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Description

FIELD OF THE INVENTION

[0001] The present disclosure concerns methods and systems for the measurement of a property of a liquid in a two-
phase liquid-solid mixture, and more particularly relates to the measurement of a property of a liquid in a loop slurry
polymerization reactor or similar process.

BACKGROUND OF THE INVENTION

[0002] There are various techniques that can be used to separate a liquid stream from a liquid-solid mixture, such as
centrifugation, sieving, or flashing. However, these techniques often have drawbacks when rapid and frequent sampling
of the liquid stream is required for analytical testing, and excessive waste can be generated. Therefore, it would be
beneficial to have a quick and effective liquid-solid separation technique, which does not require centrifugation, sieving,
flashing, and the like, yet minimizes the waste generated. Accordingly, it is to these ends that the present disclosure is
directed.

SUMMARY OF THE INVENTION

[0003] Methods for measuring a property of a liquid in a vessel containing a liquid-solid mixture are disclosed and
described herein. In one embodiment of this invention, the method can comprise (i) withdrawing a sample of the liquid-
solid mixture from the vessel, (ii) flowing the sample of the liquid-solid mixture through a vertical settling tube, (iii)
periodically stopping the flow of the sample of the liquid-solid mixture in the tube for a time period sufficient for the solid
to settle to a bottom portion of the tube and for the liquid to occupy an upper portion of the tube, (iv) removing a small
fraction of the liquid in the upper portion of the tube and transferring the small fraction of the liquid to an analytical
instrument for measuring the property of the liquid, (v) restoring flow through the tube, and (vi) returning an unused
fraction of the sample of the liquid-solid mixture to the vessel. While not limited thereto, the vessel can be a loop slurry
polymerization reactor.
[0004] In another embodiment of this invention, a process for operating a polymerization reactor system is disclosed
and described. This process can comprise (I) contacting a transition metal-based catalyst system with an olefin monomer
and an optional olefin comonomer in a loop slurry reactor within the polymerization reactor system under polymerization
reaction conditions to produce an olefin polymer, the loop slurry reactor containing a liquid-solid mixture, (II) measuring
a property of the liquid in the loop slurry reactor, and (III) when the property of the liquid in the loop slurry reactor has
reached a predetermined level, adjusting a polymerization reaction condition. The property of the liquid in the loop slurry
reactor can be determined by using a method comprising the steps of (i) withdrawing a sample of the liquid-solid mixture
from the loop slurry reactor, (ii) flowing the sample of the liquid-solid mixture through a vertical settling tube, (iii) periodically
stopping the flow of the sample of the liquid-solid mixture in the tube for a time period sufficient for the solid to settle to
a bottom portion of the tube and for the liquid to occupy an upper portion of the tube, (iv) removing a small fraction of
the liquid in the upper portion of the tube and transferring the small fraction of the liquid to an analytical instrument for
measuring the property of the liquid, (v) restoring flow through the tube, and (vi) returning an unused fraction of the
sample of the liquid-solid mixture to the loop slurry reactor.
[0005] In yet another embodiment of this invention, a liquid-solid sampling system is disclosed and described. This
sampling system can comprise (a) an inlet valve and an inlet pipe for withdrawing a liquid-solid mixture from a vessel,
(b) a vertical settling tube downstream of (and connected to) the inlet pipe, the tube configured to segregate the solid
to a bottom portion of the tube and for the liquid to occupy an upper portion of the tube (e.g., in the absence of flow), (c)
an outlet valve and an outlet pipe for returning an unused fraction of the liquid-solid mixture to the vessel, the outlet pipe
downstream of (and connected to) the tube, (d) a sample valve and a sample pipe, the sample valve positioned at the
upper portion of the tube and configured to withdraw a small fraction of the liquid in the upper portion of the tube, (e) an
analytical instrument downstream of (and connected to) the sample pipe, the analytical instrument configured to measure
a property (one or more) of the liquid, and (f) a controller (f1) configured to open the inlet valve and the outlet valve to
permit (e.g., continuous) flow of the liquid-solid mixture from the vessel, through the inlet pipe and the tube, and returning
to the vessel through the outlet pipe; and (f2) configured to periodically stop flow of the liquid-solid mixture by closing
the inlet valve and the outlet valve for a time period sufficient for the solid to settle to the bottom portion of the tube and
for the liquid to occupy the upper portion of the tube, and subsequently opening the sample valve to withdraw the small
fraction of the liquid from within the upper portion of the tube.
[0006] In still another embodiment of this invention, a polymerization reactor system is disclosed and described. This
reactor system can comprise (A) a loop slurry reactor configured to contact a transition metal-based catalyst system
with an olefin monomer and an optional olefin comonomer under polymerization reaction conditions to produce an olefin
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polymer, and (B) a liquid-solid sampling system. The liquid-solid sampling system, as provided herein, can comprise (a)
an inlet valve and an inlet pipe for withdrawing a liquid-solid mixture from the loop slurry reactor, (b) a vertical settling
tube downstream of the inlet pipe, the tube configured to segregate the solid to a bottom portion of the tube and for the
liquid to occupy an upper portion of the tube, (c) an outlet valve and an outlet pipe for returning an unused fraction of
the liquid-solid mixture to the loop slurry reactor, the outlet pipe downstream of the tube, (d) a sample valve and a sample
pipe, the sample valve positioned at the upper portion of the tube and configured to withdraw a small fraction of the
liquid in the upper portion of the tube, (e) an analytical instrument downstream of the sample pipe, the analytical instrument
configured to measure a property of the liquid, and (f) a controller (f1) configured to open the inlet valve and the outlet
valve to permit flow of the liquid-solid mixture from the loop slurry reactor, through the inlet pipe and the tube, and
returning to the loop slurry reactor through the outlet pipe; and (f2) configured to periodically stop flow of the liquid-solid
mixture by closing the inlet valve and the outlet valve for a time period sufficient for the solid to settle to the bottom
portion of the tube and for the liquid to occupy the upper portion of the tube, and subsequently opening the sample valve
to withdraw the small fraction of the liquid from within the upper portion of the tube.
[0007] Both the foregoing summary and the following detailed description provide examples and are explanatory only.
Accordingly, the foregoing summary and the following detailed description should not be considered to be restrictive.
Further, features or variations may be provided in addition to those set forth herein. For example, certain embodiments
may be directed to various feature combinations and sub-combinations described in the detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0008]

FIG. 1 illustrates a schematic flow diagram of a polymerization reactor system, with an integrated liquid-solid sampling
system, consistent with embodiments of this disclosure.
FIG. 2 illustrates a general representation of a control scheme in accordance with embodiments of the present
disclosure, with a controller acting on the valves of FIG. 1.

DEFINITIONS

[0009] To define more clearly the terms used herein, the following definitions are provided. Unless otherwise indicated,
the following definitions are applicable to this disclosure. If a term is used in this disclosure but is not specifically defined
herein, the definition from the IUPAC Compendium of Chemical Terminology, 2nd Ed (1997), can be applied, as long as
that definition does not conflict with any other disclosure or definition applied herein, or render indefinite or non-enabled
any claim to which that definition is applied. To the extent that any definition or usage provided by any document
incorporated herein by reference conflicts with the definition or usage provided herein, the definition or usage provided
herein controls.
[0010] Regarding claim transitional terms or phrases, the transitional term "comprising," which is synonymous with
"including," "containing," "having," or "characterized by," is inclusive or open-ended and does not exclude additional,
unrecited elements or method steps. The transitional phrase "consisting of" excludes any element, step, or ingredient
not specified in the claim. The transitional phrase "consisting essentially of" limits the scope of a claim to the specified
materials or steps and those that do not materially affect the basic and novel characteristics of the claim. A "consisting
essentially of" claim occupies a middle ground between closed claims that are written in a "consisting of" format and
fully open claims that are drafted in a "comprising" format. Absent an indication to the contrary, for example, describing
a compound or composition as "consisting essentially of" is not to be construed as "comprising," but is intended to
describe the recited component that includes materials which do not significantly alter the composition or method or
system to which the term is applied. For instance, a feedstock consisting essentially of a material A can include impurities
typically present in a commercially produced or commercially available sample of the recited compound or composition.
When a claim includes different features and/or feature classes (for example, a method step, feedstock features, and/or
system features, among other possibilities), the transitional terms comprising, consisting essentially of, and consisting
of apply only to the feature class to which it is utilized, and it is possible to have different transitional terms or phrases
utilized with different features within a claim. For example, a method can comprise several recited steps (and other non-
recited steps), but utilize a catalyst system consisting of specific components; alternatively, consisting essentially of
specific components; or alternatively, comprising the specific components and other non-recited components.
[0011] Unless otherwise specified, the terms "period" and "periodically" are not intended to be limited to any particular
time period, or to have a strictly defined time period associated therewith, and are therefore not limited to uniform, cyclic,
or otherwise equal time periods.
[0012] In this disclosure, while systems, process, and methods are often described in terms of "comprising" various
components, devices, or steps, the systems, processes, and methods can also "consist essentially of" or "consist of"
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the various components, devices, or steps, unless stated otherwise.
[0013] The terms "a," "an," and "the" are intended to include plural alternatives, e.g., at least one. For instance, the
disclosure of "a reactor" or "a property" is meant to encompass one, or combinations of more than one, reactor or
property, unless otherwise specified.
[0014] For any particular compound or group disclosed herein, any name or structure (general or specific) presented
is intended to encompass all conformational isomers, regioisomers, stereoisomers, and mixtures thereof that can arise
from a particular set of substituents, unless otherwise specified. The name or structure (general or specific) also encom-
passes all enantiomers, diastereomers, and other optical isomers (if there are any) whether in enantiomeric or racemic
forms, as well as mixtures of stereoisomers, as would be recognized by a skilled artisan, unless otherwise specified.
For instance, a general reference to pentane includes n-pentane, 2-methyl-butane, and 2,2-dimethylpropane; and a
general reference to a butyl group includes a n-butyl group, a sec-butyl group, an iso-butyl group, and a t-butyl group.
[0015] Various numerical ranges are disclosed herein. When a range of any type is disclosed or claimed herein, the
intent is to disclose or claim individually each possible number that such a range could reasonably encompass, including
end points of the range as well as any sub-ranges and combinations of sub-ranges encompassed therein, unless
otherwise specified. As a representative example, the present application discloses that the polymerization reaction
conditions can comprise a polymerization reaction temperature in a range from about 60 °C to about 115 °C in certain
embodiments. By a disclosure that the temperature can be in a range from about 60 °C to about 115 °C, the intent is to
recite that the temperature can be any temperature within the range and, for example, can be equal to about 60 °C,
about 65 °C, about 70 °C, about 75 °C, about 80 °C, about 85 °C, about 90 °C, about 95 °C, about 100 °C, about 105
°C, about 110 °C, or about 115 °C. Additionally, the temperature can be within any range from about 60 °C to about 115
°C (for example, the temperature can be in a range from about 70 °C to about 110 °C), and this also includes any
combination of ranges between about 60 °C and about 115 °C. Likewise, all other ranges disclosed herein should be
interpreted in a manner similar to this example.
[0016] The term "polymer" is used herein generically to include olefin homopolymers, copolymers, terpolymers, and
so forth. A copolymer can be derived from an olefin monomer and one olefin comonomer, while a terpolymer can be
derived from an olefin monomer and two olefin comonomers. Accordingly, "polymer" encompasses copolymers and
terpolymers derived from any olefin monomer and comonomer(s) disclosed herein. Similarly, an ethylene polymer would
include ethylene homopolymers, ethylene copolymers, ethylene terpolymers, and the like. As an example, an olefin
copolymer, such as an ethylene copolymer, can be derived from ethylene and a comonomer, such as 1-butene, 1-
hexene, or 1-octene. If the monomer and comonomer were ethylene and 1-hexene, respectively, the resulting polymer
could be categorized an as ethylene/1-hexene copolymer. The term "polymer" also is meant to include all molecular
weight polymers, and is inclusive of lower molecular weight polymers or oligomers. The term "polymer" as used herein
is intended to encompass oligomers (including dimers and trimers) derived from any olefin monomer disclosed herein
(as well from an olefin monomer and one olefin comonomer, an olefin monomer and two olefin comonomers, and so forth).
[0017] In like manner, the scope of the term "polymerization" includes homopolymerization, copolymerization, and
terpolymerization, as well as processes that might also be referred to as oligomerization processes. Therefore, a copo-
lymerization process would involve contacting an olefin monomer (e.g., ethylene) and an olefin comonomer (e.g., 1-
hexene) to produce an olefin copolymer.
[0018] The terms "contact product," "contacting," and the like, are used herein to describe compositions wherein the
components are contacted together in any order, in any manner, and for any length of time, unless otherwise specified.
For example, the components can be contacted by blending or mixing. Further, unless otherwise specified, the contacting
of any component can occur in the presence or absence of any other component of the compositions described herein.
Combining additional materials or components can be done by any suitable method. Further, the term "contact product"
includes mixtures, blends, solutions, slurries, reaction products, and the like, or combinations thereof. Although "contact
product" can, and often does, include reaction products, it is not required for the respective components to react with
one another. Likewise, "contacting" two or more components can result in a reaction product or a reaction mixture.
Consequently, depending upon the circumstances, a "contact product" can be a mixture, a reaction mixture, or a reaction
product.
[0019] The term "substantially free of solids," as used herein, means that the sample comprises less than 5 wt. %
solids, and often less than 3 wt. % solids, less than 2 wt. % solids, less than 1 wt. % solids, less than 0.5 wt. % solids,
or less than 0.1 wt. % solids (or insoluble particulates).
[0020] Although any methods, devices, and materials similar or equivalent to those described herein can be used in
the practice or testing of the invention, the typical methods, devices, and materials are herein described.
[0021] All publications and patents mentioned herein are incorporated herein by reference for the purpose of describing
and disclosing, for example, the constructs and methodologies that are described in the publications, which might be
used in connection with the presently described invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0022] Disclosed herein are methods for determining a property of a liquid in a liquid-solid mixture, and related processes
for operating polymerization reactor systems containing a loop slurry reactor. Also disclosed herein are polymerization
reactor systems with integrated liquid-solid sampling systems for determining a property of the liquid in the liquid-solid
mixture.
[0023] While not wishing to be bound by the following theory, it is believed that such reactor systems (and related
methods/processes) can provide a quick and effective liquid-solid separation, which does not require centrifugation,
sieving, flashing, or any similarly related technique, yet provides a liquid stream that is free or substantially free of solids
that might plug or adversely affect analytical equipment. Moreover, only a small fraction of the liquid is extracted for
analysis, and the remainder of the liquid-solid mixture is returned to the reactor vessel, thus beneficially reducing the
amount of waste generated, particularly the solid waste products. Further, due to the rapid separation and minimal
amount of liquid extracted, the frequency of testing can be increased without significantly increasing the waste generated,
thus providing more timely data for improved control and consistency of the polymerization process within a reactor
system.

