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A Method for Promoting Phase-separation of Polymer solution and A 

Method for Preparing Olefin Polymer 

 

Technical field 

The invention belongs to the field of polymer preparation and relates 5 

to a method for promoting phase-separation of polymer solution, as well as 

a corresponding phase-separation method of polymer solution and a method 

for preparing olefin polymer. 

 

Background Art 10 

Solution polymerization process occupies an important position in the 

polymer materials industry. This process can be used to produce a variety 

of products including fibers, rubber, plastic, elastomer, coatings and 

adhesives. However, the separation of polymers in polymer solution 

produced by solution polymerization is more complicated than other 15 

processes. At present, the condensation stripping operation is usually carried 

out by passing steam into the polymer solution to decompose and remove 

the catalyst residue, and then the polymer is separated; the final result is to 

remove the solvent, unreacted monomers, and residual small amounts of 

water and other volatile components, and the polymer is made into porous 20 

small particle products for subsequent drying processing, while the solvent 

is collected through a recovery device for recycling. 

In the prior art, there are also processes that use liquid-liquid separation 

methods to separate polymer solution. Polymer solution can exhibit a Lower 

Critical Solution Temperature (LCST) phenomenon, also known as the 25 

lowest co-dissolution temperature. A homogeneous polymer solution, as the 

temperature increases, after reaching a certain temperature point, the 

polymer solution will form two liquid phases, called a clear liquid phase and 

a concentrated liquid phase. The concentrated liquid phase contains most of 

the polymer, and the clear liquid phase contains a very small amount of 30 

polymer. 

CN107614541A discloses a method for continuous solution 
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polymerization. This method can heat or cool the polymer solution to a 

temperature within 50℃ of the critical temperature of the solvent; then the 

polymer solution enters a liquid-liquid separator through a pressure relief 

valve, and decrease or increase the pressure of the polymer solution to a 

pressure within 50 psig of the critical pressure to cause the polymer solution 5 

to separate into two liquid phases. There is only a very small amount of 

polymer in the upper poor phase, and polymer enrichment occurs in the 

lower concentrated phase, this reduces the energy required for subsequent 

solvent separation. 

 10 

Summary of the Invention 

An object of the invention is to overcome the limitations of the prior 

art in performing liquid-liquid phase-separation of polymer in a polymer 

solution as well as the defects of high energy consumption and high cost, 

and to provide a new method that is beneficial to promoting phase-15 

separation of polymer solution, a phase-separation method of polymer 

solution and a preparation method of olefin polymer. 

In order to achieve the above object, according to a first aspect of the 

invention, it provides a method for promoting phase-separation of polymer 

solution, wherein the method includes: in a phase-separation device that 20 

performs liquid-liquid phase-separation of a polymer solution into a clear 

liquid phase and a concentrated liquid phase, perturbation is applied to the 

polymer solution so that the Reynolds number anywhere in the polymer 

solution except the boundary layer is greater than 0.2 and less than critical 

Reynolds value, where the critical Reynolds value is in the range of 1-30. 25 

Accordingly, in an exemplary embodiment, the method includes subjecting 

at least a portion of the polymer solution to heat treatment under flow such 

that the polymer solution is separated into a clear liquid phase and a 

concentrated liquid phase, wherein the Reynolds number of the polymer 

solution flowing is in the range of 0.2-30. 30 

Without being limited to any known theory, the inventor has found that 

making the polymer solution meet the specific Reynolds number 
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requirements proposed by the invention will facilitate the phase-separation 

of the polymer solution; however, in actual operation, the specific Reynolds 

number requirements need to take the influences of factors into account, 

such as the boundary layer. The boundary layer has a well-known meaning 

in the art, for example, it generally refers to the presence of a fluid layer 5 

with a large velocity gradient due to the influence of the solid boundary near 

the interface between solid and fluid (such as the wall of a phase-separation 

device). The distance from the interface to the point where the flow velocity 

no longer changes is called the boundary layer thickness, the area beyond 

the boundary layer thickness is called the mainstream area, and the flow 10 

velocity in the mainstream area is called the mainstream velocity. According 

to the Blasius equation, the boundary layer thickness is proportional to Re-

1/2; and can therefore be specifically determined in each case by a person 

skilled in the art. In the invention, the point where the velocity reaches 0.99 

times the mainstream velocity is used as the upper limit of the boundary 15 

layer thickness. 

Accordingly, considering the influence of the boundary layer, in one 

embodiment of the invention, in the phase-separation device, from a 

macroscopic point of view, in terms of volume, at least 75%, preferably at 

least 85%, at least 90%, at least 95%, at least 98%, at least 99%, at least 20 

99.5% of the polymer solution meets the specific Reynolds number 

requirements of the invention, or even in case where the influence of the 

boundary layer is small, substantially the entire polymer solution meets the 

specific Reynolds number requirements of the invention. 

Preferably, a thermal perturbation is applied to the polymer solution by 25 

heat treatment, and/or a mechanical perturbation is applied to the polymer 

solution by mechanical means. 

