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(54) Title: METHOD FOR CONTROLLING BUBBLE FORMATION IN POLYMERIZATION REACTORS

(57) Abstract: Disclosed herein are methods for controlling bubble for
mation in a polymerization reactor. The method includes: (a) determining
a concentration of at least one component at a location in the reactor using
a mathematical model; (b) determining a vapor pressure of the composi
tion based at least in part upon the concentration of the component; (c)
determining an operating pressure of the reactor at the location; (d) deter
mining a pressure difference as ∆Ρ = P - P , wherein P is the operating
pressure and P is the vapor pressure; (e) comparing the ∆Ρ to a threshold
value; and (f) implementing an effect when the ∆Ρ is less than the thresh
old value.
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METHOD FOR CONTROLLING BUBBLE FORMATION IN POLYMERIZATION

REACTORS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of International Application No.

PCT/US2010/41349 entitled "System and Method for Monitoring Bubble Formation within a

Reactor," which was filed on July 8, 2010.

FIELD

[0002] This invention relates to a method for preparing polyolefins from olefin monomers

in polymerization reactors under conditions that maintain a sufficiently low vapor pressure to

reduce or avoid bubble formation.

BACKGROUND

[0003] Polypropylene homopolymers and copolymers are produced in a variety of reactors,

such as loop polymerization reactors (e.g., slurry loop reactors).

[0004] Within the reactor, it is often desirable to increase the temperature to improve

catalyst efficiency and/or increase product crystallinity and/or increase the energy efficiency to

flash liquid components from the solid product. It may also be desirable to increase the

hydrogen concentration of the reactor composition to reduce product molecular weight.

However, these adjustments can also increase the vapor pressure of the composition, which

may cause gas bubbles to form if the vapor pressure is sufficiently close to, or exceeds, the

operating pressure. The bubbles can cause operational difficulties, such as errors in density

measurements and loss of slurry circulation.

[0005] That said, the vapor pressure of the slurry is difficult to estimate because of

conditions with the reactor (e.g., concentrations of components) are difficult to calculate.

Specifically, it is difficult to achieve mass balance of the hydrogen and "unknown"

components of the liquid vapor pressure due to unmetered losses of hydrogen and other

components and low accuracy of hydrogen reaction rate estimates. Moreover, the nature of the

reaction slurry (solid reactive polymer particles dispersed in the reaction liquid) makes it

extremely difficult to reliably sample and measure component concentrations directly.

[0006] When a bubbling condition limit is reached or even approached, measures can be

taken to restore or retain the slurry in its non-bubbling condition. One approach is to reduce

the slurry temperature by increasing the cooling. Such cooling can be controlled by reducing

the temperature of a cooling liquid that surrounds the reactor, e.g., an external cooling jacket



surrounding a leg of the reactor loop. U.S. 7,678,341, incorporated herein by reference for this

purpose.

[0007] WO/2001/082008 discloses a method for monitoring signals associated with

downstream process equipment, e.g., electrical current, voltage or frequency signal, hydraulic

pressure signals, or pneumatic pressure signals, to detect transients present in the signal that

infer an associated change in product quality. An upstream process parameter can be adjusted

in response to the inferred change in quality of the product, e.g., polypropylene.

[0008] U.S. 6,301,546 teaches detecting and monitoring changes in the properties of a

fluidized bed of catalyst solids used to make synthesis gas which measures the magnitude of

differential pressure fluctuations taken at different levels of bed elevation. Fluctuations in the

pressure difference measured across a vertical section of the bed are related to the size of

vapor-solid "bubbles" in the fluidized solids and can be used to track changes in the bed.

[0009] U.S. 6,718,234 discloses a system for online inference and control of physical and

chemical properties of polypropylene and its copolymers. The system uses models for the

inference of physical and chemical properties that are not continuously measured and relevant

models to control these properties. Controlled variables include the power of the circulation

pump, the opening of the valve that controls the temperature of each loop reactor, and the

difference between the reactor temperature and the bubble point of the liquid within each loop

reactor.

[0010] To date, there are no reliable analytical methods to detect bubbling within the

reactor so that measures can be taken to limit or eliminate it. As such, to err on the side of

caution, polymerization reactors typically must operate at pressures well above the vapor

pressure of the slurry liquid circulating through the reactor.

[0011] However, the desire to reduce catalyst cost and increase crystallinity and melt flow

rates (MFRs) of the homopolymers and copolymers (e.g., impact copolymers) creates an

incentive to operate the reactors at higher reactor temperatures and increased hydrogen

concentrations. Moreover, the desire to increase plant capacity to reduce the capital and

operating cost per unit of production creates an incentive to raise the reactor operating

temperature. However, these adjustments tend to increase vapor pressure of the circulating

slurry in the reactor.

[0012] That said, it would be useful to provide a method for determining when a slurry

liquid circulating through a reactor has reached or surpassed a point at which bubble formation

occurs to provide improved product and reactor efficiency while avoiding excessive bubbling

or near-bubbling conditions.



SUMMARY

[0013] It has now been discovered that optimal conditions can be maintained for producing

polyolefins in a loop polymerization reactor by determining vapor pressure in the slurry loop

reactor system continuously on-line and comparing it to on-line calculations of the reactor

operating pressure at one or more locations within the reactor. A minimum robust operating

reactor pressure to vapor pressure differential can then be defined, and process controls used to

allow operation at the maximum possible reaction slurry vapor pressure, while minimizing the

likelihood of a disruption in the slurry circulation due to bubble formation.

[0014] As the vapor pressure of the reaction slurry in a reactor nears operating pressure,

differences in physical properties of the slurry arise at different locations within the reactor as a

result of the hydrostatic head (i.e., the pressure at a given point in a liquid measured in terms of

the vertical height of a column of the liquid needed to produce the same pressure) and dynamic

pressure gradient imposed by the slurry reactor pump. By determining slurry vapor pressure

based on individual components making up the slurry, determining operating pressure at least

one location in the reactor, and determining the operating pressure at least one other desired

location in the reactor, the onset of bubbling can be anticipated or detected at the desired

location when a threshold value for the difference between operating pressure and vapor

pressure is reached. Bubbling can then be controlled or avoided by altering conditions in the

reactor to maintain or restore a sufficient threshold between the operating pressure within the

reactor, especially at the desired location, and the reaction slurry vapor pressure. This allows

for operation of the reactor at or near optimal levels for a particularly desired product.

