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PROCESSES AND APPARATUS FOR CONTINUOUS SOLUTION 

POLYMERIZATION 

PRIORITY CLAIM 

[0001] This application claims priority to U.S. Provisional Application Serial No. 

61/609759 filed March 12, 2012, the disclosures of which are fully incorporated herein by 

reference. 

FIELD 

[0002] This invention relates to continuous solution polymerization processes and an 

apparatus for performing the same. 

BACKGROUND 

[0003] A number of processes exist for producing polymers of varying molecular weight. 

One example of a polymerization process that can be used in the production of, inter alia, 

olefin based polymers (e.g., polyethylene and polypropylene) is continuous solution based 

polymerization. 

[0004] Continuous polymerization processing can be economically advantageous over 

batch polymerization for high-volume polymer production. As opposed to batch 

polymerization, continuous processing requires smaller equipment (e.g., feed tanks and 

pumps) per unit of throughput, and therefore is less capital intensive with reduced power 

consumption and lower total running costs. 

[0005] Continuous solution polymerization generally involves the addition of a catalyst to 

a monomer and optionally a solvent mixture. Examples of suitable catalysts for continuous 

solution polymerization processes include, but are not limited to, single site transition metal 

catalysts, such as metallocene catalysts. Upon reaction, the formed polymer is dissolved in 

the polymerization medium or solvent, often along with any catalyst and unreacted monomer, 

frequently with the solution exiting the reactor having a relatively low polymer concentration, 

such as from about 3 wt.% to 30 wt.%. The product mixture is then passed to polymer 

concentration and finishing stages to separate the solvent and unreacted monomer from the 

mixture such that the desired polymer can be recovered in a usable form. The separated 

solvent and monomer can then later be rccyclcd back to the reactor for re-use. 
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[0006] It is well known that polymer solutions can undergo phase separation at the lower 

critical solution temperature (LCST), where both the polymer-rich phase and polymer-lean 

phase are either substantially liquids or supercritical fluids. This phase separation is 

encouraged by higher temperatures and/or lower pressures, but where the pressure is still high 

enough to prevent formation of a vapor phase. Accordingly, it is recognized to take 

advantage of this phenomenon of LCST phase separation to assist in separating the solvent 

and unreacted monomer from the polymer product of solution polymerization processes. The 

first step in this separation method involves heating the product mixture under high pressure, 

followed by reducing the pressure to a point where two phases (polymer-rich phase and 

polymer-lean phase) are formed. Of the two phases that are formed, the polymer-lean phase 

is rich in solvent and contains most of the unreacted monomer and contains veiy little 

polymer, whereas the rich phase is polymer rich. The denser polymer-rich phase settles to 

the bottom of the vessel where it is pressure fed to downstream equipment where the 

remaining solvent is removed. The solvent-rich phase (polymer-lean phase) overflows out 

the top of the separation vessel where it is cooled and recycled back to the reactor for re-use. 

With most polymers, the polymer-lean phase contains an extremely low polymer 

concentration, in an amount that does not interfere with the functioning of the solvent recycle 

stream. 

[0007J Generally, LCST separation is the preferred method of polymer recovery for 

most conventional continuous solution polymerization processes, as it usually is the most 

energy efficient process. The benefits of the LCST separation is explained in more detail in 

U.S. Patent Nos. 6,881,800 and 7,163,989 both of which are incorporated by reference. 

However, when producing low-molecular weight polymers, for example polymers having a 

significant fraction of their molecular weight distribution below 10,000 g/mol, LCST may be 

unable to provide a clean separation between the polymer product and the solvent. Because 

of this, a significant fraction of the polymer product is carried overhead in the lean phase, 

where it can plate out and detrimentally foul equipment in the recycle solvent stream. As a 

result, recovery of low molecular weight polymers is generally achieved by flash 

vaporization of the solvent. Flash vaporization prevents the low-molecular weight polymer 

from being carried over in the vapor stream into the recycle solvent stream which, in turn, 

prevents fouling. As an example, a description of a flash vaporization separation process can 

be found in U.S. Patent No. 6,204,344. 