LIQUID-SOLID SAMPLING SYSTEMS AND REACTOR SYSTEMS

[0024] Various polymerization reactor systems and liquid-solid sampling systems, and related processes for operating
or controlling such systems, are disclosed and described herein. For instance, in one embodiment, a liquid-solid sampling
system is provided, and in this embodiment, the sampling system can comprise (a) an inlet valve and an inlet pipe for
withdrawing a liquid-solid mixture from a vessel, (b) a vertical settling tube downstream of (and connected to) the inlet
pipe, the tube configured to segregate the solid to a bottom portion of the tube and for the liquid to occupy an upper
portion of the tube (e.g., in the absence of flow), (c) an outlet valve and outlet pipe for returning an unused fraction of
the liquid-solid mixture to the vessel, the outlet pipe downstream of (and connected to) the tube, (d) a sample valve and
a sample pipe, the sample valve positioned at the upper portion of the tube and configured to withdraw a small fraction
of the liquid in the upper portion of the tube, (e) an analytical instrument downstream of (and connected to) the sample
pipe, the analytical instrument configured to measure a property (one or more) of the liquid, and (f) a controller (f1)
configured to open the inlet valve and the outlet valve to permit (e.g., continuous) flow of the liquid-solid mixture from
the vessel, through the inlet pipe and the tube, and returning to the vessel through the outlet pipe; and (f2) configured
to periodically stop flow of the liquid-solid mixture by closing the inlet valve and the outlet valve for a time period sufficient
for the solid to settle to the bottom portion of the tube and for the liquid to occupy the upper portion of the tube, and
subsequently opening the sample valve to withdraw the small fraction of the liquid from within the upper portion of the
tube. Generally, the features of any of the liquid-solid sampling systems disclosed herein (e.g., the vessel, the settling
tube, the analytical instrument, the controller configuration, among others) are independently described herein, and
these features can be combined in any combination to further describe the disclosed liquid-solid sampling systems. For
instance, in some embodiments, the vessel from which the liquid-solid mixture is withdrawn can be a loop slurry reactor.
Moreover, other devices or system components can be present in the disclosed sampling systems, unless stated oth-
erwise.
[0025] In another embodiment of this invention, a polymerization reactor system is provided, and in this embodiment,
the reactor system can comprise (A) a loop slurry reactor (one or more) configured to contact a transition metal-based
catalyst system with an olefin monomer and an optional olefin comonomer under polymerization reaction conditions to
produce an olefin polymer, and (B) a liquid-solid sampling system. The liquid-solid sampling system, as described herein,
can comprise (a) an inlet valve and an inlet pipe for withdrawing a liquid-solid mixture from the loop slurry reactor, (b) a
vertical settling tube downstream of the inlet pipe, the tube configured to segregate the solid to a bottom portion of the
tube and for the liquid to occupy an upper portion of the tube, (c) an outlet valve and outlet pipe for returning an unused
fraction of the liquid-solid mixture to the loop slurry vessel, the outlet pipe downstream of the tube, (d) a sample valve
and a sample pipe, the sample valve positioned at the upper portion of the tube and configured to withdraw a small
fraction of the liquid in the upper portion of the tube, (e) an analytical instrument downstream of the sample pipe, the
analytical instrument configured to measure a property of the liquid, and (f) a controller (f1) configured to open the inlet
valve and the outlet valve to permit flow of the liquid-solid mixture from the loop slurry reactor, through the inlet pipe and
the tube, and returning to the vessel through the outlet pipe; and (f2) configured to periodically stop flow of the liquid-
solid mixture by closing the inlet valve and the outlet valve for a time period sufficient for the solid to settle to the bottom
portion of the tube and for the liquid to occupy the upper portion of the tube, and subsequently opening the sample valve
to withdraw the small fraction of the liquid from within the upper portion of the tube. Generally, the features of any of the
polymerization reactor systems disclosed herein (e.g., the loop slurry reactor, the catalyst system, the olefin monomer
(and olefin comonomer, if any), the polymerization conditions, the olefin polymer, the settling tube, the analytical instru-
ment, the controller configuration, among others) are independently described herein, and these features can be com-
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bined in any combination to further describe the disclosed polymerization reactor systems. Moreover, other devices or
reactor system components can be present in the disclosed polymerization reactor systems, unless stated otherwise.
Additionally, the catalyst system can be contacted with an olefin monomer and an olefin comonomer (e.g., contacted
with ethylene and an α-olefin comonomer, such as 1-hexene) in the loop slurry reactor in certain embodiments contem-
plated herein.
[0026] In one embodiment, the polymerization reactor system can comprise a single loop slurry reactor, while in another
embodiment, the polymerization reactor system can comprise two or more reactors, at least one of which is a loop slurry
reactor (e.g., multiple loop slurry reactors, a loop slurry reactor and a gas phase reactor, a loop slurry reactor and a
solution reactor, and so forth). Representative slurry polymerization reactors and processes are disclosed, for example,
in U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175, 5,575,979, 6,239,235, 6,262,191, 6,833,415, and 8,822,60.
[0027] Suitable diluents used in slurry polymerization include, but are not limited to, the monomer being polymerized
and hydrocarbons that are liquids under reaction conditions. Examples of suitable diluents include, but are not limited
to, hydrocarbons such as propane, cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and n-hex-
ane. Some loop polymerization reactions can occur under bulk conditions where no diluent is used.
[0028] In some embodiments, the polymerization reactor system can comprise any combination of a raw material feed
system, a feed system for catalyst and/or catalyst components, and/or a polymer recovery system. In other embodiments,
suitable reactor systems can comprise systems for feedstock purification, catalyst storage and preparation, extrusion,
reactor cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory analysis, and process control.
[0029] Polymerization conditions that can be monitored, adjusted, and/or controlled for efficiency and to provide desired
polymer properties can include, but are not limited to, reactor temperature, reactor pressure, catalyst system flow rate
into the reactor, monomer flow rate (and comonomer, if employed) into the reactor, monomer concentration in the reactor,
olefin polymer output rate, recycle rate, hydrogen flow rate (if employed), reactor cooling status, and the like. Polymer-
ization temperature can affect catalyst productivity, polymer molecular weight, and molecular weight distribution. A
suitable polymerization temperature can be any temperature below the de-polymerization temperature according to the
Gibbs Free energy equation. Typically, this includes from about 60 °C to about 280 °C, for example, from about 60 °C
to about 185 °C, from about 60 °C to about 115 °C, or from about 130 to about 180 °C, depending upon the type of
polymerization reactor, the polymer grade, and so forth. In some reactor systems, the polymerization reactor temperature
generally can be within a range from about 70 °C to about 110 °C, or from about 125 °C to about 175 °C.
[0030] Suitable pressures will also vary according to the reactor and polymerization type. The pressure for liquid phase
polymerizations in a loop reactor typically can be less than 1000 psig (6.89 MPa). The pressure for gas phase polym-
erization usually can be in the 200 psig to 500 psig range (1.38 MPa to 3.45 MPa). High pressure polymerization in
tubular or autoclave reactors generally can be conducted at about 20,000 psig to about 75,000 psig (138 MPa to 517
MPa). Polymerization reactors can also be operated in a supercritical region occurring at generally higher temperatures
and pressures. Operation above the critical point of a pressure/temperature diagram (supercritical phase) may offer
advantages.
[0031] The concentration of the reactants entering the polymerization reactor can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will be formed by the polymer resin and
the method of forming that product ultimately can determine the desired polymer properties and attributes. Mechanical
properties include tensile, flexural, impact, creep, stress relaxation, and hardness tests. Physical properties include
density, molecular weight, molecular weight distribution, melting temperature, glass transition temperature, temperature
melt of crystallization, stereoregularity, crack growth, long chain branching, and rheological measurements.
[0032] Embodiments contemplated herein also are directed to, and encompass, the polymers (or oligomers) produced
by any of the polymerization reactor systems and processes disclosed herein. Articles of manufacture can be formed
from, and/or can comprise, the polymers (or oligomers) produced in accordance with the systems and methods described
herein.
[0033] Referring now to the liquid-solid sampling system, as described herein, this system can comprise (a) an inlet
valve and an inlet pipe for withdrawing a liquid-solid mixture from a vessel. The liquid-solid mixture can take various
forms, for instance, a slurry of solids in a liquid diluent. As it pertains to polymerization reactor systems containing a loop
slurry reactor, the vessel from which the liquid-solid mixture is withdrawn can be the loop slurry reactor, although not
limited thereto. The liquid-solid mixture can be withdrawn from any suitable vessel, device, or location within the polym-
erization reactor system in which the measurement of a property of the liquid in a two-phase liquid-solid mixture may
be beneficial. For example, the inlet valve can be connected to a discharge side of a reactor circulation pump present
within the polymerization reactor system. Additionally, the outlet valve can be connected to a suction side of the reactor
circulation pump, although not limited thereto. Thus, the unused fraction can be returned to the suction side of the reactor
circulation pump.
[0034] If desired, the polymerization reactor system can further comprise a diluent flush system configured to prevent
plugging of the liquid-solid mixture within the sampling system. The diluent flush system can include, for instance, a
vessel containing the diluent and a pump for conveying the diluent. Typically, this diluent flush system can be operated
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at a pressure higher than that of the vessel (e.g., a loop slurry reactor) from which the liquid-solid sample is withdrawn.
[0035] The liquid-solid sampling system, as described herein, can comprise (b) a vertical settling tube downstream of
the inlet pipe (i.e., connected to the inlet pipe). The settling tube can be configured to segregate the solid of the liquid-
solid mixture to a bottom portion of the settling tube, with the liquid occupying an upper portion of the settling tube. The
settling tube is described as a vertical settling tube and, typically, is oriented vertically (within about 5° of the vertical
direction), although this is not a requirement. The vertical settling tube can be oriented within about 10° of vertical, within
about 20° of vertical, within about 30° of vertical, or within about 45° of vertical, so long as the solids settle to the bottom
portion of the settling tube in a suitable period of time. Accordingly, the vertical settling tube generally relies on differences
in density between the solid and the liquid (in the liquid-solid mixture) to achieve separation of the liquid from the solid,
when there is no flow (or very minimal flow) through the settling tube. Although any suitable density difference between
the solid and the liquid can result in separation of the liquid from the solid, quicker and easier separation can be achieved
when the density difference is at least 0.1 g/cc, such as at least 0.2 g/cc, at least 0.3 g/cc, or at least 0.5 g/cc, e.g., the
density difference can be in a range from about 0.1 g/cc to about 3 g/cc, or from about 0.2 g/cc to about 1 g/cc, and the like.