[0015] The present invention relates to a method controlling bubble formation in a

polymerization reactor, the reactor comprising a composition containing at least one

component, the method comprising:

(a) determining a concentration of the at least one component at a location in the

reactor using a mathematical model;

(b) determining a vapor pressure of the composition based at least in part upon the

concentration of the at least one component;

(c) determining an operating pressure of the reactor at the location;

(d) determining a pressure difference as ∆Ρ = P - Pv , wherein P is the operating

pressure and Pv is the vapor pressure;

(e) comparing the ∆Ρ to a threshold value, wherein the threshold value reflects the

desired difference between the vapor pressure and operating pressure, wherein a ∆Ρ



greater than the threshold value produces an acceptable amount of bubble

formation; and

(f) implementing an effect when the ∆Ρ is less than the threshold value.

[0016] The present invention further relates to a method for controlling bubble formation

in a polypropylene polymerization reactor, the reactor comprising a composition containing at

least one component, the method comprising:

(a) determining a concentration of at least one component in the reactor composition at

a location in the reactor using a mathematical model;

(b) determining a vapor pressure of the composition based at least in part upon the

concentration of the component;

(c) determining an operating pressure of the reactor at the location;

(d) determining a pressure difference as ∆ Ρ = P - Pv , where Ρχ = the operating

pressure and Py = the vapor pressure;

(e) implementing an effect when the ∆ Ρ is less than the threshold value, wherein the

effect comprises altering at least one process parameter; and

(f) implementing an effect when the ∆Ρ is less than the threshold value.

BRIEF DESCRIPTION OF THE DRAWING

[0017] FIG. 1 is a process flow diagram for a slurry loop polymerization reactor for

making polypropylene from propylene according to the method of the present invention;

[0018] FIG. 2 is a two-reactor system for making propylene/ethylene copolymers using the

bubble-monitoring method of the present invention.

DETAILED DESCRIPTION

[0019] As noted above, the present invention relates to a method for controlling bubble

formation in a polymerization reactor, the reactor comprising a composition containing at least

one component. The method comprises: (a) determining a concentration of the at least one

component at a location in the reactor using a mathematical model; (b) determining a vapor

pressure of the composition based at least in part upon the concentration of the at least one

component; (c) determining an operating pressure of the reactor at the location; (d)

determining a pressure difference as ∆Ρ = P - Pv , wherein P is the operating pressure and Py

is the vapor pressure; (e) comparing the ∆ Ρ to a threshold value, wherein the threshold value

reflects the desired difference between the vapor pressure and operating pressure, wherein a

value greater than the threshold value produces an acceptable amount of bubble formation; and

(f) implementing an effect when the ∆ Ρ is less than the threshold value.



[0020] Any type of reactor that is suitable to make polyolefins (e.g., polypropylene and

polyethylene in solution or slurry phase) may be used herein. Conveniently, the reactor is a

slurry loop polymerization reactor, such as a bulk polypropylene reactor.

[0021] A slurry loop polymerization reactor can generally be described as a loop-shaped

continuous tube. Most loop reactors have four, six, or eight straight pipes segments (e.g., legs).

An example of such a loop-slurry reactor is described in U.S. 5,565,175, which is incorporated

by reference for this purpose. Other examples of suitable loop reactors include those described

in US 2009/0023872 and 2007/0022768, which are incorporated herein by reference for this

purpose.

[0022] In one embodiment, the invention may be used in connection with a plurality of

reactors, in parallel and/or in series. One aspect of the present invention is directed to a series

polypropylene reactor comprising a first and an optional second loop reactor (or first or second

"loop") allowing flow of polypropylene, catalyst, hydrogen and propylene (and optionally a

diluent) therebetween, wherein each loop comprises from six to eight legs, each leg having

fluid connections there between. In one embodiment, comonomer may also be injected into

the first, second, or both loops. Comonomers include ethylene and C4 to C12 alpha-olefins, or

cyclic olefins. Preferable comonomers include ethylene, 1-butene, 1-pentene, 1-hexene, and 1-

octene.

[0023] The flow of materials may be assisted by one or more fluid circulating devices.

Desirably, the fluid circulating devices are designed to provide high velocity of motion and a

very intensive and well-defined mixing pattern of the reactor constituents. Suitable fluid

circulating devices include pumps (e.g., axial pumps), pressure differentials and other means as

are commonly known in the art. The flow of materials in certain embodiments can be achieved

though fluid connections such as piping, conduits and other means of allowing liquids and/or

suspensions (e.g., a slurry of liquid propylene and solid polymer material) as is commonly

known in the art to flow from one place to another without exposure to the atmosphere. In

various embodiments, the reactor may be totally or partially jacketed with cooling water in

order to remove heat generated by polymer polymerization.

[0024] The reactor may comprise a composition (e.g., a slurry) containing one or more

components. Components include olefin monomer (e.g., propylene or ethylene), catalyst,

hydrogen, polyolefin (e.g., polypropylene or polyethylene), contaminants, scavengers,

additives and diluents which may be circulated therein. Propane can also be present as a

component, e.g., as an impurity or vapor pressure decreasing component. In one embodiment,

the composition is an at least partially vaporizable liquid. It will be understood that the



components of the composition may be supplied to the reactor as reactants (e.g., olefin

monomer, catalyst and hydrogen), or may be generated during polymerization (e.g.,

polyolefin). The composition may comprise, for example, at least monomer, solid catalyst

particles, and solid polypropylene granules. In another embodiment, the composition

comprises at least one of ethylene, propane, propylene, hydrogen, and polypropylene. As used

herein, "polypropylene" includes both homopolymers of propylene and copolymers of

propylene and another monomer-derived unit where the propylene-derived units comprise at

least 50 wt % of the polymer. As used herein, "polyethylene" includes both homopolymers of

ethylene and copolymers of ethylene and another monomer-derived unit where the ethylene-

derived units comprise at least 50 wt % of the polymer.

[0025] The catalyst can be any suitable polymerization catalyst, such as a

titanium/magnesium chloride based Ziegler-Natta catalyst or a metallocene catalyst, such as a

metallocene catalyst comprising a Group 4 metal from the Periodic Table of Elements. In one

embodiment, the composition comprises at least one of ethylene, propane, propylene,

hydrogen, and polypropylene.

[0026] As discussed above, the methods of the present invention includes:

(a) determining a concentration of at least one component of the composition at a

location in the reactor using a mathematical model.

[0027] The component concentration may be determined using any known or hereinafter

devised method. In one embodiment, the concentration is estimated. However, in other

embodiments, the concentration is determined precisely.

[0028] For present purposes, a mathematical model is a model that uses mathematical

language to describe a system. Mathematical models are usually composed by variables,

which are abstractions of quantities of interest in the described systems, and operators that act

on these variables, which can be algebraic operators, functions, differential operators, etc. If

all the operators in a mathematical model exhibit linearity, the resulting mathematical model is

defined as linear. A model is considered to be nonlinear otherwise. Control of process

variables in petrochemical plants based on prior operating experience can be manually carried

out by periodically taking product samples to be tested, while maintenance and correction

actions concerning operating conditions are taken in order to obtain a product having desired

characteristics.