[0008] Operating conditions for flash separation and LCST operation differ primarily in 

the pressure under which the separation is effected (higher pressures for LCST and lower 
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pressures for flash vaporization), which also results in lower temperatures for flash 

vaporization due to the greater enthalpy of a vapor phase relative to a liquid or super critical 

fluid (SCF) polymer-lean phase. In practice this means that production of high and low 

molecular weight polymers may require the use of either different polymerization plants or 

different separation systems. The present invention seeks to provide a flexible process and 

production plant that can effectively accommodate the processing of both low molecular 

weight and high-molecular weight polymers in the same plant and using the same separation 

system. 

SUMMARY 

[0009] In one aspect, the invention resides in a blocked process for producing polymers 

of different molecular weights, the process comprising: 

(A) for a first time period conducting a first polymerization to produce a first polymer by 

a process comprising: 

(i) effecting continuous polymerization of a first monomer in a first solvent to 

produce a first product effluent comprising the first solvent, the first polymer, and unreacted 

first monomer; 

(ii) heating the first product effluent; 

(iii) feeding the first product effluent under pressure to a first valve upstream of a 

separator; 

(iv) reducing the pressure of the first product effluent downstream of said first 

valve by an amount sufficient to separate the first product effluent into two phases in the 

separator said phases comprising a first polymer-rich phase and a first polymer-lean phase 

comprising said first solvent and unreacted first monomer wherein the polymer-rich phase is 

substantially in the liquid phase or supercritical phase and the polymer-lean phase is 

substantially in the liquid phase or supercritical phase; 

(v) recovering the first polymer from said first polymer-rich phase; and 

(vi) recycling unreacted first monomer and first solvent from the first polymer-lean 

phase to said polymerization A(i); and 

(B) for a second time period conducting a second polymerization to produce a second 

polymer having a lower molecular weight than the first polymer by a process comprising: 

(i) effecting continuous polymerization of a second monomer in a second solvent 

to produce a second product effluent comprising the second solvent, the second polymer ,and 

unreacted second monomer; 
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(ii) heating the second product effluent; 

(iii) feeding the second product effluent under pressure to said separator; 

(iv) reducing the pressure of the second product effluent in said separator by an 

amount sufficient to separate the second product effluent into a second polymer-rich liquid 

phase and a second polymer-lean vapor phase comprising said second solvent and unreacted 

second monomer; 

(v) recovering the second polymer from said second polymer-rich liquid phase; 

(vi) cooling the second polymer-lean vapor phase to condense said second solvent 

and said unreacted second monomer therefrom; and 

(vii) recycling the condensed second solvent and unreacted second monomer to 

said polymerization B(i). 

[0010] In one embodiment, the first product effluent is heated by heat transfer from the 

first polymer-lean liquid phase in at least one primary heat exchanger and from an external 

source of heat in at least one secondary heat exchanger before being fed to the separator in 

(A) (ii) and the second product effluent is heated by heat transfer from the second polymer-

lean vapor phase in said at least one primary heat exchanger before and from an external 

source of heat in at least one secondary heat exchanger being fed to the separator in (B) (ii). 

U.S. Patent No. 6,881,800 describes this method in more detail, such patent being 

incorporated by reference. 

[0011] In various embodiments, the first polymer has a weight average molecular weight 

greater than 100,000 g/mol, greater than 125,000 g/mol, and greater than 150,000 g/mol; and 

the second polymer has a weight average molecular weight less than 100,000 g/mol, less than 

80,000 g/mol, and less than 50,000 g/mol. 

[0012] In other embodiments, the first polymer has weight average molecular weights in 

range of from about 150,000 g/mol to about 10,000,000 g/mol, and the second polymer has a 

weight average molecular weight range of from about 5,000 g/mol to about 80,000 g/mol. 