Preferably, the perturbations are applied in the phase-separation device 

before the polymer solution enters the phase-separation device, and/or 

during the feeding of the polymer solution into the phase-separation device. 30 

Preferably, at least a portion of the polymer solution is subjected to 

mechanical perturbation by an action of shear force, for example, the heat 
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treatment is performed under an action of shear force τ, so that the polymer 

solution is divided into a clear liquid phase and a concentrated liquid phase, 

wherein, the shear force τ satisfies the following formula, 

0.3*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ) 

preferably satisfies the following formula 5 

5*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ) (I) 

wherein, μ is the viscosity of the polymer solution before phase-

separation, in Pa*s, 

D is the diameter of the phase-separation container, in m, 

ρ is the density of the polymer solution before phase-separation, in 10 

kg/m3. 

Preferably, τ satisfies the following formula: 

20*μ2/(D2*ρ)<τ<120*μ2/(D2*ρ) (II). 

Preferably, the mechanical perturbation is applied by stirring. 

Preferably, the mechanical perturbation is applied during or after the 15 

thermal treatment. 

Preferably, the perturbations are applied in one or more of the 

following ways: 

performing a heat treatment before phase-separation device, and 

performing one or more mechanical perturbations selected from: applying a 20 

mechanical perturbation in the heat treatment device before the phase-

separation device, applying a mechanical perturbation in the pipe conveying 

the polymer solution to the phase-separation device, applying a mechanical 

perturbation during the feeding process of the polymer solution into the 

phase-separation device, and applying a mechanical perturbation in said 25 

phase-separation device; and 

performing a heat treatment in the phase-separation device and 

applying a mechanical perturbation in the phase-separation device. 

Preferably, the entire polymer solution is heat treated under shear force. 

Preferably, the heat treatment of the polymer solution is performed 30 

under stirring. 

Preferably, the polymer solution is a polymer solution obtained by a 
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solution polymerization process. 

Preferably, the polymer concentration in the polymer solution is 5-

20wt%, preferably 6-15wt%. 

Preferably, the polymer in the polymer solution is selected from one or 

more of plastic, rubber and thermoplastic elastomer. 5 

Preferably, the plastic is selected from one or more of polyethylene, 

polypropylene, polybutylene, copolymers of ethylene and one or more α-

olefins, and copolymers of propylene and one or more α-olefins.  

Preferably, the rubber is selected from one or more of butadiene-

styrene rubber, butadiene rubber, isoprene rubber and styrene-isoprene 10 

rubber. 

Preferably, the thermoplastic elastomer is selected from one or more of 

copolymers of ethylene and one or more α-olefins, copolymers of propylene 

and one or more α-olefins, and copolymers of ethylene and one or more 

cyclic olefins, copolymers of ethylene and alpha-olefins with one or more 15 

cyclic olefins, copolymers of ethylene and alpha-olefins with optionally 

non-conjugated dienes, butene-ethylene copolymers, styrene-butadiene-

styrene block copolymers and hydrogenated styrene-butadiene-styrene 

block copolymers. 

Preferably, the solvent in the polymer solution is selected from one or 20 

more of C5-C10 linear or branched alkanes, C5-C10 cycloalkanes and C6-

C20 aromatic hydrocarbons. 

Preferably, the solvent in the polymer solution is selected from one or 

more of n-pentane, isopentane, cyclopentane, n-hexane, isohexane, 

cyclohexane, methylcyclohexane, n-heptane, 2-methylheptane, n-octane, 25 

isooctane, mixed octane, benzene, toluene, o-xylene, m-xylene and p-xylene.  

According to one embodiment of the invention, for the heat treatment 

performed in the phase-separation device, preferably, the temperature of 

heat treatment is in a range of the lower critical solution temperature of the 

polymer solution ±50℃; more preferably, the temperature of heat treatment 30 

is in the range of the lower critical solution temperature of the polymer 

solution -50℃. 
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More preferably, the polymer solution is subjected to the heat treatment 

under stirring in a phase-separation device. 

Preferably, the temperature of heat treatment is 100-300℃, and the 

pressure of heat treatment is 10-50 bar. 

Preferably, the polymer concentration in the clear liquid phase is less 5 

than 1wt%, and the polymer concentration in the concentrated liquid phase 

is 8-50wt%; 

Preferably, the polymer concentration in the concentrated liquid phase 

is 1.35 times or more, more preferably 1.8 times or more, and further 

preferably 2.0 times or more the polymer concentration in the polymer 10 

solution. 

According to the second aspect of the invention, it provides a phase-

separation method of polymer solution, wherein the method includes the 

following steps: 

1) a step of promoting the phase-separation of polymer solution by the 15 

method of promoting phase-separation of polymer solution according to the 

invention; 

2) a step of separating the clear liquid phase from the concentrated 

liquid phase. 

According to the third aspect of the invention, it provides a preparation 20 

method of an olefin polymer, wherein the method includes the following 

steps: 

(A) a catalyst system is fed into the polymerization reactor and 

contacted with one or more olefin monomers and optional hydrogen to 

perform olefin polymerization, to obtain a polymerization reaction mixture; 25 

(B) a phase-separation of the polymerization reaction mixture of step 

A is performed by the phase-separation method of polymer solution of the 

invention. 