[0036] The specific dimensions, geometric design, and angle of orientation of the settling tube are not particularly
limited, and can be adjusted based on the reactor system and liquid-solid mixture of interest. Accordingly, the settling
tube can be oriented at any suitable angle, configured with any suitable size and dimension, and can be of any suitable
geometric design or shape (e.g., cylinder, cube, sphere, cone, pyramid, or prism) that results in the separation of the
liquid from the solid as described herein.
[0037] Generally, the vertical settling tube can be configured to operate at a pressure equivalent to that of the vessel
(or the loop slurry reactor) from which the liquid-solid mixture is withdrawn, although this is not a requirement. An
"equivalent" pressure is meant to encompass pressures within +/- 5% of the vessel (or reactor) pressure. For instance,
the pressure can be in a range from about 100 psig (0.69 MPa) to about 1000 psig (6.89 MPa), from about 350 psig
(2.41 MPa) to about 800 psig (5.52 MPa), or from about 500 psig (3.45 MPa) to about 700 psig (4.83 MPa). Alternatively,
the pressure can be less in the vertical settling tube, provided that the lower pressure does not flash or evaporate the
liquid component of the liquid-solid mixture while in the settling tube.
[0038] The liquid-solid sampling system can comprise (c) an outlet valve and an outlet pipe for returning an unused
fraction of the liquid-solid mixture to the vessel. The unused fraction is the portion of the liquid-solid mixture that is not
withdrawn for analytical analysis. The outlet pipe is downstream of the vertical settling tube (and connected to the vertical
settling tube).
[0039] The liquid-solid sampling system can comprise (d) a sample valve and a sample pipe. The sample valve can
be positioned at the upper portion of the vertical settling tube and can be configured to withdraw a small fraction of the
liquid from within the upper portion of the vertical settling tube. Since the denser solid particles accumulate at the bottom
of the vertical settling tube, the sample valve generally is positioned at or near the very top of vertical settling tube, so
as to withdraw a sample of the liquid which is substantially free of solids (less than 5 wt. % solids). In some embodiments,
the small fraction of the liquid withdrawn from the upper portion of the settling tube contains less than 2 wt. % solids,
less than 1 wt. % solids, less than 0.5 wt. % solids, or less than 0.1 wt. % solids, and visually contains no solids or
particulates.
[0040] Beneficially, the small fraction of the liquid withdrawn from the upper portion of the settling tube is a very minor
percentage of the total amount of the liquid-solid mixture in the settling tube. For instance, the small fraction of the liquid
removed from the settling tube may be less than 10 mL, less than 5 mL, less than 3 mL, or less than 1 mL. Thus, waste
and disposal costs and considerations are minimized. Consistent with embodiments of this invention, the amount of the
small fraction of the liquid removed can be less than 5 wt. %, less than 2 wt. %, less than 1 wt. %, or less than 0.5 wt.
%, based on the total amount of the liquid-solid mixture in the settling tube.
[0041] The liquid-solid sampling system can comprise (e) an analytical instrument downstream of the sample pipe,
and connected to the sample pipe. The analytical instrument can be configured to measure a property of the liquid. Any
property of the liquid fraction, or combinations of properties of the liquid fraction, in the vessel (or loop slurry reactor)
that is useful to know can be measured or determined by the analytical instrument. The analytical instrument is not
particularly limited, although the analytical instrument can be a gas chromatograph, a liquid chromatograph, or a spec-
trometer (e.g., UV spectrometer, IR spectrometer (including a Fourier transform infrared (IR) spectrometer), Raman
spectrometer, mass spectrometer, or nuclear magnetic resonance (NMR) spectrometer), or a combination thereof (e.g.,
a GC-GC Time of Flight (TOF) mass spectrometer (GC-GC TOFMS)), in accordance with certain embodiments of this
invention.
[0042] Optionally, the liquid-solid sampling system can further comprise a filter assembly located or spaced before
the analytical instrument. The filter assembly can filter the small sample fraction of the liquid to remove solids or partic-
ulates, if any, prior to analysis by the analytical instrument to determine a property of the liquid. Additionally or alternatively,
the liquid-solid sampling system can comprise a carrier gas inlet that enters the sample pipe after the sample valve and
before the analytical instrument. Carrier gas, such as any inert gas, from the carrier gas inlet can transfer the small
fraction to the analytical instrument.
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[0043] The liquid-solid sampling system, as described herein, can comprise (f) a controller. The controller can be (f1)
configured to open the inlet valve and the outlet valve to permit (e.g., continuous) flow of the liquid-solid mixture from
the vessel (or reactor), through the inlet pipe and the vertical settling tube, and returning to the vessel (or reactor) through
the outlet pipe. Additionally, the controller can be (f2) configured to periodically stop the flow of the liquid-solid mixture
by closing the inlet valve and the outlet valve for a time period sufficient for the solid to settle to the bottom portion of
the vertical settling tube and for the liquid to occupy the upper portion of the vertical settling tube, and subsequently
opening the sample valve to withdraw the small fraction of the liquid from within the upper portion of the vertical settling
tube.
[0044] The controller, which can comprise any suitable processing unit or computer system, can be used to control
the valve opening and valve closing sequences, for example, to flow the liquid-solid mixture through the settling tube,
to extract a sample from the liquid-solid mixture in the settling tube, and so forth, as would be recognized by those of
skill in the art. For instance, the controller can perform (f1) continuously for a period of time - e.g., at least 1 min, at least
2 min, at least 5 min, from 1 to 30 min, from 2 to 15 min, or from 3 to 10 minbefore (f2) is conducted. Thus, the controller
can be configured to conduct sampling on an as-needed basis or at any suitable set time interval, depending upon the
requirements of the analytical instrument and the vessel or reactor system.
[0045] The controller or computing device can be implemented using a personal computer, a network computer, a
server, a mainframe, or other similar microcomputer-based workstation. The controller or computing device can comprise
any computer operating environment, such as hand-held devices, multiprocessor systems, microprocessor-based or
programmable sender electronic devices, minicomputers, mainframe computers, and the like. The controller or computing
device also can be practiced in distributed computing environments where tasks are performed by remote processing
devices. Furthermore, the controller or computing device can comprise a mobile terminal, such as a smart phone, a
cellular telephone, a cellular telephone utilizing wireless application protocol (WAP), personal digital assistant (PDA),
intelligent pager, portable computer, a hand held computer, a conventional telephone, a wireless fidelity (Wi-Fi) access
point, or a facsimile machine. The aforementioned systems and devices are examples, and the controller or computing
device can comprise other systems or devices. Controller or computing device also can be implemented via a system-
on-a-chip (SOC) where each and/or many of the components illustrated above can be integrated onto a single integrated
circuit. Such an SOC device can include one or more processing units, graphics units, communications units, system
virtualization units and various application functionalities, all of which can be integrated (or "burned") onto the chip
substrate as a single integrated circuit. Other controller methodologies and devices are readily apparent to one of skill
in the art in view of this disclosure.
[0046] In some embodiments, a beneficial aspect of the liquid-solid sampling systems and polymerization reactor
systems is that these systems do not require a typical liquid-solid separation device, such as a centrifuge, a flash drum,
or a sieve, in order to produce a liquid fraction for analysis that is substantially free of any solids or particulates.
[0047] A representative polymerization reactor system 100, with an integrated liquid-solid sampling system, consistent
with embodiments of this invention is illustrated in FIG. 1. The polymerization reactor system 100 includes a reactor
vessel 110, a settling tube 115, an analytical instrument 125, a diluent flush system 130, a carrier gas system 145, and
a controller 180. For emphasis on the features of the sampling system, the reactor vessel 110 is shown only as partial
sections of a loop slurry reactor, with the flow direction indicated by the arrows. An inlet valve 101 and an inlet pipe 112
(for withdrawing a sample of the liquid-solid mixture from the reactor vessel 110) are connected to the reactor vessel
110 at a location different from an outlet valve 102 and an outlet pipe 118 (for returning the unused fraction of the liquid-
solid mixture to the reactor vessel 110), although this is not a requirement. The diluent flush system 130 can have a first
diluent flush line 140 and a second diluent flush line 135. The first diluent flush line 140 is connected to the inlet pipe
112 and prevents plugging of the liquid-solid mixture, and the flow of the diluent in the first diluent flush line 140 is
regulated by a first diluent flush valve 105. The second diluent flush line 135 is connected to the outlet pipe 118 and
prevents plugging of the liquid-solid mixture, and the flow of the diluent in the second diluent flush line 135 is regulated
by a second diluent flush valve 106.
[0048] The sample of the liquid-solid mixture from the reactor vessel 110 flows from the inlet pipe 112 into the settling
tube 115, which is oriented vertically, and the unused fraction returns to the reactor vessel 100 via the outlet pipe 118.
At or near the top of the settling tube 115 is a sample pipe 170 and a sample valve 103, which serve to withdraw a small
fraction of the liquid from the upper portion of the settling tube 115. The liquid sample in the sample pipe 170 proceeds
to an in-line filter 120 and then to the analytical instrument 125 for measurement of at least one property of the liquid
portion of the liquid-solid mixture. At any point in the sample pipe 170, the liquid sample from the settling tube 115 may
be converted to the gas phase by one or more of increased temperature and reduced pressure, or by any other suitable
means.
[0049] The carrier gas system 145 can have a first carrier gas line 150 (with flow controlled by a first carrier gas valve
107) and a second carrier gas line 155 (with flow controlled by a second carrier gas valve 108). Any suitable inert gas
can be used in the carrier gas system 145. A sample sweep valve 104 is positioned on the sample pipe 170 between
the entry points of the first carrier gas line 150 and the second carrier gas line 155 on the sample pipe 170. As described
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further hereinbelow, by appropriately sequencing the sample valve 103, the sample sweep valve 104, the first carrier
gas valve 107, and the second carrier gas valve 108, a small fraction of the liquid from the upper portion of the settling
tube 115 can be withdrawn, and then subsequently carried through the sample pipe 170 to the analytical instrument 125
for any suitable measurement or analysis.
[0050] In FIG. 1, the controller 180 is illustrated with an arrow pointing down to indicate that the controller acts on or
controls certain aspects of the polymerization reactor system 100. In particular, as shown representatively in FIG. 2, the
controller 180 acts on or controls each of the inlet valve 101, the outlet valve 102, the sample valve 103, the sample
sweep valve 104, the first diluent flush valve 105, the second diluent flush valve 106, the first carrier gas valve 107, and
the second carrier gas valve 108. The controller 180 opens or closes the respective valves in certain orders or prede-
termined sequences in order to withdraw a liquid-solid mixture sample from the reactor vessel 110, in order to withdraw
a small liquid fraction from the settling tube 115, in order to sweep the liquid fraction to the analytical instrument 125 for
analysis, and so forth.