[0013] In a further aspect, the invention resides in apparatus for recovering polymers of 

different molecular weight produced sequentially by continuous solution polymerization in 

one or more polymerization reactors, the apparatus comprising: 

a supply line for receiving a pressurized effluent of polymer, solvent, and unreacted 

monomer from the polymerization reactor(s); 

one or more heat exchangers connected to the supply line for heating the pressurized 

effluent; 

a separator for receiving the heated and pressurized effluent from the heat 
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exchangers), the separator having a first outlet for a polymer-rich stream and a second outlet 

for a polymer-lean stream; 

a pressure regulator operable to lower the pressure in the separator to at least (i) a first 

level at which the effluent in said separator separates into two phases comprising a polymer-

rich phase and polymer-lean phase, or (ii) a second level lower than the first level at which 

the effluent in said separator separates into a polymer-rich liquid phase and polymer-lean 

vapor phase wherein the polymer-rich phase is substantially in the liquid phase or 

supercritical phase and the polymer-lean phase is substantially in the liquid phase or 

supercritical phase; 

first valve means operable when the pressure in the separator is at said first level to 

supply a polymer-lean liquid phase from the separator through the one or more heat 

exchangers to the polymerization reactor(s); 

a condenser; 

second valve means operable when the pressure in the separator is at said second level 

to supply a polymer-lean vapor phase from the separator through the one or more heat 

exchangers to the condenser; and 

third valve means operable to supply condensed polymer-lean vapor phase from the 

condenser to the polymerization reactor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 is a schematic representation of the polymer rccovcry section of a 

continuous solution polymerization process according to one embodiment of the invention. 

[0015] Figure 2 is a schematic representation of the polymer recovery section of a 

continuous solution polymerization process according to an alternative embodiment of the 

invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0016] Described herein is a simplified blocked process and apparatus for the continuous 

solution polymerization of olefinic monomers that allows the production of low molecular 

weight and high-molecular weight polymers in the same plant and using the same separation 

system. 

[0017] For purposes of this patent application, "blocked process" is defined as sequential 

production of different polymers in the same production plant for arbitrary blocks of time, in 

which only one product is produced in any given block of time. 

[0018] In one embodiment, the term "high molecular weight polymer" is defined as a 

polymer having less than 20 wt.% of its molecular weight distribution below 10,000 g/mol 
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such as less than 10 wt.%, less than 1 wt.%, and less than 0.1 wt.% of its molecular weight 

distribution below 10,000 g/mol. In contrast in this embodiment, the term "low molecular 

weight polymer" is used to refer to polymer having more than 20 wt.% of its molecular 

weight distribution below 10,000 g/mol such as more than 10 wt.%, more than 1 wt.%, and 

more than 0.1 wt.% of its molecular weight distribution below 10,000 g/mol. 

[0019] In another embodiment, the term "low molecular weight polymer" is used herein 

to refer to a polymer having a weight average molecular weight less than 100,000 g/mol, less 

than 90,000 g/mol, and less than 75,000 g/mol, for example from about 1,000 g/mol to about 

90,000 g/mol, such as from about 5,000 g/mol to about 75,000 g/mol, generally from about 

10,000 g/mol to about 50,000 g/mol. In contrast in this embodiment, the term "high 

molecular weight polymer" is used herein to refer to a polymer having a molecular weight 

greater than 100,000 g/mol, greater than 125,000 g/mol, and greater than 150,000 g/mol, for 

example from about 110,000 g/mol to about 10,000,000 g/mol, such as from about 125,000 

g/mol to about 5,000,000 g/mol, generally from about 150,000 g/mol to about 2,500,000 

g/mol. 

[0020] In a conventional metallocene-catalyzed, solution-based process for polymerizing 

olefinic monomers, such as ethylene, propylene, and/or other a-olefins, the product effluent 

exiting the polymerization reactor is a dilute solution of the desired polymer (typically 3 

wt.% to 30 wt.%) in the polymerization solvent. The effluent solution may also contain 

significant quantities of unreacted monomer. In order to recover the polymer so that it can be 

made into useable form for sale, essentially all the solvent and unreacted monomer must be 

removed. In addition, to ensure sound process economics, as much as possible of the solvent 

and unreacted monomer must be recycled back to the polymerization reactor. 

[0021] With high molecular weight polymers, recovery of the polymer initially involves 

heating the product effluent under high pressure to a temperature of 150°C to 220°C and then 

allowing the heated product to pass through a let-down valve into a high pressure separator. 