[0029] On the other hand, rigorous and empirical modeling techniques may be used to

build process models. These mathematical models are able to infer the value of certain process



variables which are measured periodically based on the values of other process variables which

are measured continuously.

[0030] Mathematical models can also be used to predict the future behavior of process

variables resulting from modifications of the plant operating conditions. Rigorous modeling

techniques are based in the natural laws which dictate the fundamental relationships among

process variables. Rigorous models are difficult to obtain and demand a high level of

knowledge about the process. Besides, the complexity of the equations that constitute the

rigorous model can make it inadequate for on line implementation due to the long time

necessary for its execution without efficient computer software for large-scale problems.

[0031] Techniques of empirical modeling do not require such a deep knowledge about the

process and result in simpler mathematical models that can be executed quickly, permitting

real time execution. Yet empirical models are typically not used in operating conditions

different from those used in its identification. Linear and nonlinear regression models and

artificial neural networks are examples of empirical modeling techniques commonly cited in

the open literature.

[0032] Inputs to a polymerization system can be manipulated variables or disturbance

variables. Manipulated variables are adjusted to maintain controlled variables at desired

values, or setpoints. Manipulated variables include coolant or heating medium flow rates, gas

or liquid flow rates for pressure control, monomer, solvent, or initiator feed rate, and agitator

speed. Disturbance variables are variables which are not controllable by an operator, although

their effects can be eliminated or countered by adjusting manipulated variables.

[0033] In one embodiment, the concentrations are determined from a mathematical model

based on fundamental and empirical correlations based on material and energy balances,

polymer molecular modeling, and consumption of reactants. Such equations can be solved

simultaneously with a large scale nonlinear solver to provide estimates of polymer properties,

reactor concentrations and other operating conditions.

[0034] In one embodiment, the mathematical model is non-linear. For example, a non

linear calculation (NLC) model based on first principles to manage a large heat/mass/reaction

balance on the system may be used to provide concentration data. In one embodiment, the

model based on material and energy composition equations to manage a large

heat/mass/reaction balance on the system. Energy and material are tracked as inputs to model

to simulate the process and provide online inferential estimates of reactor conditions. For

process variables that are predicted by the model and measured, select unmeasured parameters

are optimized to maintain consistency between the model and process. From this model,



accurate information about the slurry concentration is known which can be used to estimate the

slurry vapor pressure. This model is discussed in more detail in U.S. 5,682,309, which is

incorporated herein by reference for this purpose.

[0035] In one embodiment, the model can be used for vapor pressure and/or bubble point

temperature calculations wherein the concentrations from the reactor model provide a real-time

indication of unmeasured current process parameters that constitute the vapor pressure and

bubble point calculations. In other words, the model can provide an instantaneous indicator of

such properties during grade transitions, reactor start-up and reactor shutdown conditions, as

well as at steady control levels.

[0036] For example, the model may estimate the concentrations of the component(s) in the

reactor composition by material balance and individual species balances. This is accomplished

by determining the inlet flows and compositions, outlet flows and compositions, and

calculation of the consumption and generation of individual species within the reactors. In this

application, concentrations of propylene, propane, ethylene, hydrogen, catalyst, polymer are

calculated at various points of interest for the vapor pressure and bubble point monitoring. As

used herein, "points of interest" include locations where it is desirable to avoid bubble

formation. With momentary reference to Fig. 2, these include Reactor 202 and 204 at the top

of the reactors and at the recirculation pump inlets.

[0037] The model may further use the concentrations to determine vapor pressure and

bubble point temperature. For example, this calculation of the vapor pressure may be

accomplished by using standard vapor pressure correlations to relate liquid composition and

temperature to vapor pressure. In this case, the Antoine equation provided sufficient accuracy

over the region of interest for individual species saturation pressure. These individual species

saturation pressures were combined through Dalton's law of partial pressure where the vapor

pressure of a mixture is the summation of the contribution by the individual components of the

mixture. A common approach is to use Raoult's law is used to approximate the contribution of

vapor pressure for each component.

[0038] Calculation of the bubble point temperature may be accomplished by determining

the temperature at which the vapor pressure of the liquid mixture is equal to the pressure at

multiple locations within the reactor. This calculation is performed through an iterative

nonlinear programming solver to solve for the temperature at which bubbling is expected.

[0039] Moreover, the model can provide dynamic constraints for hydrogen addition to the

reactor, e.g., where reactor grade transitions involve changes in hydrogen feed rates. To attain

faster transitions, feed rate can be overcompensated during transition to get the reactor



concentrations to new levels. When increasing hydrogen flow to the reactor, a maximum level

of overshoot is governed by the solubility of hydrogen in the reactor effluent. This constraint

can limit the speed of the transition owing to bubble formation concerns. With dynamic

calculation of reaction slurry vapor pressure, the constraint limit can be dynamically adjusted

based on current operating conditions. One example of this is during grade transitions to a

lower molecular weight product. It is often desirable to speed up the transition by

overshooting the instantaneous prosperities of the product to achieve final product that is

within prescribed specifications. Hydrogen concentration may be raised to a higher value

during this transition than is typically maintained for steady control. During this period, the

speed of the transition may depend on the constraint imposed by the vapor pressure of the

reactor mixture. Running closer to this constraint may be desirable for reduced transition

losses.

[0040] Process measurements are incorporated as direct model inputs or through parameter

changes to align measured and model values. Concentrations of the non-solid components of

the circulating slurry, e.g., propylene, propane, and ethylene, are typically measured in mol%,

while hydrogen is typically measured in mol ppm. A thermodynamic package, such as

PRO/II™ process simulation software, a steady-state simulator enabling improved process

design and operational analysis, designed to perform rigorous mass and energy balance

calculations for a wide range of chemical processes with chemical component library (or a data

library supplemented by user experience), or an on-line model derived therefrom, may then be

used to calculate the slurry vapor pressure.

[0041] PRO/II™ is commercially available from Invensys Operations Management of

Piano, TX, USA. An off-line simulation package, such as PRO/II with its chemical component

library (e.g., Soave Redlich Kuong (SRK) equation of state or a data library supplemented by

user experience) for thermodynamics, can then be used to calculate the slurry vapor pressure

under steady-state conditions. The calculations of on-line reactor concentrations, bubble point,

and vapor pressure are performed with a nonlinear programming solver (such as APOpt™,

currently commercially available from AP Optimization Services, Inc.) as derived from the

PRO/II® off-line simulations. This solver receives measured inputs from the process to

constitute a virtual plant that runs in parallel to the actual process. Vapor pressures and bubble

point temperatures are then transmitted to the Distributed Control System (DCS) for operator

display, notification through alarm limits, and history collection. The bubble point calculations

may also be implemented in a control application to automatically regulate the approach to the

constraints during transitions.