MEASUREMENT METHODS FOR A LIQUID-SOLID MIXTURE

[0051] Embodiments of this invention are directed to methods for measuring a property of a liquid in a vessel containing
a liquid-solid mixture. Such methods can comprise (or consist essentially of, or consist of) (i) withdrawing a sample of
the liquid-solid mixture from the vessel, (ii) flowing the sample of the liquid-solid mixture through a vertical settling tube,
(iii) periodically stopping the flow of the sample of the liquid-solid mixture in the vertical settling tube for a time period
sufficient for the solid to settle to a bottom portion of the vertical settling tube and for the liquid to occupy an upper portion
of the vertical settling tube, (iv) removing a small fraction of the liquid in the upper portion of the vertical settling tube
and transferring the small fraction of the liquid to an analytical instrument for measuring the property of the liquid, (v)
restoring flow through the vertical settling tube, and (vi) returning an unused fraction of the sample of the liquid-solid
mixture to the vessel. Generally, the features of the methods disclosed herein (e.g., the vessel, the settling tube, the
analytical instrument, among others) are independently described herein, and these features can be combined in any
combination to further describe the disclosed methods. For instance, the vessel from which the liquid-solid mixture is
withdrawn can be a loop slurry reactor. Moreover, other process steps can be conducted before, during, and/or after
any of the steps listed in the disclosed methods, unless stated otherwise.
[0052] Embodiments of this invention also are directed to processes for operating polymerization reactor systems.
Such processes can comprise (I) contacting a transition metal-based catalyst system with an olefin monomer and an
optional olefin comonomer in a loop slurry reactor within the polymerization reactor system under polymerization reaction
conditions to produce an olefin polymer, the loop slurry reactor containing a liquid-solid mixture, (II) measuring a property
of the liquid in the loop slurry reactor, and (III) when the property of the liquid in the loop slurry reactor has reached a
predetermined level, adjusting a polymerization reaction condition. The property of the liquid in the loop slurry reactor
can be determined by using a method comprising the steps of (i) withdrawing a sample of the liquid-solid mixture from
the loop slurry reactor, (ii) flowing the sample of the liquid-solid mixture through a vertical settling tube, (iii) periodically
stopping the flow of the sample of the liquid-solid mixture in the vertical settling tube for a time period sufficient for the
solid to settle to a bottom portion of the vertical settling tube and for the liquid to occupy an upper portion of the vertical
settling tube, (iv) removing a small fraction of the liquid in the upper portion of the vertical settling tube and transferring
the small fraction of the liquid to an analytical instrument for measuring the property of the liquid, (v) restoring flow through
the vertical settling tube, and (vi) returning an unused fraction of the sample of the liquid-solid mixture to the loop slurry
reactor. Generally, the features of the processes disclosed herein (e.g., the loop slurry reactor, the catalyst system, the
olefin monomer (and olefin comonomer, if any), the polymerization conditions, the olefin polymer, the settling tube, the
analytical instrument, among others) are independently described herein, and these features can be combined in any
combination to further describe the disclosed processes. Moreover, other process steps can be conducted before, during,
and/or after any of the steps listed in the disclosed processes, unless stated otherwise.
[0053] In step (i), a sample of the liquid-solid mixture can be withdrawn from the vessel (or loop slurry reactor). The
sample can be withdrawn periodically, or a continuous sample can be withdrawn. This withdrawn sample flows through
the vertical settling tube in step (ii). This step can be performed for any suitable length of time before step (iii) is conducted,
such as continuously for at least 1 min, at least 2 min, or at least 5 min, or continuously for from 1 to 30 min, from 2 to
15 min, or from 3 to 10 min. Periodically, in step (iii), the flow of the sample of the liquid-solid mixture in the vertical
settling tube is stopped for a time period sufficient for the solid to settle to a bottom portion of the vertical settling tube
and for the liquid to occupy an upper portion of the vertical settling tube. Any suitable time period can be used for the
solid to begin to settle, and this can depend upon, for example, the density difference between that of the liquid and the
solid. Additionally, the time period should not be excessive so as to cause plugging within the liquid-solid sampling
system. In some embodiments, the time period used can be from about 1 sec to about 5 min, from about 1 sec to about
1 min, from about 5 sec to about 1 min, from about 10 sec to about 45 sec, from about 15 sec to about 2 min, or from
about 30 sec to about 90 sec, and the like.
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[0054] In step (iv), a small fraction of the liquid in the upper portion of the vertical settling tube can be extracted and
transferred to an analytical instrument for measuring any desired property of the liquid. During the step of transferring
the small fraction of the liquid, the liquid can be vaporized, such as by increasing temperature, decreasing pressure, or
other suitable technique. Further, a carrier gas (e.g., an inert gas) can be used to facilitate the transfer of the small
fraction of the liquid from the vertical sampling tube to the analytical instrument.
[0055] The analytical instrument (and, therefore, the property of the liquid being measured) is not particularly limited.
Generally, however, the analytical instrument can be a gas chromatograph, a liquid chromatograph, a mass spectrometer,
a UV spectrometer, an infrared spectrometer, a Raman spectrometer, a Fourier transform infrared spectrometer, a
nuclear magnetic resonance (NMR) spectrometer, and the like, as well as combinations thereof (e.g., a GC-GC Time
of Flight (TOF) mass spectrometer (GC-GC TOFMS)). If desired, the liquid extracted from the vertical settling tube can
be filtered prior to the analytical instrument.
[0056] After the small fraction of the liquid has been extracted for analysis, in steps (v) and (vi), the flow is restored
through the vertical settling tube, and the unused fraction of the sample of the liquid-solid mixture (minus the small
fraction of the liquid that was extracted) can be returned to the vessel (or loop slurry reactor). Beneficially, this technique
minimizes the amount of waste generated, since only the small fraction analyzed by the analytical instrument is disposed
of.
[0057] Also beneficially, the methods and processes disclosed herein do not require a typical liquid-solid separation
step, such as centrifuging, a flashing, or sieving, in order to adequately separate the solids from the liquid, in order
produce a liquid fraction for analysis that is substantially free of any solids or particulates.
[0058] In some embodiments, at least one of step (i) thru step (vi) is conducted at a pressure equivalent to vessel (or
reactor) pressure, while in other embodiments, all of steps (i) thru (vi) are conducted at a pressure equivalent to vessel
(or reactor) pressure. In these embodiments, "equivalent" pressure is meant to encompass pressures within +/- 5% of
the vessel (or reactor) pressure. While not limited thereto, the pressure can be in a range from about 100 psig (0.69
MPa) to about 1000 psig (6.89 MPa), from about 350 psig (2.41 MPa) to about 800 psig (5.52 MPa), or from about 500
psig (3.45 MPa) to about 700 psig (4.83 MPa), in certain embodiments of this invention.
[0059] Consistent with particular embodiments of this invention, the sample of the liquid-solid mixture withdrawn from
the loop slurry reactor, in step (i), can be withdrawn from a discharge side of a reactor circulation pump present within
the polymerization reactor system. Additionally or alternatively, the unused fraction of the liquid-solid mixture, in step
(vi), can be returned to a suction side of the reactor circulation pump, although not limited thereto. If desired, flushes of
a diluent can be used in to prevent plugging of the liquid-solid mixture within the sampling system.
[0060] The methods disclosed herein are applicable to a wide variety of circumstances where a loop slurry reactor
(containing a liquid-solid mixture) is employed, and a property of the liquid in the loop slurry reactor may be of interest.
For example, the amount of monomer present in the liquid, the amount of comonomer present in the liquid, the amount
of hydrogen present in the liquid, the amount of any catalyst system component present in the liquid, the amount of
olefin polymer product in the liquid, and the like, may be of interest. Consistent with embodiments disclosed herein,
when the property of the liquid (e.g., an amount of any particular material in the liquid) has reached a predetermined
level, a polymerization reaction condition can be adjusted. The predetermined level can be ascertained by one of skill
in the art depending upon, for instance, the historic and the prevailing conditions in the polymerization reactor system.
As non-limiting examples, a predetermined level may be a decrease of a certain percentage (e.g., above a percentage
that is deemed allowable during normal on-prime production) or the increase of a certain percentage of the amount of
any particular material present in the liquid. For instance, if the monomer concentration in the liquid is too low, then the
feed rate of the monomer to the polymerization reactor system (e.g., to the loop reactor) can be increased to bring the
monomer concentration to an acceptable level. As another example, if the polymer concentration in the liquid is too high,
then the reaction temperature can be decreased (to decrease solubility) to bring the polymer concentration to an ac-
ceptable level.