The rapid pressure drop across the let-down valve, typically a pressure let-down of greater 

than 20 bar/second, preferably 30 bar/second or more, even more preferably 40 bar/second or 

more causes the product effluent to pass through the lower critical solution temperature 

(LCST) boundary and separate into two phases: a polymer-rich phase and a polymer-lean 

phase comprising solvent and unreacted monomer wherein the polymer-rich phase is 

substantially in the liquid phase or supercritical phase and the polymer-lean phase is 

substantially in the liquid phase or supercritical phase. The denser polymer-rich phase settles 

to the bottom of the high-pressure separator, where it is pressure fed to downstream 
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equipment and the rest of the solvent is removed. The polymer-lean phase overflows out the 

top of the separator where it is cooled and recycled back to the reactor for re-use of the 

solvent and the unreacted monomer. The polymer-lean contains extremely low 

concentrations of polymer that don't interfere with the functioning of the solvent recycle 

system. 

[0022] In the case of low molecular weight polymers, effecting polymer recovery by the 

LCST process often fails to achieve a clean separation between the polymer and the solvent. 

As a result, a significant fraction of the polymer can be earned overhead in the polymer-lean 

phase where it may foul equipment in the recycle solvent system. Thus, with low-molecular 

weight polymers, it is normally necessary to remove the solvent by flash separation which, 

although less energy efficient than LCST, prevents any of the low-molecular weight polymer 

from solubilizing and being carried over in the vapor stream into the recycle solvent system. 

[0023] The present process allows both low and high molecular weight solution 

polymers to be recovered in the same apparatus without the problem of carry-over of polymer 

in the solvent recycle stream. Thus, when the present process is used to produce high 

molecular weight polymers, the product effluent is fed at reaction pressure to one or more 

heat exchangers to raise the temperature of the effluent, if necessary. The heated effluent is 

then passed through a let-down valve into a separator whereby the pressure of the effluent is 

reduced by an amount sufficient to separate the first product effluent into two liquid/SCF 

phases comprising a polymer-rich phase and a polymer-lean phase. The polymer-rich phase 

settles to the bottom of the separator and is withdrawn for recovery of the polymer. The 

polymer-lean phase is withdrawn from the top of the separator and is cooled by heat 

exchange with the product effluent in said one or more heat exchangers before being recycled 

to the polymerization reactor. "Liquid/SCF phase" is defined herein as meaning the 

applicable phase may either be substantially in the liquid phase or the SCF phase. In the case 

of references of two or more phases, "liquid/SCF phases" is defined herein as meaning that 

each phase being referenced may be either substantially in the liquid phase or substantially in 

the SCF phase and wherein each phase may be the same or different. 

[0024] When the present process is used to produce low molecular weight polymers, the 

product effluent is again fed at reaction pressure to said one or more heat exchangers to raise 

the temperature of the effluent without fouling the heat exchangers. The heated effluent is 

then passed through the let-down valve into the separator, but in this case the pressure of the 

effluent is reduced by a larger amount sufficient to separate the product effluent into a 

polymer-rich liquid phase and a polymer-lean vapor phase comprising said second solvent 
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and unreacted second monomer. Again, the polymer-rich phase is withdrawn from the 

bottom of the separator for recovery of the polymer and the polymer-lean [vapor] phase is 

withdrawn from the top of the separator and is cooled in said one or more heat exchangers 

before being recycled to the polymerization reactor. It will therefore be appreciated that said 

one or more heat exchangers must be designed such that they can handle both vapor and 

liquid streams, such as TEMA X heat exchangers. 

[0025] Referring to Figure 1, in one embodiment of the invention, the outlet of a solution 

polymerization reactor (not shown) is connected by line 11 through first, second, and third 

series connected heat exchangers 12, 13, and 14, respectively to a first, let-down valve 15. In 

operation, the first and second heat exchangers 12 and 13 supply heat to the product effluent 

in line 11 from a polymer-lean recycle stream whereas the heat exchanger 14 supplies heat to 

the product effluent from an external source of heat, such as steam. 