[0042] In another embodiment of the method of the invention, the mathematical model

determines the concentration as a function of the material balances in the reactor and

associated reaction process systems.

[0043] In still another embodiment of the method of the invention, the material balances

and the components are implemented as equations in the mathematical model.

[0044] In yet another embodiment of the method of the invention, the vapor pressure is a

function of at least one of temperature and at least one component concentration of the

composition.

[0045] The location of vapor pressure estimation may be any location on the reactor. In

one embodiment, the location is the point of lowest operating pressure in the reactor, which is

typically at or near an uppermost location within the reactor. In another embodiment, the

location is determined at a point immediately upstream of the pump inlet.

[0046] As discussed above, the methods of the present invention further include (b)

determining a vapor pressure of the composition based at least in part upon the concentrations

of at least one of the components. Vapor pressure is generally calculated according to Raoult's

law as the sum of the partial pressures of the components of the composition:

i

where P t o tai is vapor pressure of the slurry, i is a component index, P is the vapor

pressure of the component, and X is the concentration of the component, expressed as a mole

fraction.

[0047] As part of the calculation of the vapor pressure of the slurry, the reactor temperature

(or input temperature) may be measured directly at suitable locations within the reactor, e.g., at

the reactor temperature control point which is located at the lower section of one of the loop

reactor legs.

[0048] In an embodiment, the vapor pressure is determined as a function of at least one of

temperature, inlet flow rates, density, and calculated chemical composition of the circulating

composition. The chemical composition can be determined as a function of reactor

temperatures, reactor inlet flows, overall material balances in the reactor, and estimated

consumption rates in the reactor of individual components. The consumption rates are

determined by sensors positioned at reactors inlets and recovery unit outlets. These analyzer

and flow rate measurements determine the composition and amount of material entering and

leaving the reactor unit. These measurements define an instantaneous material balance. Using



this information in a material balance model of the process, allows more accurate assessments

of hydrogen concentrations in the reactor slurry. Material balances and the calculated chemical

composition can be implemented as equations in a mathematical model of the reactor.

[0049] In one embodiment, determination of the slurry vapor pressure and its comparison

to the operating pressure throughout the reactor provide "maximum robust operating vapor

pressure" defined as VPmax = Pv,max = Ρχ - AP mn where Ρχ and AP mn are defined for a specific

plant based on operating experience. AP mn can be positive or negative, where no bubbling is

desired for values of AP mm >0 and limited degrees of bubbling are allowable for AP mn < 0. A

violation of this operating window Pv,max > Ρχ - APm n , or extreme change (dPv/dt > A, where

A is the maximum desired rate of vapor pressure increase or d(AP)/dt < B, where B is

maximum desired rate of ∆Ρ decrease) could result in implementation of one or more effects.

[0050] In any other embodiment, the P , max can be used to improve transitions by safely

allowing maximum hydrogen concentrations in the reactor during transitions from one grade to

another grade of reduced molecular weight. By maximizing hydrogen concentration within the

reaction slurry during transition, the instantaneous molecular weight of the polymer being

produced is lower than the target molecular weight of the transitioned-to product. Thus, the

average molecular weight of the product leaving the reactor can reach the targeted molecular

weight more rapidly, reducing transition time and total transition material that is produced.

[0051] As discussed above, the methods described herein further comprise: (c) determining

an operating pressure of the reactor at a location within the reactor. The operating pressure

may be determined at the same location as the concentration of the component is determined,

or a different location.

[0052] In various embodiments, the operating pressure may be determined through direct

measurement at one or more locations. In this regard, any pressure measurement device such

as a manometer, pressure transducer, sensor and the like may be used. Suitable pressure

measurement devices are commercially available from KellerAmerica, Inc., Newport News,

VA, USA. In other embodiments, the operating pressure may be determined through indirect

measurement of one or more properties that correlate to operating pressure, such as density.

[0053] Additionally or alternatively, the operating pressure can be determined at a desired

location by measuring the operating pressure directly at another location and then estimating

the operating pressure at the desired location.

[0054] In another embodiment, the operating pressure can be measured directly at one or

more locations and can then be estimated at other locations in the reactor to account for the



slurry flow and slurry head. For example, the operating pressure may be estimated at the

location based upon measurement of an operating pressure at a different location, alone or in

combination with, estimations of static and dynamic pressure losses throughout the reactor.

Estimations of static and dynamic pressure losses can be determined by determining height

differences between the points at which the pressure is measured and for which the pressure is

to be estimated, determining or estimating the change in pressure across the pump and

applying a linear dynamic pressure loss throughout the length of the reactor. For example,

with reference to Figure 1, the operating pressure may be measured at location 140 and

estimated at location 150, or vice versa.

[0055] As discussed above, the methods described herein further comprise: (d) determining

a pressure difference (∆ Ρ) between the vapor pressure and the operating pressure. Specifically,

∆ Ρ = P - Pv , where Ρχ = the operating pressure and P = the vapor pressure.

[0056] In accordance with various exemplary embodiments, the methods described herein

further comprise: (e) comparing the pressure difference (∆Ρ) to a threshold value.

[0057] The "threshold value" may be any value that reflects the desired difference between

the vapor pressure and operating pressure, wherein a value greater than (or optionally, equal to)

this difference produces an acceptable amount of bubble formation (i.e., bubbling). An

"acceptable amount of bubble formation" can be determined by the reactor operator.

[0058] In one embodiment, the threshold value reflects minimal or no formation of bubbles

occurring within the reactor. In one embodiment, threshold value is determined by prior

operating experience. Illustrative threshold values include about 140 kPa, (20 psi) at a location

where no bubble formation can be tolerated, or about 0 kPa, (0 psi) at a location where limited

bubble formation can be tolerated, or about -100 kPa (-15 psi) at a location near the top of

Loop reactors when bubble formation should be avoided at the pumps located near the bottom

of the reactor. However, it will be understood that any threshold value may be used.

[0059] In one embodiment, the threshold value is determined by prior operating

experience. Prior operating experience means abnormal events associated with too low of a

value for ∆Ρ , including reaction slurry pump power draw oscillations, unstable reactor

temperature or solids concentration control, unplanned shut down of reactors due to loss of

circulation.

[0060] In another embodiment, the threshold value is 0 and the location is the point of

lowest operating pressure in the reactor.

[0061] In another embodiment, the threshold value is set to limit the formation of vapor

bubbles. Thus 0 > ∆ Ρ > threshold value.