CATALYST SYSTEMS

[0061] The methods, processes, and reactor systems disclosed herein are applicable to any catalyst system (e.g.,
any transition metal-based catalyst system) suitable for the polymerization of an olefin monomer, but are not limited
thereto. The catalyst system can comprise, for example, a transition metal (one or more than one) from Groups IIIB-XB
of the Periodic Table of the Elements. In one embodiment, the catalyst system can comprise a Group III, IV, V, or VI
transition metal, or a combination of two or more transition metals. The catalyst system can comprise chromium, titanium,
zirconium, hafnium, vanadium, or a combination thereof, in some embodiments, or can comprise chromium, titanium,
zirconium, hafnium, or a combination thereof, in other embodiments. Accordingly, the catalyst system can comprise
chromium, or titanium, or zirconium, or hafnium, either singly or in combination. Thus, catalyst systems comprising two
or more transition metal compounds, wherein each transition metal compound independently can comprise chromium,
titanium, zirconium, hafnium, vanadium, or a combination thereof, are contemplated and encompassed herein.
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[0062] Various catalyst systems known to a skilled artisan are useful in the polymerization of olefins. These include,
but are not limited to, Ziegler-Natta based catalyst systems, chromium-based catalyst systems, metallocene-based
catalyst systems, and the like, including combinations thereof. The polymerization processes and reactor systems dis-
closed herein are not limited to the aforementioned catalyst systems, but Applicants nevertheless contemplate particular
embodiments directed to these catalyst systems. Hence, the catalyst system can be a Ziegler-Natta based catalyst
system, a chromium-based catalyst system, and/or a metallocene-based catalyst system; alternatively, a Ziegler-Natta
based catalyst system; alternatively, a chromium-based catalyst system; or alternatively, a metallocene-based catalyst
system. In one embodiment, the catalyst system can be a dual catalyst system comprising at least one metallocene
compound, while in another embodiment, the catalyst system can be a dual catalyst system comprising two different
metallocene compounds.
[0063] Examples of representative and non-limiting catalyst systems include those disclosed in the U.S. Patent Nos.
3,887,494, 3,119,569, 4,053,436, 4,981,831, 4,364,842, 4,444,965, 4,364,855, 4,504,638, 4,364,854, 4,444,964,
4,444,962, 3,976,632, 4,248,735, 4,297,460, 4,397,766, 2,825,721, 3,225,023, 3,226,205, 3,622,521, 3,625,864,
3,900,457, 4,301,034, 4,547,557, 4,339,559, 4,806,513, 5,037,911, 5,219,817, 5,221,654, 4,081,407, 4,296,001,
4,392,990, 4,405,501, 4,151,122, 4,247,421, 4,397,769, 4,460,756, 4,182,815, 4,735,931, 4,820,785, 4,988,657,
5,436,305, 5,610,247, 5,627,247, 3,242,099, 4,808,561, 5,275,992, 5,237,025, 5,244,990, 5,179,178, 4,855,271,
4,939,217, 5,210,352, 5,401,817, 5,631,335, 5,571,880, 5,191,132, 5,480,848, 5,399,636, 5,565,592, 5,347,026,
5,594,078, 5,498,581, 5,496,781, 5,563,284, 5,554,795, 5,420,320, 5,451,649, 5,541,272, 5,705,478, 5,631,203,
5,654,454, 5,705,579, 5,668,230, 6,300,271, 6,831,141, 6,653,416, 6,613,712, 7,294,599, 6,355,594, 6,395,666,
6,833,338, 7,417,097, 6,548,442, 7,312,283, 7,026,494, 7,041,617, 7,199,073, 7,226,886, 7,517,939, 7,619,047,
7,919,639, and 8,080,681.
[0064] In some embodiments, the catalyst system, in addition to a transition metal compound, can contain an activator
and an optional co-catalyst. Illustrative activators can include, but are not limited to, aluminoxane compounds, orga-
noboron or organoborate compounds, ionizing ionic compounds, activator-supports (e.g., solid oxides treated with an
electron-withdrawing anion), and the like, or combinations thereof. Commonly used polymerization co-catalysts can
include, but are not limited to, metal alkyl, or organometal, co-catalysts, with the metal encompassing boron, aluminum,
and the like. For instance, alkyl boron and/or alkyl aluminum compounds often can be used as co-catalysts in a transition
metal-based catalyst system. Representative compounds can include, but are not limited to, tri-n-butyl borane, tripro-
pylborane, triethylborane, trimethylaluminum (TMA), triethylaluminum (TEA), tri-n-propylaluminum (TNPA), tri-n-butyla-
luminum (TNBA), triisobutylaluminum (TIBA), tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride, di-
ethylaluminum ethoxide, diethylaluminum chloride, and the like, including combinations thereof. In these and other
embodiments, the transition metal compound can comprise a metallocene compound and/or a chromium compound.
The metallocene compound can be a bridged melallocene or an unbridged metallocene compound.
[0065] In some embodiments, the transition metal-based catalyst system can comprise (or consist essentially of, or
consist of) a transition metal supported on, impregnated onto, and/or mixed or cogelled with a carrier. The transition
metal compound, whether a metallocene compound, chromium compound, or other, can be supported on, impregnated
onto, and/or mixed or cogelled with any of a number of porous carriers including, but not limited to, solid oxides, activator-
supports (chemically-treated solid oxides), molecular sieves and zeolites, clays and pillared clays, and the like. For
example, the transition metal-based catalyst system can comprise chromium impregnated onto silica, chromium impreg-
nated onto silica-titania, chromium impregnated onto aluminophosphate, chromium cogelled with silica, chromium co-
gelled with silica-titania, or chromium cogelled with aluminophosphate, and this includes any combinations of these
materials.

SOLID OXIDES

[0066] In some embodiments, the transition metal-based catalyst system can contain a solid oxide. Generally, the
solid oxide can comprise oxygen and one or more elements selected from Group 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, or 15 of the periodic table, or comprise oxygen and one or more elements selected from the lanthanide or actinide
elements (See: Hawley’s Condensed Chemical Dictionary, 11th Ed., John Wiley & Sons, 1995; Cotton, F.A., Wilkinson,
G., Murillo, C. A., and Bochmann, M., Advanced Inorganic Chemistry, 6th Ed., Wiley-Interscience, 1999). For example,
the solid inorganic oxide can comprise oxygen and an element, or elements, selected from Al, B, Be, Bi, Cd, Co, Cr,
Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn, and Zr.
[0067] Suitable examples of solid oxide materials or compounds that can be used as components of a catalyst system
can include, but are not limited to, Al2O3, B2O3, BeO, Bi2O3, CdO, Co3O4, Cr2O3, CuO, Fe2O3, Ga2O3, La2O3, Mn2O3,
MoO3, NiO, P2O5, Sb2O5, SiO2, SnO2, SrO, ThO2, TiO2, V2O5, WO3, Y2O3, ZnO, ZrO2, and the like, including mixed
oxides thereof, and combinations thereof.
[0068] The solid oxide can encompass oxide materials such as alumina, "mixed oxide" compounds thereof such as
silica-alumina, and combinations or mixtures of more than one solid oxide material. Mixed oxides such as silica-alumina
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can be single or multiple chemical phases with more than one metal combined with oxygen to form the solid oxide.
Examples of mixed oxides that can be used herein include, but are not limited to, silica-alumina, silica-coated alumina,
silica-titania, silica-zirconia, alumina-titania, alumina-zirconia, zinc-aluminate, alumina-boria, silica-boria, aluminum
phosphate, aluminophosphate, aluminophosphate-silica, titania-zirconia, and the like, or a combination thereof. Silica-
coated aluminas are encompassed herein; such oxide materials are described in, for example, U.S. Patent No. 7,884,163,
the disclosure of which is incorporated herein by reference in its entirety.
[0069] The percentage of each oxide in a mixed oxide can vary depending upon the respective oxide materials. As
an example, a silica-alumina typically has an alumina content from 5% to 95% by weight. According to one embodiment,
the alumina content of the silica-alumina can be from 5% to 50% alumina by weight, or from 8% to 30% alumina by
weight. In another embodiment, high alumina content silica-alumina compounds can be employed, in which the alumina
content of these silica-alumina materials typically ranges from 60% to 90% alumina by weight, or from 65% to 80%
alumina by weight.
[0070] In one embodiment, the solid oxide can comprise silica-alumina, silica-coated alumina, silica-titania, silica-
zirconia, alumina-titania, alumina-zirconia, zinc-aluminate, alumina-boria, silica-boria, aluminum phosphate, alumino-
phosphate, aluminophosphate-silica, titania-zirconia, or a combination thereof; alternatively, silica-alumina; alternatively,
silica-coated alumina; alternatively, silica-titania; alternatively, silica-zirconia; alternatively, alumina-titania; alternatively,
alumina-zirconia; alternatively, zinc-aluminate; alternatively, alumina-boria; alternatively, silica-boria; alternatively, alu-
minum phosphate; alternatively, aluminophosphate; alternatively, aluminophosphate-silica; or alternatively, titania-zir-
conia.
[0071] In another embodiment, the solid oxide can comprise silica, alumina, titania, zirconia, magnesia, boria, zinc
oxide, a mixed oxide thereof, or any mixture thereof. For instance, the solid oxide can comprise silica, alumina, titania,
or a combination thereof; alternatively, silica; alternatively, alumina; alternatively, titania; alternatively, zirconia; alterna-
tively, magnesia; alternatively, boria; or alternatively, zinc oxide.
[0072] In some embodiments, the solid oxide can have a pore volume greater than 0.1 cc/g, or alternatively, greater
than 0.5 cc/g. Often, the solid oxide can have a pore volume greater than 1.0 cc/g. Additionally, or alternatively, the solid
oxide can have a surface area greater than 100 m2/g; alternatively, greater than 250 m2/g; or alternatively, greater than
350 m2/g. For example, the solid oxide can have a surface area of from 100 m2/g to 1000 m2/g, from 200 m2/g to 800
m2/g, or from 250 m2/g to 600 m2/g.

ACTIVATOR-SUPPORTS

[0073] The present invention encompasses various transition metal-based catalyst systems which can contain an
activator-support. In one embodiment, the activator-support can comprise a solid oxide treated with an electron-with-
drawing anion. Alternatively, in another embodiment, the activator-support can comprise a solid oxide treated with an
electron-withdrawing anion, the solid oxide containing a Lewis-acidic metal ion. Non-limiting examples of suitable acti-
vator-supports are disclosed in, for instance, U.S. Patent Nos. 7,294,599, 7,601,665, 7,884,163, 8,309,485, 8,623,973,
and 8,703,886, and U.S. Patent Publication No. 2015/0018503, which are incorporated herein by reference in their
entirety.
[0074] The solid oxide can encompass oxide materials such as alumina, "mixed oxides" thereof such as silica-alumina,
coatings of one oxide on another, and combinations and mixtures thereof. The mixed oxides such as silica-alumina can
be single or multiple chemical phases with more than one metal combined with oxygen to form the solid oxide. Examples
of mixed oxides that can be used to form an activator-support, either singly or in combination, can include, but are not
limited to, silica-alumina, silica-titania, silica-zirconia, alumina-titania, alumina-zirconia, zinc-aluminate, alumina-boria,
silica-boria, aluminophosphate-silica, titania-zirconia, and the like. The solid oxide used herein also can encompass
oxide materials such as silica-coated alumina, as described in U.S. Patent No. 7,884,163.
[0075] Accordingly, in one embodiment, the solid oxide can comprise silica, alumina, silica-alumina, silica-coated
alumina, aluminum phosphate, aluminophosphate, heteropolytungstate, titania, silica-titania, zirconia, silica-zirconia,
magnesia, boria, zinc oxide, any mixed oxide thereof, or any combination thereof. In another embodiment, the solid
oxide can comprise alumina, silica-alumina, silica-coated alumina, aluminum phosphate, aluminophosphate, heteropol-
ytungstate, titania, silica-titania, zirconia, silica-zirconia, magnesia, boria, or zinc oxide, as well as any mixed oxide
thereof, or any mixture thereof. In another embodiment, the solid oxide can comprise silica, alumina, titania, zirconia,
magnesia, boria, zinc oxide, any mixed oxide thereof, or any combination thereof. In yet another embodiment, the solid
oxide can comprise silica-alumina, silica-coated alumina, silica-titania, silica-zirconia, alumina-boria, or any combination
thereof. In still another embodiment, the solid oxide can comprise alumina, silica-alumina, silica-coated alumina, or any
mixture thereof; alternatively, alumina; alternatively, silica-alumina; or alternatively, silica-coated alumina.
[0076] The silica-alumina or silica-coated alumina solid oxide materials which can be used can have an silica content
from about 5 to about 95% by weight. In one embodiment, the silica content of these solid oxides can be from about 10
% to about 80% silica by weight, or from about 20% to about 70% silica by weight. In another embodiment, such materials
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can have silica contents ranging from about 15% to about 60% silica by weight, or from about 25% to about 50% silica
by weight. The solid oxides contemplated herein can have any suitable surface area, pore volume, and particle size, as
would be recognized by those of skill in the art.
[0077] The electron-withdrawing component used to treat the solid oxide can be any component that increases the
Lewis or Bronsted acidity of the solid oxide upon treatment (as compared to the solid oxide that is not treated with at
least one electron-withdrawing anion). According to one embodiment, the electron-withdrawing component can be an
electron-withdrawing anion derived from a salt, an acid, or other compound, such as a volatile organic compound, that
serves as a source or precursor for that anion. Examples of electron-withdrawing anions can include, but are not limited
to, sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluor-
oacetate, triflate, fluorozirconate, fluorotitanate, phospho-tungstate, tungstate, molybdate, and the like, including mixtures
and combinations thereof. In addition, other ionic or non-ionic compounds that serve as sources for these electron-
withdrawing anions also can be employed. It is contemplated that the electron-withdrawing anion can be, or can comprise,
fluoride, chloride, bromide, phosphate, triflate, bisulfate, or sulfate, and the like, or any combination thereof, in some
embodiments provided herein. In other embodiments, the electron-withdrawing anion can comprise sulfate, bisulfate,
fluoride, chloride, bromide, iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate, fluor-
ozirconate, fluorotitanate, and the like, or combinations thereof. Yet, in other embodiments, the electron-withdrawing
anion can comprise fluoride and/or sulfate.
[0078] The activator-support generally can contain from about 1 wt. % to about 25 wt. % of the electron-withdrawing
anion, based on the weight of the activator-support. In particular embodiments provided herein, the activator-support
can contain from about 1 wt. % to about 20 wt. %, from about 2 wt. % to about 20 wt. %, from about 3 wt. % to about
20 wt. %, from about 2 wt. % to about 15 wt. %, from about 3 wt. % to about 15 wt. %, from about 3 wt. % to about 12
wt. %, or from about 4 wt. % to about 10 wt. %, of the electron-withdrawing anion, based on the total weight of the
activator-support.
[0079] In an embodiment, the activator-support can comprise fluorided alumina, chlorided alumina, bromided alumina,
sulfated alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina, flu-
orided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-titania,
fluorided silica-coated alumina, fluorided-chlorided silica-coated alumina, sulfated silica-coated alumina, phosphated
silica-coated alumina, and the like, as well as any mixture or combination thereof. In another embodiment, the activator-
support employed in the catalyst systems described herein can be, or can comprise, a fluorided solid oxide and/or a
sulfated solid oxide, non-limiting examples of which can include fluorided alumina, sulfated alumina, fluorided silica-
alumina, sulfated silica-alumina, fluorided silica-zirconia, fluorided silica-coated alumina, sulfated silica-coated alumina,
and the like, as well as combinations thereof. In yet another embodiment, the activator-support can comprise fluorided
alumina; alternatively, chlorided alumina; alternatively, sulfated alumina; alternatively, fluorided silica-alumina; alterna-
tively, sulfated silica-alumina; alternatively, fluorided silica-zirconia; alternatively, chlorided silica-zirconia; alternatively,
sulfated silica-coated alumina; alternatively, fluorided-chlorided silica-coated alumina; or alternatively, fluorided silica-
coated alumina. In some embodiments, the activator-support can comprise a fluorided solid oxide, while in other em-
bodiments, the activator-support can comprise a sulfated solid oxide.
[0080] Various processes can be used to form activator-supports useful in the present invention. Methods of contacting
the solid oxide with the electron-withdrawing component, suitable electron withdrawing components and addition
amounts, impregnation with metals or metal ions (e.g., zinc, nickel, vanadium, titanium, silver, copper, gallium, tin,
tungsten, molybdenum, zirconium, and the like, or combinations thereof), and various calcining procedures and conditions
are disclosed in, for example, U.S. Patent Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6,316,553, 6,355,594,
6,376,415, 6,388,017, 6,391,816, 6,395,666, 6,524,987, 6,548,441, 6,548,442, 6,576,583, 6,613,712, 6,632,894,
6,667,274, 6,750,302, 7,294,599, 7,601,665, 7,884,163, and 8,309,485, which are incorporated herein by reference in
their entirety. Other suitable processes and procedures for preparing activator-supports (e.g., fluorided solid oxides,
sulfated solid oxides, or phosphated solid oxides) are well known to those of skill in the art.