[0026] The let-down valve 15 controls the pressure and flow of the product effluent in 

line 11 into a separator 16, which is provided at its base with a second, polymer recovery 

valve 17 and at its top with a third, recycle control valve 18. The valve 18 is connected via 

line 19 to the second heat exchanger 13 which is connected to the first heat exchanger 12 by a 

fourth valve 21. The first heat exchanger 12 is connected by a sixth valve 24 to a further 

water cooled heat exchanger 25 which in turn is connected by a seventh valve 26 to the liquid 

recycle line 27 of the polymerization reactor (not shown). 

[0027] For the case when a high molecular weight polymer is being produced, reactor 

effluent at high pressure in line 11 is partially heated by heat exchangers 12 and 13 using the 

hot polymer-lean phase in line 19 and then heated to its final target temperature in heat 

exchanger 14 using a heating medium such as steam. The pressure of the reactor effluent is 

then reduced across control valve 15 to the point where a polymer-lean phase and polymer-

rich phase form in separator 16, wherein the polymer-rich phase is substantially in the liquid 

phase or supercritical phase and the polymer-lean phase is substantially in the liquid phase or 

supercritical phase. The denser polymer-rich phase is removed through valve 17, whereas the 

polymer-lean phase exits the top of the separator through line 19 (for LCST operation, the 

valve 18 is operated wide open such that it has no effect on the process). The polymer-lean 

phase then flows through the second heat exchanger 13 and, via valve 21, through the first 

heat exchanger 12 where it loses heat to the reactor effluent in line 11. The lean phase then 

flows through heat exchanger 25, in which it is cooled down to its final target temperature. 

Valve 15 is adjusted to control the pressure in the separator 16 such that the pressure is high 
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enough to prevent vapor formation but low enough to allow the reactor effluent to condense 

into two phases. 

[0028] For the case when a low molecular weight polymer is being produced, reactor 

effluent at high pressure is, as in LCST operation, partially heated by the hot effluent from 

the separator 16 in heat exchangers 12 and 13 and then heated to its final target temperature 

in heat exchanger 14 using a heating medium such as steam. The pressure of the reactor 

effluent is then reduced across valve 15 to the point where separate liquid and vapor phases 

form. The denser polymer-rich phase settles to the bottom of the separator 16 and is removed 

through valve 17. The hot polymer-lean vapor flows out the top of the separator 16 through 

valve 18, which regulates the pressure in the separator, and then through heat exchangers 12 

and 13 where the vapor loses heat to the reactor product stream. The design of the heat 

exchange system is such that the hot polymer-lean vapor partially condenses in heat 

exchanger 13 and fully condenses in heat exchanger 12. The condensate is cooled down to 

the final target temperature in heat exchanger 25. 

[0029] The invention will now be more particularly described with reference to Figure 2 

and the following simulated Example. 

[0030] Referring to Figure 2, in one embodiment of the invention, the outlet of a solution 

polymerization reactor (not shown) is connected by line 11 through first, second, and third 

series connected heat exchangers 12, 13, and 14, respectively to a first, let-down valve 15. In 

operation, the first and second heat exchangers 12 and 13 supply heat to the product effluent 

in line 11 from a polymer-lean recycle stream whereas the heat exchanger 14 supplies heat to 

the product effluent from an external source of heat, such as steam. 

[0031] The let-down valve 15 controls the pressure and flow of the product effluent in 

line 11 into a separator 16, which is provided at its base with a second, polymer recovery 

valve 17 and at its top with a third, recycle control valve 18. The valve 18 is connected via 

line 19 to the second heat exchanger 13 which is connected to the first heat exchanger 12 by a 

fourth valve 21 and which is connected to a condenser 22 via a fifth valve 23. The first heat 

exchanger 12 is connected by a sixth valve 24 to a further water cooled heat exchanger 25 

which in turn is connected by a seventh valve 26 to the liquid recycle line 27 of the 

polymerization reactor (not shown). 