[0062] In still yet another embodiment of the method of the invention, the threshold value

is set at a value that substantially prevents the formation of vapor bubbles.

[0063] In one embodiment, the threshold value is obtained by rigorous thermodynamics

and suspected cases of supposed bubble formation in the loop reactors. Suspected cases of

bubble formation include periods of recirculation pump amp oscillations and densitometer

measurement noise. These are two of the conditions that signal a risk of bubble formation

when running close to the bubble point conditions. By reducing the amount of hydrogen or

thinning the slurry concentration, further evidence of bubble formation is obtained by the

nature and effect of a corrective action. Corrective action may include reduction of reactor

hydrogen concentration or thinning the slurry solids concentration.

[0064] In still yet another embodiment, the reactor comprises a pump (e.g., a slurry loop

pump). In one embodiment, the threshold value is 0, and the pressure is measured or estimated

at a point just upstream of the pump inlet. In various embodiments, the threshold value can be

set to achieve one or more of: (i) limit the amplitude of pump power oscillations; (ii) limit the

formation of vapor bubbles at the pump inlet; and/or (iii) limit or prevent cavitation in the

pump.

[0065] In various embodiments, the methods described herein further comprise: (f)

implementing an effect when the ∆ Ρ is less than or equal to a threshold value.

[0066] The effect may be any action that lowers the vapor pressure of the composition.

Effects include: alerting the process operator, an automated process control sequence/interlock,

and/or emergency shutdown. In one embodiment of the invention, the effect comprises

altering at least one process parameter. For present purposes, a "process parameter" means a

variable that is known in the art to affect liquid vapor pressure or reactor operating pressure,

including reactor temperature, component concentration, especially hydrogen concentration,

composition, and feed and discharge rates.

[0067] In various embodiments, the method of the invention can utilize a controller which

receives data as electrical signals, relating to: 1) the vapor pressure; and/or 2) the operating

pressure and calculates the difference between these pressures, and compares them with a

threshold value which has been previously determined. When the controller determines the

difference has exceeded the threshold value and the reactor is susceptible to excessive vapor

bubble formation within the circulating slurry, it can send a signal to implement one or more

effects in order to restore the reactor operation within the threshold value. Such implementing

signals can include notification of a human operator.



[0068] In one embodiment, the the hydrogen concentration is increased during transition

from producing a first polymer to producing a second polymer of lower molecular weight, to a

level sufficient to provide an instantaneous molecular weight polymer of lower molecular

weight than the second polymer, such that ∆Ρ does not drop below the threshold value. For

present purposes, "instantaneous" properties means the product properties that would result

after a long period of time, e.g., 10 hours, if all process conditions were held constant.

[0069] In yet another embodiment of the invention, the effect comprises restoring the value

of ∆Ρ to a desired range (e.g., above the threshold value) within a fixed period. For example,

the effect may reduce the reactor temperature by causing the temperature control system to

implement full cooling of the reactor. By "full cooling" is meant the reactor cooling or heat

removal system is increased to its full capacity. Another effect is providing a reaction

inhibitor, e.g., carbon monoxide, directly or indirectly into the loop reactors to slow or stop

polymerization. Additionally or alternatively, the effect is slowing polymerization by reducing

or stopping the addition of catalyst to the reactor.

[0070] Typically, the effect that restores the value of ∆ Ρ to a desired range within a fixed

period reduces the reactor temperature by signaling the temperature control system to

implement full or partial cooling of the reactor, e.g., by controlling heat exchangers

surrounding the reactor piping, or reducing or eliminating the flow of added heat to the reactor.

The effect is triggering a valve that releases a reaction inhibitor, e.g., carbon monoxide,

directly or indirectly into the loop reactors. Alternatively, the effect is controlling a valve that

reduces or stops the addition of catalyst to the reactor.

[0071] In one embodiment, statistical methods are applied to determine whether the

difference in said physical property measurements is significantly different from the reference

value. Conveniently, an effect is implemented when the difference in said physical property

measurements becomes significantly different from the reference value. An effect can be

continuously implemented to maintain statistical control of the difference in said physical

property measurements, and optionally, statistical control is maintained by at least one of open

loop feedback control, manual feedback control, automatic feedback control, and automatic

feed forward control.

[0072] In one embodiment, a first effect is implemented, and if the pressure difference

does not equal or exceed the threshold value within a set time, implementing one or more

additional effects. The set time may be any amount of time. For example, the set time may be

determined by the reactor operator. The first effect may be the same or different as the one or

more additional effects.



[0073] In yet another embodiment of the method of the invention, an effect is continuously

implemented to maintain control of the ∆Ρ at a desired setpoint, and control is maintained by

at least one of open loop feedback control, manual feedback control, automatic feedback

control, and automatic feed forward control. For present purposes, a "setpoint" can be

considered the target value of a controlled variable.

[0074] For present purposes, automatic feedback control relates to a control scenario

wherein a sensing device senses and automatically responds with an effect to changes in a

parameter that it controls, e.g., automatically adjusting the reaction slurry temperature

controller setpoint to maintain a statistically constant value of (c). Manual feedback control

relates to a control scenario wherein a human operator responds to a signal or message

provided by a sensing device and/or processor, e.g. manually reducing the reaction slurry

temperature controller setpoint. Automatic feed forward control relates to a control scenario

wherein the future state of a sensing device is predicted from the current state of other sensing

devices in the process and an automatic response is affected, e.g. a sudden increase in

hydrogen concentration in a first slurry loop reactor is predicted to lead to a corresponding

increase in the hydrogen concentration in a second slurry loop reactor connected downstream

in series with the first slurry loop reactor, thus an automatic response to reduce the second

reactor feed hydrogen or to reduce the second reactor temperature can be affected to prevent

excessive bubble formation.

[0075] In an embodiment of the invention, one or more of steps (a) through (f) are

conducted on a real-time basis. "Real-time basis" means the relevant steps are carried out

during operation of the reactor, e.g., on-line, without shutting down or otherwise impeding

reactor operation.

[0076] In another embodiment, the method of the invention is conducted during one or

more of: (i) start-up of the reactor; (ii) shut-down of the reactor; (iii) steady-state operation of

the reactor; and (iv) change of a reactant supplied to the reactor during a grade transition. For

present purposes, "during a grade transition" means the method of the present invention is

practiced during an interval in continuous reactor operation between production of a product

falling within a first product specification and production of a product falling within a second

product specification.

[0077] In yet another embodiment of the method of the invention, steps (a) through (f) are

conducted at more than one location within the reactor.

