tetrachloride in nitrogen for 2 hours to
support the titanium tetrachloride. A 2-L stainless
steel polymerization reactor is pressure purged with
dry nitrogen three times at 70C. After completely
venting the reactor, hydrogen is added as a 1.7 MPa
pressure drop from a 7-mL vessel. A solution of
1-hexene (100 mL) and triisobutyl aluminum ( 1 mmol)
in isobutane ( 1 L) is added to the reactor followed
by the supported titanium tetrachloride. Ethylene is
added to give a total reactor pressure of 2.4 MPa.
Temperature is maintained at 7O0C and ethylene
pressure is fed on demand to maintain 2.4 MPa for 30
minutes. After 30 minutes of polymerization, the
reactor is vented to remove the volatiles. A copolymer
of ethylene with hexene is the expected reaction
product.The preceding examples are meant only as
illustrations. The following claims define the
invention.We claim: 1. A support comprising inorganic
oxide nanoparticles coated with magnesium chloride. 2
. The support of claim 1 wherein the nanoparticles
have a mean particle diameter of less than 1 micron.
3. The support of claim 2 wherein the nanoparticles
have a mean particle diameter of less than 0.1 micron.
4 . The support of claim 1 wherein the weight ratio of
magnesium chloride to inorganic oxide is from about
100:1 to about 100,000:1 . 5. The support of claim 4
wherein the weight ratio of magnesium chloride to
inorganic oxide is from about 1,000:1 to about
10,000:1. 6. The support of claim 1 further comprising
ethanol. 7 . The support of claim 1 wherein the
inorganic oxide is selected from the group consisting
of oxides of aluminum, antimony, cerium, copper,
indium, iron, silicon, tin, titanium, yttrium, zinc,
and mixtures thereof. 8 . A method which comprises
crystallizing magnesium chloride in the presence of
inorganic oxide nanoparticles to produce a support. 9.
The method of claim 8 wherein the crystallization is
performed in the presence of an alcohol solvent. 10.
The method of claim 9 wherein the solvent is ethanol.
11. A metallocene, non-metallocene single-site, or
Ziegler-Natta catalyst which comprises a Group 4-10
transition metal compound and the support of claim 1.
12. The catalyst of claim 11 wherein the Group 4-10
transition metal compound is TiCI4. 13. A process
which comprises polymerizing an olefin in the presence
of an aluminum compound and the catalyst of claim 11.
14. The process of claim 13 wherein the olefin is
selected from the group consisting of ethylene,
propylene, 1-butene, 1-hexene, 1-octene, and mixtures
thereof. 