[0032] The condenser 22 is connected by an eighth valve 28 to the first heat exchanger 

12, by a ninth valve 29 to the sixth valve 24, and by a tenth valve 31 directly to the further 

water cooled heat exchanger 25. 
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[0033] For the case when a high molecular weight polymer is being produced, reactor 

effluent at high pressure in line 11 is partially heated by heat exchangers 12 and 13 using the 

hot polymer-lean phase in line 19 and then heated to its final target temperature in heat 

exchanger 14 using a heating medium such as steam. The pressure of the reactor effluent is 

then reduced across control valve 15 to the point where a polymer-rich phase and polymer-

lean phase forms in separator 16, wherein the polymer-rich phase is substantially in the liquid 

phase or supercritical phase and the polymer-lean phase is substantially in the liquid phase or 

supercritical phase. The denser polymer-rich phase is removed through valve 17, whereas the 

polymer-lean phase exits the top of the separator through line 19 (for LCST operation, the 

valve 18 is operated wide open such that it has no effect on the process). The polymer-lean 

phase then flows through the second heat exchanger 13 and, via valve 21 (with valves 23 and 

28 being closed), through the first heat exchanger 12 where it loses heat to the reactor 

effluent in line 11. The lean phase then flows through heat exchanger 25, in which it is 

cooled down to its final target temperature. Valve 15 is adjusted to control the pressure in the 

separator 16 such that the pressure is high enough to prevent vapor formation but low enough 

to allow the reactor effluent to condense into two phases wherein the two phases may be 

substantially in the liquid phase or substantially in the supercritical phase or both. 

[0034] For the case when a low molecular weight polymer is being produced, reactor 

effluent at high pressure is, as in LCST operation, partially heated by the hot effluent from 

the separator 16 in heat exchangers 12 and 13 and then heated to its final target temperature 

in heat exchanger 14 using a heating medium such as steam. The pressure of the reactor 

effluent is then reduced across valve 15 to the point where separate liquid and vapor phases 

form. The denser polymer-rich phase settles to the bottom of the separator 16 and is removed 

through valve 17. The hot polymer-lean vapor flows out the top of the separator 16 through 

valve 18, which regulates the pressure in the separator, and then through heat exchangers 12 

and 13 where the vapor loses heat to the reactor product stream. The design of the heat 

exchange system is such that the hot polymer-lean vapor partially condenses in heat 

exchanger 13, and the combined condensate/vapor stream flows into the condenser 22 (with 

valve 21 closed and valves 23 and 28 open). The uncondensed polymer-lean vapor flows 

from the overhead of the condenser 22 into the heat exchanger 12, where it condenses 

completely. By closing valve 24 and opening valve 29, the condensate in the heat exchanger 

12 then returns to the condenser. Valve 31 is opened, and the condensate from condenser 22 

flows through the heat exchanger 25, where it is cooled down to the final target temperature. 

Valve 31 acts as the level control valve for the condenser 22. 
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Example 

[0035] Pro/II simulator and HTRI (heat exchanger design program) were used in parallel 

to both identify operating conditions and design heat exchangers that would allow for the 

operation of the apparatus of Figure 2 in either LCST or flash mode. Laboratory reactor data 

on monomer conversion and reactor effluent composition was used as the basis for the 

simulations. The results for the solution polymerization of a propylene/ethylene mixture are 

shown in the following table. 
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Reactor Effluent 

Temperature (C) 

Pressure (kPa) 

Polymer Content (wt.%) 

C2's Content (wt.%) 

C3's Content (wt.%) 

Solvent Content (wt.%) 

Liquid Fraction 
H/E 12 Outlet- tubeside 

Temperature (C) 

Pressure (kPa) 

Polymer Content (wt.%) 

C2's Content (wt.%) 

C3's Content (wt.%) 

Solvent Content (wt.%) 

Liquid Fraction 

H/E 13 Outlet- tubeside 

Temperature (C) 

Pressure (kPa) 

Polymer Content (wt.%) 

C2's Content (wt.%) 

C3's Content (wt.%) 

Solvent Content (wt.%) 

Liquid Fraction 
H/E 14 Outlet- tubeside 

Temperature (C) 

Pressure (kPa) 

Polymer Content (wt.%) 

C2's Content (wt.%) 

C3's Content (wt.%) 