[0078] Referring to FIG. 1, in an embodiment the invention resides in a method for

monitoring and/or controlling bubble formation in a reactor 10, namely, a substantially vertical



loop polymerization reactor for polymerizing olefins which operates with a circulating liquid

slurry composition. Propylene feed enters a reactor inlet line 20 via propylene feed line 30,

along with polymerization catalyst via catalyst inlet line 40, and optional hydrogen via

hydrogen inlet line 50. The resulting reactor composition mixture enters the reactor unit 60 and

passes to the substantially vertical loop 70 having a plurality of legs, 80, 90, 100, and 110.

Each leg is fluidly connected to another leg at each end by bent piping. In the embodiment

depicted in FIG. 1, the reactor's single loop includes four legs. In another embodiment (not

shown), the series reactor comprises a first loop and a second loop wherein each loop

comprises eight legs. While not shown in FIG. 1, it should be apparent to those skilled in the

art that there will be a fluid connection between the loops to allow flow of liquid and/or slurry

and/or gaseous material therebetween.

[0079] Propylene and, if added, hydrogen, can be separated from the polymer being

produced and recycled back to the first, second, or more loops, wherein one or more of each

leg of the loop or loops can be jacketed for cooling with a heat transfer medium, e.g., water. In

a two-loop embodiment of the series reactor (not shown), recycled propylene and hydrogen is

routed into the second loop through a recycle conduit. Heat of reaction can be removed by use

of liquid heat exchanger medium flow, preferably water, through the jacket(s) 125. In one

embodiment, each jacket is independently supplied with cooling water, and in another

embodiment, water flows from one jacket to another in series. The circulating slurry or liquid

in each loop is kept preferably at a temperature of from 50°C to 90°C, more preferably

between 60°C and 75°C. In another embodiment, the circulating slurry or liquid in each loop

is kept at a temperature below that which would cause the resulting polymer to dissolve in the

monomer and/or diluent media.

[0080] Entry and exit from loop 70 can be controlled by inlet valve 120 and outlet valve

130, respectively. A first sensor capable of determining the operating pressure, is located at a

location (first location) 140 on loop 70. The first sensor can measure operating pressure using

a pressure sensing means and produce an electrical signal that is directed via line 160 to

processor 170.

[0081] Optionally, the operating pressure at location 140 can be used to estimate the

operating pressure at a second location, e.g., location 150 using a second sensor. For example,

the second sensor may produce an electric signal that is a function of the gauge pressure

(difference between reactor condition and the ambient condition pressure) in the lower section

of the loop reactor. The second sensor produces a signal that is directed via line 180 to



processor 170. The first and second sensors, for present purposes may include more than one

type of sensor at a specific location.

[0082] Concentrations of components of the circulating composition, which can typically

comprise propylene, propane, ethylene and hydrogen, can be estimated at location 140 and/or

150 based on a mathematical model. Component concentration is a function of overall

material balances in the reactor which are measured at inlet line 20 and line outlet 130, as well

as estimated consumption rates in the reactor of individual components.

[0083] The vapor pressure of the composition can then be calculated based on the

estimated component concentrations. Processor 170 integrates the data to provide a calculated

chemical composition value and an estimated vapor pressure for the composition.

[0084] Additionally or alternatively, component concentrations of propylene, propane,

ethylene, and hydrogen can be measured within the reactor using the first and/or second

sensors. The various sensors provide their respective data via, e.g., line 180. Sensors used by

the bubble point application include sensors for flows, stream compositions, pressures,

temperatures, and slurry density. Additionally, a heat and material balances can be used to

approximate the production rate in each reactor.

[0085] Processor 170 calculates the difference between operating pressure (measured or

estimated) and estimated vapor pressure and compares it with a threshold value. When this

difference drops below the threshold value, the processor triggers an output signal via line 190

that can implement an effect in response to bubbling or its imminent initiation, which response

can prevent, eliminate, or at least reduce the bubbling.

[0086] With reference to FIG. 2, an exemplary reactor system for making

propylene/ethylene copolymers is illustrated. As shown, reactor system comprises reactors

202 and 204. Catalyst stream 206, hydrogen stream 208, propylene and propane stream 210

and ethylene stream 212 are fed to reactor 202 to undergo at least partial polymerization to

form stream 214. Stream 214, ethylene stream 216 and hydrogen stream 218 are then fed to

reactor 204 to undergo additional polymerization to form stream 220. Stream 220 may then be

fed to separator 222 (e.g., a high pressure separator), wherein polymer product in stream 224 is

recovered. Stream 224 may subsequently undergo additional purifications. It will be

understood that any of the above-referenced streams 206, 208, 210, 212, 214, 216, 218, 220

and 224 may have one or more sensors 226 to determine one or more of flow rate, component

concentrations, density, pressure and temperature of the streams. Additionally or alternatively,

reactors 202 and 204 may comprise one or more component concentration sensors 228,

pressure sensors 230 and temperature sensors 232. Such sensors may provide measurements to



be used in the mathematical model calculate the bubble temperature and/or vapor pressure. It

will further be understood that reactor system may further comprise any number of

conventional devices such as heat exchangers, pumps, separation devices (e.g., distillation

columns) and the like.

[0087] Such an effect can include notification of a reactor operator 105, who can then

manually initiate one or more procedures action to prevent, eliminate, or reduce bubbling

liquid in the reactor. The processor itself can directly initiate one or more effects to this end.

Such effects can include one or more of: increasing of reactor pressure or decrease of reactor

temperature and/or decreasing the composition vapor pressure 115, or maintaining the vapor

pressure of the composition at a maximum value without bubble formation 155. Additionally

or alternately, the effect can maintain the vapor pressure of the composition at a maximum

value with a limit on extent of bubbling 135—extent of bubbling being relatable to at least one

of variation in power draw of a reactor pump used to circulate reactor composition, pump

cavitation (which can be indicated by increased pump power draw variation, vibration or

audible noise), variation in reactor temperature control, and variation in reactor reactant

addition rates.

[0088] These effects can be accomplished, e.g., by reducing partial pressure of a reactor

composition component, say, hydrogen or propylene, by varying flowrate in propylene inlet

30, or hydrogen inlet 50, that contributes to overall composition vapor pressure. Decreasing the

flow of hydrogen has effect of reducing the overall vapor pressure of the mixture. Increasing

reactant flow (principally propylene and propane) often contributes to the reduction of vapor

pressure, but not necessarily. Another effect 145 can relate to decrease of reactor temperature,

e.g., by controlling temperature of a heat exchange medium (or coolant, e.g., water) in a jacket

125 surrounding some or all of the reactor loop. Thus, vapor pressure of the composition can

be controlled by varying at least one of: the temperature of the reactor, the amount of a vapor

pressure increasing component in the composition, and the amount of a vapor pressure

decreasing component in the composition. Vapor pressure increasing component can be

selected from hydrogen, which can be added via line 50 and ethylene, which can be added via

line 40 for mixing with the reactant stream before reactor injection. With all else constant,

increased reactant flow via line 30 has the effect of reducing hydrogen concentration and

propane concentration. As an inert, propane will have higher concentrations as the slurry

concentration increases and the propylene conversion increases. Propane has a lower vapor

pressure than propylene while hydrogen has a higher vapor pressure. By diluting the reactor



with additional feed flow, the vapor pressure is typically decreased because of the higher

sensitivity of vapor pressure to hydrogen concentration.