OLEFIN MONOMERS AND POLYMERS

[0081] Olefin monomers contemplated herein typically include olefin compounds having from 2 to 30 carbon atoms
per molecule and having at least one olefinic double bond. Homopolymerization processes using a single olefin, such
as ethylene, propylene, butene, hexene, octene, and the like, are encompassed, as well as copolymerization and ter-
polymerization reactions using an olefin monomer with at least one different olefinic compound. As previously disclosed,
polymerization processes are meant to encompass oligomerization processes as well.
[0082] As an example, any resultant ethylene copolymers and terpolymers generally can contain a major amount of
ethylene (>50 mole percent) and a minor amount of comonomer (<50 mole percent). Comonomers that can be copol-
ymerized with ethylene often have from 3 to 20 carbon atoms in their molecular chain.
[0083] Acyclic, cyclic, polycyclic, terminal (α), internal, linear, branched, substituted, unsubstituted, functionalized, and
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non-functionalized olefins can be employed. For example, typical unsaturated compounds that can be polymerized to
produce olefin polymers can include, but are not limited to, ethylene, propylene, 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-
1-hexene, 1-heptene, 2-heptene, 3-heptene, the four normal octenes (e.g., 1-octene), the four normal nonenes, the five
normal decenes, and the like, or mixtures of two or more of these compounds. Cyclic and bicyclic olefins, including but
not limited to, cyclopentene, cyclohexene, norbornylene, norbornadiene, and the like, also can be polymerized as de-
scribed herein. Styrene also can be employed as a monomer or as a comonomer. In an embodiment, the olefin monomer
can comprise a C2-C24 olefin; alternatively, a C2-C12 olefin; alternatively, a C6-C24 olefin; alternatively, a C2-C10 α-olefin;
alternatively, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene, or styrene; alternatively, eth-
ylene, propylene, 1-butene, 1-hexene, or 1-octene; alternatively, ethylene or propylene; alternatively, ethylene; or alter-
natively, propylene.
[0084] When a copolymer (or alternatively, a terpolymer) is desired, the olefin monomer can comprise, for example,
ethylene or propylene, which is copolymerized with at least one comonomer. According to one embodiment, the olefin
monomer in the polymerization process can comprise ethylene. In this embodiment, examples of suitable olefin comon-
omers can include, but are not limited to, propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-
pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-
heptene, 1-octene, 1-decene, styrene, and the like, or combinations thereof. According to another embodiment, the
olefin monomer can comprise ethylene and the olefin comonomer can comprise an α-olefin, while in yet another em-
bodiment, the comonomer can comprise propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, styrene, or
any combination thereof; or alternatively, the olefin comonomer can comprise 1-butene, 1-hexene, 1-octene, or a com-
bination thereof.
[0085] Generally, the amount of comonomer introduced into a polymerization reactor to produce the copolymer can
be from about 0.01 weight percent to about 50 weight percent of the comonomer based on the total weight of the monomer
and comonomer. According to another embodiment, the amount of comonomer introduced into a polymerization reactor
can be from about 0.01 weight percent to about 40 weight percent comonomer based on the total weight of the monomer
and comonomer. In still another embodiment, the amount of comonomer introduced into a polymerization reactor can
be from about 0.1 weight percent to about 35 weight percent comonomer based on the total weight of the monomer and
comonomer. Yet, in another embodiment, the amount of comonomer introduced into a polymerization reactor can be
from about 0.5 weight percent to about 20 weight percent comonomer based on the total weight of the monomer and
comonomer.
[0086] While not intending to be bound by this theory, where branched, substituted, or functionalized olefins are used
as reactants, it is believed that a steric hindrance can impede and/or slow the polymerization reaction. Thus, branched
and/or cyclic portion(s) of the olefin removed somewhat from the carbon-carbon double bond would not be expected to
hinder the reaction in the way that the same olefin substituents situated more proximate to the carbon-carbon double
bond might.
[0087] According to one embodiment, at least one monomer/reactant can be ethylene, so the polymerization reaction
can be a homopolymerization involving only ethylene, or a copolymerization with a different acyclic, cyclic, terminal,
internal, linear, branched, substituted, or unsubstituted olefin. In addition, the methods disclosed herein intend for olefin
to also encompass diolefin compounds that include, but are not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, 1,5-
hexadiene, and the like.
[0088] Olefin polymers encompassed herein can include any polymer (or oligomer) produced from any olefin monomer
(and optional comonomer(s)) described herein. For example, the olefin polymer can comprise an ethylene homopolymer,
a propylene homopolymer, an ethylene copolymer (e.g., ethylene/1-butene, ethylene/1-hexene, or ethylene/1-octene),
a propylene random copolymer, a propylene block copolymer, and the like, including combinations thereof. Moreover,
the olefin polymer (or oligomer) can comprise, in certain embodiments, an olefin dimer, olefin trimer, or olefin tetramer,
and including mixtures or combinations thereof. Thus, olefin polymer encompasses oligomerization products of C6-C24
olefins (or C6-C24 α-olefins, or 1-hexene, or 1-octene, or 1-decene, or 1-dodecene, or 1-tetradecene, or 1-hexadecene).

EXAMPLES

[0089] The invention is further illustrated by the following examples, which are not to be construed in any way as
imposing limitations to the scope of this invention.
[0090] These examples are provided to demonstrate the control and implementation of a liquid-solid sampling system,
as part of a polymerization reactor system, in reference to FIGS. 1-2. A first valve protocol is for when no sample is
being sent to the analytical instrument for analysis. In this first protocol, the inlet valve 101 and the outlet valve 102 are
opened (allowing continuous flow of the liquid-solid mixture from the reactor vessel, through the settling tube, and back
to the reactor vessel), and the sample sweep valve 104 and the second carrier gas valve 108 are opened, while the
other valves are closed.
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[0091] A second valve protocol is for liquid-solid settling in the settling tube. In this second protocol, the inlet valve
101 and the outlet valve 102 are closed, as is the sample valve 103, for a period of time sufficient for the solids to move
to the bottom of the settling tube (due to their higher density), resulting in liquid at the top of the settling tube.
[0092] A third valve protocol is for the extraction of the liquid sample from the top of the settling tube. In this third
protocol, the inlet valve 101 and the outlet valve 102 remain closed, but the sample valve 103 is opened. However, the
sample sweep valve 104 and the first carrier gas valve 107 are closed.
[0093] A fourth valve protocol is for transferring the sample to the analytical instrument for analysis. In this fourth
protocol, the inlet valve 101 and the outlet valve 102 are opened, again permitting continuous flow of the liquid-solid
mixture from the reactor vessel, through the settling tube, and back to the reactor vessel. The sample valve 103 is closed,
and the sample sweep valve 104 and the first carrier gas valve 107 are opened, transferring the extracted sample to
the analytical instrument.
[0094] A fifth valve protocol is a return to the condition where no sample is being sent to the analytical instrument for
analysis. In this fifth protocol, the inlet valve 101, the outlet valve 102, the sample sweep valve 104, and the second
carrier gas valve 108 are opened, while the other valves are closed. Table I provides a summary of these valve protocols
in an order or sequence typically utilized in a polymerization reactor system containing a liquid-solid sampling system.

Claims

1. A process for operating a polymerization reactor system, the process comprising:

(I) contacting a transition metal-based catalyst system with an olefin monomer and an optional olefin comonomer
in a loop slurry reactor within the polymerization reactor system under polymerization reaction conditions to
produce an olefin polymer, the loop slurry reactor containing a liquid-solid mixture;
(II) measuring a property of the liquid in the loop slurry reactor via a method comprising the steps of:

(i) withdrawing a sample of the liquid-solid mixture from the loop slurry reactor;
(ii) flowing the sample of the liquid-solid mixture through a vertical settling tube;
(iii) periodically stopping the flow of the sample of the liquid-solid mixture in the tube for a time period
sufficient for the solid to settle to a bottom portion of the tube and for the liquid to occupy an upper portion
of the tube;
(iv) removing a small fraction of the liquid in the upper portion of the tube and transferring the small fraction
of the liquid to an analytical instrument for measuring the property of the liquid;
(v) restoring flow through the tube; and
(vi) returning an unused fraction of the sample of the liquid-solid mixture to the loop slurry reactor; and

(III) when the property of the liquid in the loop slurry reactor has reached a predetermined level, adjusting a
polymerization reaction condition.

2. The process of claim 1, wherein the liquid-solid mixture is a slurry of solids in a liquid diluent, or wherein:

the time period is from about 1 sec to about 1 min; and
a density difference between the solid and the liquid is at least 0.2 g/cc.