High-Molecular 
Weight 
Polymer/LCST 
Case 

73.9 

11851 

11.1 

1.0 

22.1 

65.8 

1.00 

109.6 

11631 

11.1 

1.0 

22.1 

65.8 

1.00 

143.2 

11411 

11.1 

1.0 

22.1 

65.8 

1.00 

199.7 

11191 

11.1 

1.0 

22.1 

Low-Molecular 
Weight 
Polymer/Flash Case 

120 

11851 

10.1 

0.1 

13.3 

76.5 

1.00 

142 

11821 

10.1 

0.1 

13.3 

76.5 

1.00 

165.5 

11791 

10.1 

0.1 

13.3 

76.5 

1.00 

237 

11761 

10.1 

0.1 

13.3 
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Solvent Content (wt.%) 65.8 76.5 

Liquid Fraction 1.00 1.00 

Separator 16 Bottoms 

Temperature (C) 188.2 198.9 

Pressure (kPa) 4501 3157 

Polymer Content (wt.%) 33.8 51.7 

C2's Content (wt.%) 0.6 0.0 

C3's Content (wt.%) 15.8 3.2 

Solvent Content (wt.%) 49.8 45.1 

Liquid Fraction 1.00 1.00 

Separator 16 Overhead 

Temperature (C) 188.2 198.9 

Pressure (kPa) 4501 3157 

Polymer Content (wt.%) 0.0 0.0 

C2's Content (wt.%) 1.2 0.1 

C3's Content (wt.%) 25.2 15.0 

Solvent Content (wt.%) 73.6 84.9 

Liquid Fraction 1.00 0 

H/E 13 Outlet- shellside 

Temperature (C) 160.9 183.8 

Pressure (kPa) 43 91 3117 

Polymer Content (wt.%) 0.0 0 

C2's Content (wt.%) 1.2 0.1 

C3's Content (wt.%) 25.2 15.5 

Solvent Content (wt.%) 73.6 84.4 

Liquid Fraction 1.00 0.76 

H/E 12 Outlet- shellside 

Temperature (C) 121.2 139.5 

Pressure (kPa) 4281 3097 

Polymer Content (wt.%) 0.0 0.0 

C2's Content (wt.%) 1.2 0.1 

C3's Content (wt.%) 25.2 24.6 

Solvent Content (wt.%) 73.6 75.3 
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Liquid Fraction 1.00 1.00 

Condenser 22 Bottoms 

Temperature (C) N/A 173.4 

Pressure (kPa) N/A 3097 

Polymer Content (wt.%) N/A 0.0 

C2's Content (wt.%) N/A 0.1 

C3's Content (wt.%) N/A 15.5 

Solvent Content (wt.%) N/A 84.4 

Liquid Fraction N/A 1.00 

H/E 25 Outlet 

Temperature (C) 45 41.9 

Pressure (kPa) 4171 3067 

Polymer Content (wt.%) 0.0 0.0 

C2's Content (wt.%) 1.2 0.1 

C3's Content (wt.%) 25.2 15.5 

Solvent Content (wt.%) 73.6 84.4 

Liquid Fraction 1.00 1.00 

[0036] While the present invention has been described and illustrated by reference to 

particular embodiments, those of ordinary skill in the art will appreciate that the invention 

lends itself to variations not necessarily illustrated herein. For this reason, then, reference 

should be made solely to the appended claims for purposes of determining the true scope of 

the present invention. 
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CLAIMS 

1. A process for producing polyolefms of different molecular weights, the 

process comprising: 

(A) for a first time period conducting a first polymerization to produce a first 

polymer by a process comprising: 

(i) effecting continuous polymerization of a first monomer in a first 

solvent to produce a first product effluent comprising the first solvent, the first 

polymer, and unreacted first monomer; 

(ii) heating the first product effluent; 

(iii) feeding the first product effluent under pressure to a first valve 

upstream of a separator; 

(iv) reducing the pressure of the first product effluent downstream of said 

first valve by an amount sufficient to separate the first product effluent into two 

phases in the separator said phases comprising a first polymer-rich phase and a first 

polymer-lean phase comprising said first solvent and unreacted first monomer 

wherein the polymer-rich phase is substantially in the liquid phase or supercritical 

phase and the polymer-lean phase is substantially in the liquid phase or supercritical 

phase; 

(v) recovering the first polymer from said first polymer-rich phase; and 

(vi) recycling unreacted first monomer and first solvent from the first 

polymer-lean phase to said polymerization A(i); and 

(B) for a second time period conducting a second polymerization to produce a 

second polymer having a lower molecular weight than the first polymer by a process 

comprising: 