[0089] In one embodiment, the effect includes triggering a valve that releases a reaction

inhibitor, e.g., carbon monoxide, directly or indirectly into the loop reactors, e.g., via line 50.

Alternatively, the effect is controlling a valve that reduces or stops the addition of catalyst via

line 40 to the reactor.

[0090] When polymerization has proceeded to a desired extent, e.g., as measured by the

slurry concentration or production rate, the circulating slurry, whose circulation through the

loop can be provided by a pressure differential, such as that provided by a suitable pump (not

shown), e.g., axial flow elbow pump, can be withdrawn from the loop via line 133 wherein

flow is controlled by reactor outlet valve 130. The pump inlet and outlet can be located at a

suitable location in the loop, e.g., at the bottom of a leg comprising a loop. The slurry mixture

passes through line 133 into separator 143, e.g., a propylene/polypropylene separator, wherein

polymer is separated out and directed out of the separator as a polymer stream via line 155.

Conduit 165 allows for the unreacted fluids and gases to be directed to the propylene drum

175, whence they can be directed back to the reactor via lines 30 and 20, impelled by

circulating pump 185. Fresh propylene can be added to the system via the propylene drum 175

through line 195. Propane concentration in the drum 175 can be controlled by taking an

appropriate purge of propane enriched stream 165.

[0091] In any embodiments described herein, there may also be included in the fluid

stream a diluent such as propane, or other hydrocarbon. The pressure of the reacting

monomers and optional diluent in the loops can typically range from 2760 to 3930 kPa (400

psig to 800 psig), preferably between 33 10 to 3930 kPa (480 and 570 psig).

[0092] The present invention can be further described as follows:

A method for controlling bubble formation in a polymerization reactor, the reactor containing a

composition comprising at least one component, the method comprising:

1. (a) estimating a concentration of the at least one component at a location in the reactor

using a mathematical model;

(b) determining a vapor pressure of the composition based at least in part upon the

concentration of the at least one component;

(c) determining an operating pressure of the reactor at the location;

(d) determining a pressure difference as ∆Ρ = P - Pv , wherein P is the operating

pressure and P is the bubble pressure;



(e) comparing the ∆Ρ to a threshold value, wherein the threshold value reflects the

desired difference between the vapor pressure and operating pressure, wherein a ∆Ρ

greater than the threshold value produces an acceptable amount of bubble

formation; and

(f) implementing an effect when the ∆Ρ is less than the threshold value.

2. The method of 1, wherein one or more of (a) through (f) are conducted on a real-time

basis.

3. The method of 1, wherein the method is conducted during change of a reactant supplied

to the reactor during a grade transition.

4. The method of 1, wherein steps (a) through (f) are conducted at more than one location

within the reactor.

5. The method of 1, wherein the at least one component is one or more of polyolefin,

olefin, hydrogen and catalyst.

6. The method of 1, wherein the mathematical model is non-linear.

7. The method of 6, wherein the mathematical model estimates the concentration as a

function of at least one of reactor temperature, reactor inlet flow and estimated consumption

rate of one or more components.

8. The method of 7, wherein the mathematical model determines the concentration as a

function of the material balances in the reactor and associated reaction process systems.

9. The method of 8, wherein the material balances and the components are implemented

as equations in the mathematical model.

10. The method of 1, wherein the estimated vapor pressure is a function of at least one of

temperature and the concentration of at least one component of the composition.

11. The method of 1, wherein the operating pressure is determined through one of: (i)

direct measurement at the location; (ii) estimation at the location based upon measurement of

an operating pressure at a different location; or (iii) estimations of static and dynamic pressure

losses throughout the reactor.

12. The method of 1, wherein the threshold value is determined by prior operating

experience.

13. The method of 1, wherein the location is the point of lowest operating pressure in the

reactor and the threshold value is 0.

14. The method of 1, wherein the threshold value is set at a value that substantially

prevents the formation of vapor bubbles.



15. The method of 1, wherein the reactor is a slurry loop reactor and the slurry loop reactor

comprises a pump having a pump inlet.

16. The method of 15, wherein the location is immediately upstream of the pump inlet, and

the threshold value is 0.

17. The method of 15, wherein the threshold value is set at a value that substantially

prevents the formation of vapor bubbles at the pump inlet.

18. The method of 17, wherein the threshold value is set to limit the amplitude of the pump

power oscillations.

19. The method of 17, wherein the threshold value is set to limit the cavitation of the pump.

20. The method of 1, wherein the effect comprises increasing the operating pressure.

21. The method of 20, wherein the effect comprises altering at least one process parameter.

22. The method of 21, wherein the process parameter is selected from at least one of

reactor temperature and component concentration.

23. The method of 21, wherein the composition comprises hydrogen as a component and

the process parameter is hydrogen concentration.

24. The method of 23, wherein the hydrogen concentration is increased during transition

from producing a first polymer to producing a second polymer of lower molecular weight, to a

level sufficient to provide an instantaneous molecular weight polymer of lower molecular

weight than the second polymer, such that ∆Ρ does not drop below the threshold value.

25. The method of 20, wherein the effect is implemented manually or automatically.

26. The method of 25, wherein the effect comprises increasing the difference ∆ Ρ to above

the threshold value.

27. The method of 25, wherein the effect reduces the reactor temperature.

28. The method of 25, wherein the effect provides a reaction inhibitor directly or indirectly

into the reactor.

29. The method of 28, wherein the reaction inhibitor includes carbon monoxide.

30. The method of 25, wherein the effect reduces or stops the addition of a catalyst to the

reactor.

31. The method of 1, wherein an effect is continuously implemented to maintain control of

the ∆Ρ at a setpoint, and wherein control is maintained by at least one of open loop feedback

control, manual feedback control, automatic feedback control, and automatic feed forward

control.



32. A method for controlling bubble formation in a polypropylene polymerization

reactor, the reactor comprising a composition containing at least one component, the method

comprising:

(a) estimating a concentration of at least one component in the reactor composition at a

location in the reactor using a mathematical model;

(b) determining an estimated vapor pressure of the composition based at least in part

upon the concentration(s) of the component(s);

(c) determining an operating pressure of the reactor at the location;

(d) determining a pressure difference as ∆ Ρ = P - Pv , where Ρχ = the operating

pressure and P = the vapor pressure; and

(e) implementing an effect when the ∆ Ρ is less than the threshold value, wherein the

effect comprises altering at least one process parameter.