3. The process of claim 1, wherein:

Table I

Valve Number 101 102 103 104 105 106 107 108

No sample for analysis Open Open Close Open Close Close Close Open

Liquid-solid settling Close Close Close Open Open Open Close Open

Liquid sample extracted Close Close Open Close Open Open Close Open

Sample sweep for analysis Open Open Close Open Close Close Open Close

No sample for analysis Open Open Close Open Close Close Close Open
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the small fraction of the liquid contains less than 5 wt. % solids; and
the amount of the small fraction of the liquid removed is less than 5 wt. %, based on the total amount of the
liquid-solid mixture in the settling tube.

4. The process of claim 1, wherein:

the transition metal-based catalyst system is a chromium-based catalyst system, a Ziegler-Natta based catalyst
system, a metallocene-based catalyst system, or a combination thereof; and
the olefin monomer comprises a C2-C24 olefin.

5. The process of claim 1, wherein the transition metal-based catalyst system is contacted with ethylene and an olefin
comonomer comprising 1-butene, 1-hexene, 1-octene, or a mixture thereof, or wherein the polymerization reaction
conditions comprise a polymerization reaction temperature in a range from about 60 °C to about 115 °C, and a
reaction pressure in a range from about 1.38 MPa to about 6.89 MPa.

6. The process of claim 1, wherein:

step (ii) is performed continuously for at least 1 min before step (iii) is conducted; and
step (iii) is conducted at a pressure equivalent to that of the loop slurry reactor.

7. The process of claim 1, wherein:

in step (i), the sample is withdrawn from a discharge side of a reactor circulation pump; and
in step (vi), the unused fraction is returned to a suction side of a reactor circulation pump.

8. The process of claim 1, wherein the process does not include a centrifuging step, a flashing step, or a sieving step.

9. A polymerization reactor system comprising:

(A) a loop slurry reactor configured to contact a transition metal-based catalyst system with an olefin monomer
and an optional olefin comonomer under polymerization reaction conditions to produce an olefin polymer; and
(B) a liquid-solid sampling system comprising:

(a) an inlet valve and an inlet pipe for withdrawing a liquid-solid mixture from the loop slurry reactor;
(b) a vertical settling tube downstream of the inlet pipe, the tube configured to segregate the solid to a
bottom portion of the tube and for the liquid to occupy an upper portion of the tube;
(c) an outlet valve and an outlet pipe for returning an unused fraction of the liquid-solid mixture to the loop
slurry reactor, the outlet pipe downstream of the tube;
(d) a sample valve and a sample pipe, the sample valve positioned at the upper portion of the tube and
configured to withdraw a small fraction of the liquid in the upper portion of the tube;
(e) an analytical instrument downstream of the sample pipe, the analytical instrument configured to measure
a property of the liquid; and
(f) a controller (f1) configured to open the inlet valve and the outlet valve to permit flow of the liquid-solid
mixture from the loop slurry reactor, through the inlet pipe and the tube, and returning to the loop slurry
reactor through the outlet pipe; and (f2) configured to periodically stop flow of the liquid-solid mixture by
closing the inlet valve and the outlet valve for a time period sufficient for the solid to settle to the bottom
portion of the tube and for the liquid to occupy the upper portion of the tube, and subsequently opening the
sample valve to withdraw the small fraction of the liquid.

10. The system of claim 9, wherein the reactor system comprises a single loop slurry reactor, or wherein the reactor
system comprises two or more reactors, at least one of which is the loop slurry reactor.

11. The system of claim 9, wherein the analytical instrument is a gas chromatograph, a liquid chromatograph, a spec-
trometer, or a combination thereof, optionally further comprising a filter assembly before the analytical instrument.

12. The system of claim 9, further comprising a carrier gas inlet that enters the sample pipe after the sample valve and
before the analytical instrument, or wherein the settling tube is configured to operate at a pressure equivalent to
that of the loop slurry reactor.
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13. The system of claim 9, wherein:

the time period is from about 15 sec to about 2 min;
a density difference between the solid and the liquid is in a range from about 0.2 g/cc to about 1 g/cc;
the small fraction of the liquid is less than 5 mL;
the small fraction contains less than 1 wt. % solids; and
the amount of the small fraction is less than 2 wt. %, based on the total amount of the liquid-solid mixture in the
settling tube.

14. The system of claim 9, wherein the system does not contain a centrifuge, a flash drum, or a sieve.

15. A method for measuring a property of a liquid in a vessel containing a liquid-solid mixture, the method comprising:

(i) withdrawing a sample of the liquid-solid mixture from the vessel;
(ii) flowing the sample of the liquid-solid mixture through a vertical settling tube;
(iii) periodically stopping the flow of the sample of the liquid-solid mixture in the tube for a time period sufficient
for the solid to settle to a bottom portion of the tube and for the liquid to occupy an upper portion of the tube;
(iv) removing a small fraction of the liquid in the upper portion of the tube and transferring the small fraction of
the liquid to an analytical instrument for measuring the property of the liquid;
(v) restoring flow through the tube; and
(vi) returning an unused fraction of the sample of the liquid-solid mixture to the vessel.

Patentansprüche

1. Vorgang zum Betreiben eines Polymerisationsreaktorsystems, wobei der Vorgang Folgendes umfasst:

(I) Inberührungbringen eines Katalysatorsystems auf Übergangsmetallbasis mit einem Olefinmonomer und
einem optionalen Olefincomonomer in einem Schlaufensuspensionsreaktor innerhalb des Polymerisationsre-
aktorsystems unter Polymerisationsreaktionsbedingungen, um ein Olefinpolymer herzustellen, wobei der
Schlaufensuspensionsreaktor ein Flüssig-Fest-Gemisch enthält;
(II) Messen einer Eigenschaft der Flüssigkeit in dem Schlaufensuspensionsreaktor über ein Verfahren, umfas-
send die folgenden Schritte:

(i) Entnehmen einer Probe des Flüssig-Fest-Gemisches aus dem Schlaufensuspensionsreaktor;
(ii) Fließenlassen der Probe des Flüssig-Fest-Gemisches durch ein vertikales Sedimentationsröhrchen;
(iii) periodisches Stoppen des Flusses der Probe des Flüssig-Fest-Gemisches in dem Röhrchen für einen
Zeitraum, der ausreichend ist, damit sich der Feststoff an einem unteren Abschnitt des Röhrchens sedi-
mentiert und damit die Flüssigkeit einen oberen Abschnitt des Röhrchens besetzt;
(iv) Entfernen einer kleinen Fraktion der Flüssigkeit in dem oberen Abschnitt des Röhrchens und Übertragen
der kleinen Fraktion der Flüssigkeit auf ein analytisches Instrument zum Messen der Eigenschaft der Flüs-
sigkeit;
(v) Wiederherstellen des Flusses durch das Röhrchen; und
(vi) Zurückführen einer nicht verwendeten Fraktion der Probe des Flüssig-Fest-Gemisches in den Schlau-
fensuspensionsreaktor; und

(III) wenn die Eigenschaft der Flüssigkeit in dem Schlaufensuspensionsreaktor ein vorgegebenes Niveau erreicht
hat, Einstellen einer Polymerisationsreaktionsbedingung.

2. Vorgang nach Anspruch 1, wobei das Flüssig-Fest-Gemisch eine Suspension von Feststoffen in einem flüssigen
Verdünnungsmittel ist oder wobei:

der Zeitraum von etwa 1 s bis etwa 1 min beträgt; und
ein Dichteunterschied zwischen dem Feststoff und der Flüssigkeit wenigstens 0,2 g/cm3 beträgt.

3. Vorgang nach Anspruch 1, wobei:

die kleine Fraktion der Flüssigkeit weniger als 5 Gew.-% Feststoffe enthält; und
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die Menge der kleinen Fraktion der entfernten Flüssigkeit weniger als 5 Gew.-% beträgt, basierend auf der
Gesamtmenge des Flüssig-Fest-Gemisches in dem Sedimentationsröhrchen.

4. Vorgang nach Anspruch 1, wobei:

das Katalysatorsystem auf Übergangsmetallbasis ein Katalysatorsystem auf Chrombasis, ein Katalysatorsys-
tem auf Ziegler-Natta-Basis, ein Katalysatorsystem auf Metallocenbasis oder eine Kombination davon ist; und
das Olefinmonomer ein C2-C24-Olefin umfasst.

5. Vorgang nach Anspruch 1, wobei das Katalysatorsystem auf Übergangsmetallbasis mit Ethylen und einem Olefin-
comonomer, umfassend 1-Buten, 1-Hexen, 1-Octen oder ein Gemisch davon, in Berührung gebracht wird, oder
wobei die Polymerisationsreaktionsbedingungen eine Polymerisationsreaktionstemperatur in einem Bereich von
etwa 60 °C bis etwa 115 °C und einen Reaktionsdruck in einem Bereich von etwa 1,38 MPa bis etwa 6,89 MPa
umfassen.

6. Vorgang nach Anspruch 1, wobei:

Schritt (ii) für wenigstens 1 min fortlaufend ausgeführt wird, bevor Schritt (iii) durchgeführt wird; und
Schritt (iii) bei einem Druck durchgeführt wird, der dem des Schlaufensuspensionsreaktors entspricht.

7. Vorgang nach Anspruch 1, wobei:

in Schritt (i) die Probe von einer Druckseite einer Reaktorumwälzpumpe entnommen wird; und
in Schritt (vi) die nicht verwendete Fraktion zu einer Saugseite einer Reaktorumwälzpumpe zurückgeführt wird.

8. Vorgang nach Anspruch 1, wobei der Vorgang keinen Zentrifugationsschritt, keinen Entspannungsschritt oder keinen
Siebschritt einschließt.

9. Polymerisationsreaktorsystem, Folgendes umfassend:

(A) einen Schlaufensuspensionsreaktor, der konfiguriert ist, um ein Katalysatorsystem auf Übergangsmetall-
basis mit einem Olefinmonomer und einem optionalen Olefincomonomer unter Polymerisationsreaktionsbedin-
gungen in Berührung zu bringen, um ein Olefinpolymer herzustellen; und
(B) ein Flüssig-Fest-Probenahmesystem, Folgendes umfassend:

(a) ein Einlassventil und ein Einlassrohr zum Entnehmen eines Flüssig-Fest-Gemisches aus dem Schlau-
fensuspensionsreaktor;
(b) ein vertikales Sedimentationsröhrchen, das stromabwärts des Einlassrohrs liegt, wobei das Röhrchen
konfiguriert ist, um den Feststoff zu einem unteren Abschnitt des Röhrchens zu segregieren und damit die
Flüssigkeit einen oberen Abschnitt des Röhrchens besetzt;
(c) ein Auslassventil und ein Auslassrohr zum Zurückführen einer nicht verwendeten Fraktion des Flüssig-
Fest-Gemisches in den Schlaufensuspensionsreaktor, wobei das Auslassrohr stromabwärts des Röhrchens
liegt;
(d) ein Probenaufgabeventil und ein Probenrohr, wobei das Probenaufgabeventil an dem oberen Abschnitt
des Röhrchens angeordnet und konfiguriert ist, um eine kleine Fraktion der Flüssigkeit in dem oberen
Abschnitt des Röhrchens zu entnehmen;
(e) ein analytisches Instrument, das stromabwärts des Probenrohrs liegt, wobei das analytische Instrument
konfiguriert ist, um eine Eigenschaft der Flüssigkeit zu messen; und
(f) eine Steuervorrichtung (f1), die konfiguriert ist, um das Einlassventil und das Auslassventil zu öffnen,
um den Fluss des Flüssig-Fest-Gemisches aus dem Schlaufensuspensionsreaktor durch das Einlassrohr
und das Röhrchen und das Zurückführen in den Schlaufensuspensionsreaktor durch das Auslassrohr zu
ermöglichen; und (f2) konfiguriert ist, um den Fluss des Flüssig-Fest-Gemisches periodisch zu stoppen,
durch ein Schließen des Einlassventils und des Auslassventils für einen Zeitraum, der ausreichend ist,
damit sich der Feststoff in dem unteren Abschnitt des Röhrchens sedimentiert und damit die Flüssigkeit
den oberen Abschnitt des Röhrchens besetzt und ein anschließendes Öffnen des Probenaufgabeventils,
um die kleine Fraktion der Flüssigkeit zu entnehmen.