(i) effecting continuous polymerization of a second monomer in a second 

solvent to produce a second product effluent comprising the second solvent, the 

second polymer, and unreacted second monomer; 

(ii) heating the second product effluent; 

(iii) feeding the second product effluent under pressure to said separator; 

(iv) reducing the pressure of the second product effluent in said separator 

by an amount sufficient to separate the second product effluent into a second 
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polymer-rich liquid phase and a second polymer-lean vapor phase comprising said 

second solvent and unreacted second monomer; 

(v) recovering the second polymer from said second polymer-rich liquid 

phase; 

(vi) cooling the second polymer-lean vapor phase to condense said second 

solvent and said unreacted second monomer therefrom; and 

(vii) recycling the condensed second solvent and unreacted second 

monomer to said polymerization B(i); 

wherein the second polymer is a low molecular weight polymer wherein the 

low molecular weight polymer is a polymer having more than 10 wt.% of its 

molecular weight distribution below 10,000 g/mol. 

2. The process of claim 1, wherein the heating step of the first product effluent in 

A(ii) is provided by at least two heating stages wherein the first heating stage 

comprises heat transfer from the first polymer-lean phase in at least one primary heat 

exchanger and the second heating stage comprises heat transfer from an external 

source of heat in at least one secondary heat exchanger before being fed to the 

separator in (A)(iii). 

3. The process of claim 1, wherein the heating step of the second product effluent 

in B(ii) is provided by at least two heating stages wherein the first heating stage 

comprises heat transfer from the second polymer-lean vapor phase in at least one 

primary heat exchanger and the second heating stage comprises heat transfer from an 

external source of heat in at least one secondary heat exchanger before being fed to 

the separator in (B)(iii). 

4. The process of claim 1, wherein the first polymer is a high molecular weight 

polymer wherein the high molecular weight polymer is a polymer having less than 

20 wt.% of its molecular weight distribution below 10,000 g/mol. 

5. The process of claim 1, wherein the first polymer has a molecular weight 

greater than 125,000 g/mol and the second polymer has a molecular weight less than 
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90,000 g/mol. 

6. An apparatus for recovering a first and a second polymer of different 

molecular weights produced sequentially by continuous solution polymerization in 

one or more polymerization reactors, the apparatus comprising: 

a supply line for receiving a pressurized effluent of polymer, solvent, and 

unreacted monomer from the polymerization reactor(s); 

one or more heat exchangers connected to the supply line for heating the 

pressurized effluent; 

a separator for receiving the heated and pressurized effluent from the heat 

exchanger(s), the separator having a first outlet for a polymer-rich stream and a 

second outlet for a polymer-lean stream; 

a pressure regulator operable to lower the pressure in the separator to at least 

(i) a first level at which the effluent in said separator separates into two liquid/SCF 

phases comprising a polymer-rich phase and polymer-lean phase, and (ii) a second 

level lower than the first level at which the effluent in said separator separates into a 

polymer-rich liquid phase and polymer-lean vapor phase; 

first valve means operable when the pressure in the separator is at said first 

level to supply a polymer-lean phase from the separator through the one or more heat 

exchangers to the polymerization reactor(s); 

a condenser; 

second valve means operable when the pressure in the separator is at said 

second level to supply a polymer-lean vapor phase from the separator through the one 

or more heat exchangers to the condenser; and 

third valve means operable to supply condensed polymer-lean vapor phase 

from the condenser to the polymerization reactor. 

7. The apparatus of claim 6, wherein the first polymer is a high molecular 

weight polymer wherein the high molecular weight polymer is a polymer having less 

than 20 wt.% of its molecular weight distribution below 10,000 g/mol. 

8. The apparatus of claim 6, wherein the second polymer is a low molecular 
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weight polymer wherein the low molecular weight polymer is a polymer having more 

than 10 wt.% of its molecular weight distribution below 10,000 g/mol. 

9. The apparatus of claim 6, wherein the first polymer has a molecular weight 

greater than 125,000 g/mol and the second polymer has a molecular weight less than 

90,000 g/mol. 
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