[0093] All priority documents, patents, publications, and patent applications, test

procedures (such as ASTM methods), and other documents cited herein are fully incorporated

by reference to the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[0094] When numerical lower limits and numerical upper limits are listed herein, ranges

from any lower limit to any upper limit are contemplated.

[0095] While the illustrative embodiments of the invention have been described with

particularity, it will be understood that various other modifications will be apparent to and can

be readily made by those skilled in the art without departing from the spirit and scope of the

invention. Accordingly, it is not intended that the scope of the claims appended hereto be

limited to the examples and descriptions set forth herein but rather that the claims be construed

as encompassing all the features of patentable novelty which reside in the present invention,

including all features which would be treated as equivalents thereof by those skilled in the art

to which the invention pertains.



PCT CLAIMS

1. A method for controlling bubble formation in a polymerization reactor, the reactor

containing a composition comprising at least one component, the method comprising:

(a) determining a concentration of the at least one component in the composition at a

location in the reactor using a mathematical model;

(b) determining a vapor pressure of the composition based at least in part upon the

concentration of the at least one component;

(c) determining an operating pressure of the reactor at the location;

(d) determining a pressure difference as ∆Ρ = P - Pv , wherein Ρχ is the operating

pressure and P is the vapor pressure;

(e) comparing the ∆Ρ to a threshold value, wherein the threshold value reflects a

desired difference between the vapor pressure and operating pressure, and wherein

a ∆ Ρ that is greater than the threshold value produces an acceptable amount of

bubble formation; and

(f) implementing an effect when the ∆Ρ is less than the threshold value.

2. The method of claim 1, wherein one or more of (a) through (f) are conducted on a real

time basis.

3. The method of claim 1 or claim 2, wherein the method is conducted during change of a

reactant supplied to the reactor during a grade transition.

4. The method of any one of the preceding claims, wherein steps (a) through (f) are

conducted at more than one location within the reactor.

5. The method of any one of the preceding claims, wherein the at least one component

includes one or more of polyolefin, olefin, hydrogen and catalyst.

6. The method of any one of the preceding claims, wherein the mathematical model is

non-linear.

7. The method of claim 6, wherein the mathematical model estimates the concentration as

a function of at least one of reactor temperature, reactor inlet flow and consumption rate of one

or more components of the composition.

8. The method of claim 7, wherein the mathematical model determines the concentration

as a function of the material balances in the reactor.

9. The method of claim 8, wherein material balances are implemented as equations in the

mathematical model.



10. The method of any one of the preceding claims, wherein the vapor pressure of (b) is a

function of at least one of temperature and the concentration of at least one component of the

composition.

11. The method of any one of the preceding claims, wherein the operating pressure is

determined through one of: (i) direct measurement at the location; (ii) estimation at the location

based upon measurement of an operating pressure at a different location; or (iii) estimations of

static and dynamic pressure losses throughout the reactor.

12. The method of any one of the preceding claims, wherein the threshold value is

determined by prior operating experience.

13. The method of any one of the preceding claims, wherein the location is the point of

lowest operating pressure in the reactor and the threshold value is 0.

14. The method of any one of the preceding claims, wherein the threshold value is set at a

value that substantially prevents the formation of vapor bubbles.

15. The method of any one of the preceding claims, wherein the reactor comprises a pump

having a pump inlet.

16. The method of claim 15, wherein the location is immediately upstream of the pump

inlet, and the threshold value is 0.

17. The method of claim 15 or claim 16, wherein the reactor is a slurry loop reactor.

18. The method of claim 15, wherein the threshold value is set to limit the amplitude of the

pump power oscillations.

19. The method of claim 15, wherein the threshold value is set to limit the cavitation of the

pump.

20. The method of any one of the preceding claims, wherein the effect comprises

increasing the operating pressure.

21. The method of any one of the preceding claims, wherein the effect comprises altering at

least one process parameter.

22. The method of claim 21, wherein the process parameter is selected from at least one of

reactor temperature and component concentration.

23. The method of claim 21, wherein the composition comprises hydrogen as a component

and the process parameter is hydrogen concentration.

24. The method of any one of the preceding claims, wherein the effect is implemented

manually or automatically.

25. The method of any one of the preceding claims, wherein the effect increases the

difference ∆ Ρ to above the threshold value.



26. The method of any one of the preceding claims, wherein the effect reduces the reactor

temperature.

27. The method of any one of the preceding claims, wherein the effect provides a reaction

inhibitor directly or indirectly into the reactor.

28. The method of claim 27, wherein the reaction inhibitor includes carbon monoxide.

29. The method of any one of the preceding claims, wherein the effect reduces or stops the

addition of a catalyst to the reactor.

30. The method of any one of the preceding claims, wherein an effect is continuously

implemented to maintain control of the ∆Ρ at a setpoint, and wherein control is maintained by

at least one of open loop feedback control, manual feedback control, automatic feedback

control, and automatic feed forward control.

31. A method for controlling bubble formation in a slurry loop polypropylene

polymerization reactor, the reactor containing a composition comprising at least one

component, the method comprising:

(a) determining a concentration of at least one component in the reactor composition at

a location in the reactor using a mathematical model;

(b) determining a vapor pressure of the composition based at least in part upon the

concentration of the component;

(c) determining an operating pressure of the reactor at the location;

(d) determining a pressure difference as ∆ Ρ = P - Pv , where Ρχ = the operating

pressure and P = the vapor pressure; and

(e) implementing an effect when the ∆ Ρ is less than the threshold value, wherein the

effect comprises altering at least one process parameter.

32. A method for controlling bubble formation in a slurry loop polypropylene

polymerization reactor, the reactor containing a composition comprising at least one

component, the method comprising:

(a) determining a concentration of at least one component in the reactor composition at

a location in the reactor using a mathematical model;

(b) determining a vapor pressure of the composition based at least in part upon the

concentration of the component;

(c) determining an operating pressure of the reactor at the location;

(d) comparing the ∆Ρ to a threshold value, wherein the threshold value reflects a

desired difference between the vapor pressure and operating pressure, and wherein



a ∆ Ρ that is greater than the threshold value produces an acceptable amount of

bubble formation; and

(e) implementing a first effect when the ∆Ρ is less than the threshold value; and

(f) implementing a second effect if the pressure difference does not equal or exceed the

threshold value within a set time following the implementing of the first effect.

The method of claim 32, wherein the first effect is different than the second effect.
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