10. System nach Anspruch 9, wobei das Reaktorsystem einen einzigen Schlaufensuspensionsreaktor umfasst oder



EP 3 300 503 B1

19

5

10

15

20

25

30

35

40

45

50

55

wobei das Reaktorsystem zwei oder mehr Reaktoren umfasst, von denen wenigstens einer der Schlaufensuspen-
sionsreaktor ist.

11. System nach Anspruch 9, wobei das analytische Instrument ein Gaschromatograf, ein Flüssigkeitschromatograf,
ein Spektrometer oder eine Kombination davon ist, optional ferner umfassend eine Filteranordnung vor dem ana-
lytischen Instrument.

12. System nach Anspruch 9, ferner umfassend einen Trägergaseinlass, der nach dem Probenaufgabeventil und vor
dem analytischen Instrument in das Probenrohr eintritt, oder wobei das Sedimentationsröhrchen konfiguriert ist, um
bei einem Druck betrieben zu werden, der dem des Schlaufensuspensionsreaktors entspricht.

13. System nach Anspruch 9, wobei:

der Zeitraum von etwa 15 s bis etwa 2 min beträgt;
ein Dichteunterschied zwischen dem Feststoff und der Flüssigkeit in einem Bereich von etwa 0,2 g/cm3 bis
etwa 1 g/cm3 liegt;
die kleine Fraktion der Flüssigkeit weniger als 5 ml beträgt;
die kleine Fraktion weniger als 1 Gew.-% Feststoffe enthält; und
die Menge der kleinen Fraktion weniger als 2 Gew.-% beträgt, basierend auf der Gesamtmenge des Flüssig-
Fest-Gemisches in dem Sedimentationsröhrchen.

14. System nach Anspruch 9, wobei das System keine Zentrifuge, keine Entspannungstrommel oder kein Sieb enthält.

15. Verfahren zum Messen einer Eigenschaft einer Flüssigkeit in einem Gefäß, das ein Flüssig-Fest-Gemisch enthält,
wobei das Verfahren Folgendes umfasst:

(i) Entnehmen einer Probe des Flüssig-Fest-Gemisches aus dem Gefäß;
(ii) Fließenlassen der Probe des Flüssig-Fest-Gemisches durch ein vertikales Sedimentationsröhrchen;
(iii) periodisches Stoppen des Flusses der Probe des Flüssig-Fest-Gemisches in dem Röhrchen für einen
Zeitraum, der ausreichend ist, damit sich der Feststoff an einem unteren Abschnitt des Röhrchens sedimentiert
und damit die Flüssigkeit einen oberen Abschnitt des Röhrchens besetzt;
(iv) Entfernen einer kleinen Fraktion der Flüssigkeit in dem oberen Abschnitt des Röhrchens und Übertragen
der kleinen Fraktion der Flüssigkeit auf ein analytisches Instrument zum Messen der Eigenschaft der Flüssigkeit;
(v) Wiederherstellen des Flusses durch das Röhrchen; und
(vi) Zurückführen einer nicht verwendeten Fraktion der Probe des Flüssig-Fest-Gemisches in das Gefäß.

Revendications

1. Procédé de fonctionnement d’un système de réacteur de polymérisation, le procédé comprenant :

(I) la mise en contact d’un système de catalyseur à base de métaux de transition avec un monomère d’oléfine
et un comonomère d’oléfine éventuel dans un réacteur en boucle à combustible en suspension au sein du
système de réacteur de polymérisation selon des conditions de réaction de polymérisation pour produire un
polymère d’oléfine, le réacteur en boucle à combustible en suspension contenant un mélange liquide-solide ;
(II) la mesure d’une propriété du liquide dans le réacteur en boucle à combustible en suspension par l’intermé-
diaire d’un procédé comprenant les étapes consistant à :

(i) retirer un échantillon du mélange liquide-solide du réacteur en boucle à combustible en suspension ;
(ii) écouler l’échantillon du mélange liquide-solide à travers un tube de sédimentation vertical ;
(iii) arrêter périodiquement l’écoulement de l’échantillon du mélange liquide-solide dans le tube pendant
une durée suffisante pour que le solide se sédimente sur une partie inférieure du tube et pour que le liquide
occupe une partie supérieure du tube ;
(iv) retirer une petite fraction du liquide dans la partie supérieure du tube et transférer la petite fraction du
liquide dans un instrument d’analyse destiné à mesurer la propriété du liquide ;
(v) restaurer l’écoulement à travers le tube ; et
(vi) renvoyer une fraction non utilisée de l’échantillon du mélange liquide-solide dans le réacteur en boucle
à combustible en suspension ; et
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(III) lorsque la propriété du liquide dans le réacteur en boucle à combustible en suspension a atteint un niveau
prédéterminé, ajuster une condition de réaction de polymérisation.

2. Procédé selon la revendication 1, dans lequel le mélange liquide-solide est une suspension de solides dans un
diluant liquide, ou dans lequel :

la durée est comprise entre environ 1 seconde et environ 1 minute ; et
une différence de densité entre le solide et le liquide est d’au moins 0,2 g/cm3.

3. Procédé selon la revendication 1, dans lequel :

la petite fraction du liquide contient moins de 5 % en poids de solides ; et
la quantité de la petite fraction du liquide retirée est inférieure à 5 % en poids, sur la base de la quantité totale
de mélange liquide-solide dans le tube de sédimentation.

4. Procédé selon la revendication 1, dans lequel :

le système de catalyseur à base de métaux de transition est un système de catalyseur à base de chrome, un
système de catalyseur selon le procédé de Ziegler Natta, un système de catalyseur à base de métallocène ou
une combinaison de ceux-ci ; et
le monomère d’oléfine comprend une oléfine en C2 à C24.

5. Procédé selon la revendication 1, dans lequel le système de catalyseur à base de métaux de transition est mis en
contact avec de l’éthylène et un comonomère d’oléfine comprenant du 1-butène, du 1-hexène, du 1-octène ou un
mélange de ceux-ci, ou dans lequel les conditions de réaction de polymérisation comprennent une température de
réaction de polymérisation dans une plage comprise entre environ 60 °C et environ 115 °C, et une pression de
réaction dans une plage comprise entre environ 1,38 MPa et environ 6,89 MPa.

6. Procédé selon la revendication 1, dans lequel :

l’étape (ii) est effectuée en continu pendant au moins 1 min avant la réalisation de l’étape (iii) ; et
l’étape (iii) est réalisée à une pression équivalente à celle du réacteur en boucle à combustible en suspension.

7. Procédé selon la revendication 1, dans lequel :

à l’étape (i), l’échantillon est retiré d’un côté de refoulement d’une pompe de circulation pour réacteur ; et
à l’étape (vi), la fraction non utilisée est renvoyée vers un côté aspiration d’une pompe de circulation pour réacteur.

8. Procédé selon la revendication 1, dans lequel le procédé ne comporte pas d’étape de centrifugation, d’étape de
vaporisation par détente ou d’étape de tamisage.

9. Système de réacteur de polymérisation comprenant :

(A) un réacteur en boucle à combustible en suspension conçu pour mettre en contact un système de catalyseur
à base de métaux de transition avec un monomère d’oléfine et un comonomère d’oléfine éventuel selon des
conditions de réaction de polymérisation pour produire un polymère d’oléfine ; et
(B) un système d’échantillonnage liquide-solide comprenant :

(a) une soupape d’aspiration et un tuyau d’aspiration pour retirer un mélange liquide-solide du réacteur en
boucle à combustible en suspension ;
(b) un tube de sédimentation vertical en aval du tuyau d’aspiration, le tube étant conçu pour séparer le
solide vers une partie inférieure du tube et pour faire en sorte que le liquide occupe une partie supérieure
du tube ;
(c) une soupape de sortie et un tuyau de sortie pour renvoyer une fraction non utilisée du mélange liquide-
solide dans le réacteur en boucle à combustible en suspension, le tuyau de sortie étant en aval du tube ;
(d) une vanne d’échantillonnage et un tuyau d’échantillonnage, la vanne d’échantillonnage étant positionnée
dans la partie supérieure du tube et étant conçue pour retirer une petite fraction du liquide dans la partie
supérieure du tube ;
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(e) un instrument analytique en aval du tuyau d’échantillonnage, l’instrument analytique étant conçu pour
mesurer une propriété du liquide ; et
(f) un servo-régulateur (f1) conçu pour ouvrir la soupape d’aspiration et la soupape de sortie afin de permettre
l’écoulement du mélange liquide-solide du réacteur en boucle à combustible en suspension, à travers le
tuyau d’aspiration et le tube, et son renvoi au réacteur en boucle à combustible en suspension à travers le
tuyau de sortie ; et (f2) conçu pour arrêter périodiquement l’écoulement du mélange liquide-solide en fermant
la soupape d’aspiration et la soupape de sortie pendant une durée suffisante pour que le solide se sédimente
dans la partie inférieure du tube et pour que le liquide occupe la partie supérieure du tube, et en ouvrant
par la suite la vanne d’échantillonnage pour retirer la petite fraction du liquide.

10. Système selon la revendication 9, dans lequel le système de réacteur comprend un seul réacteur en boucle à
combustible en suspension, ou dans lequel le système de réacteur comprend deux réacteurs ou plus, dont au moins
l’un est le réacteur en boucle à combustible en suspension.

11. Système selon la revendication 9, dans lequel l’instrument analytique est un chromatographe en phase gazeuse,
un chromatographe en phase liquide, un spectromètre ou une combinaison de ceux-ci, comprenant éventuellement
en outre un ensemble filtre devant l’instrument analytique.

12. Système selon la revendication 9, comprenant en outre un orifice d’admission de gaz vecteur qui pénètre dans le
tuyau d’échantillonnage après la vanne d’échantillonnage et avant l’instrument d’analyse, ou dans lequel le tube
de sédimentation est conçu pour fonctionner à une pression équivalente à celle du réacteur en boucle à combustible
en suspension.

13. Système selon la revendication 9, dans lequel :

la durée est comprise entre environ 15 secondes et environ 2 minutes ;
une différence de densité entre le solide et le liquide est comprise dans une plage entre environ 0,2 g/cm3 et
environ 1 g/cm3 ;
la petite fraction du liquide est inférieure à 5 ml ;
la petite fraction contient moins de 1 % en poids de solides ; et
la quantité de la petite fraction est inférieure à 2 % en poids, sur la base de la quantité totale de mélange liquide-
solide dans le tube de sédimentation.

14. Système selon la revendication 9, dans lequel le système ne contient pas de centrifugeuse, de ballon de détente
ou de tamis.

15. Procédé de mesure d’une propriété d’un liquide dans un récipient contenant un mélange liquide-solide, le procédé
comprenant :

(i) le retrait d’un échantillon du mélange liquide-solide du récipient ;
(ii) l’écoulement de l’échantillon du mélange liquide-solide à travers un tube de sédimentation vertical ;
(iii) l’arrêt périodique de l’écoulement de l’échantillon du mélange liquide-solide dans le tube pendant une durée
suffisante pour que le solide se sédimente sur une partie inférieure du tube et pour que le liquide occupe une
partie supérieure du tube ;
(iv) le retirait d’une petite fraction du liquide dans la partie supérieure du tube et le transfert de la petite fraction
du liquide dans un instrument d’analyse destiné à mesurer la propriété du liquide ;
(v) la restauration de l’écoulement à travers le tube ; et
(vi) le renvoi d’une fraction non utilisée de l’échantillon du mélange liquide-solide dans le récipient.
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