Compared with the prior art, the invention has the following 

characteristics: 30 

by performing heat treatment under specific Reynolds number 

conditions, the invention permits to reduce the temperature of phase-
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separation of the solution and reduce the time of phase-separation of 

solution, compared with the existing technology that only performs the 

phase-separation through heat treatment, and the material and energy 

consumptions of the entire process are lower than those of the existing 

technology by about 20-40% respectively. 5 

 

Description of Figures 

The figures are used to provide a further understanding of the invention 

and constitute a portion of the specification. Together with the following 

specific embodiments, the figures are used to explain the invention but do 10 

not constitute a limitation of the invention. In the figures: 

Figure 1 is a schematic diagram of the spiral coil in the spiral coil heat 

exchanger used in Example II.1-12. 

Figure 2 is a schematic diagram of the pipeline structure of the Chinese 

knot heat exchanger used in Example II.13-15. 15 

Figure 3 is a schematic diagram of the internal pipe arrangement of the 

tubular heat exchanger used in Comparative Example II.1-2. 

 

Detailed Description of the Invention 

The endpoints of ranges and any values disclosed herein are not limited 20 

to the precise ranges or values, but these ranges or values are to be 

understood to include the values approaching such ranges or values. For 

numerical ranges, the endpoint values of each range, the endpoint values of 

each range and individual point values, and the individual point values can 

be combined with each other to obtain one or more new numerical ranges. 25 

These numerical ranges shall be deemed to be specifically disclosed herein. 

In the prior art, it is generally believed that for the purpose of phase-

separation of a polymer solution, sufficient standing is one of the important 

conditions for phase-separation. However, after in-depth research, the 

inventor of the invention has found that for the separation of a polymer 30 

solution, for example, for the separation of rubber or polyolefin elastomers, 

applying and maintaining appropriate perturbation in the solution is more 
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conducive to achieving phase-separation. Without being bound by any 

known theory, it is believed that for polymers, appropriate perturbation is 

beneficial for the polymer chains to fully stretch, thereby causing faster and 

clearer stratification. When the perturbation is too weak, there will be 

problems of slow stratification or poor stratification effect; when the 5 

perturbation is too strong, there will be problems of destroying the phase 

interface. 

Accordingly, after in-depth research, on the basis that "Reynolds 

number" is known in the art as a dimensionless value that characterizes fluid 

flow conditions, the "appropriate" perturbation can be defined by the 10 

Reynolds number. Specifically, the inventor has found through data 

statistics that when the Reynolds number of the polymer solution is greater 

than 0.2, the system will transform to be more conducive to phase-separation. 

However, as the Reynolds number of the polymer solution continues to rise, 

a critical value is reached at which phase interface disruption occurs; for the 15 

purposes of this invention, this critical value is referred to as "critical 

Reynolds value". After more in-depth research and detailed statistics, it is 

believed that for the purpose of phase-separation of polymer solution, 

especially for a plastic selected from polyethylene, polypropylene, 

polybutylene, copolymers of ethylene with one or more alpha-olefins, and 20 

copolymers of propylene with one or more alpha-olefins, a rubber selected 

from the group consisting of butadiene-styrene rubber, butadiene rubber, 

isoprene rubber and styrene-isoprene rubber, and a thermoplastic elastomer 

selected from copolymers of ethylene and one or more α-olefins, 

copolymers of propylene and one or more α-olefins, copolymers of ethylene 25 

and one or more cyclic olefins, copolymers of ethylene and α-olefins with 

one or more cyclic olefins, copolymers of ethylene and alpha-olefins with 

optionally non-conjugated dienes, butene-ethylene copolymers, styrene-

butadiene-styrene block copolymers and hydrogenated styrenes- butadiene-

styrene block copolymers, such as ethylene-propylene rubber (EPR), 30 

polybutadiene rubber (PB), propylene-based elastomer (PBE) or polyolefin 

elastomer (POE), it is believed that the critical Reynolds value is in a range 
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of 1-30. 

Thus, the invention provides a method for promoting phase-separation 

of a polymer solution, wherein the method includes: in a phase-separation 

device that causes the polymer solution to undergo liquid-liquid phase-

separation into a clear liquid phase and a concentrated liquid phase, the 5 

perturbation is applied such that the Reynolds number anywhere in the 

polymer solution is greater than 0.2 and less than critical Reynolds value, 

where the critical Reynolds value is in a range of 1-30. Accordingly, in an 

exemplary embodiment, the method includes subjecting at least a portion of 

the polymer solution to heat treatment under flow such that the polymer 10 

solution is separated into a clear liquid phase and a concentrated liquid phase, 

wherein the Reynolds number of the polymer solution flowing is between 

0.2-30. 

According to one embodiment of the invention, the Reynolds number 

anywhere in the polymer solution is greater than 0.5, or greater than 1 by 15 

applying perturbation. According to one embodiment of the invention, the 

critical Reynolds value is less than or equal to 20, or less than or equal to 

10. 

According to one embodiment of the invention, the thermal 

perturbation is applied to the polymer solution by heat treatment, and/or the 20 

mechanical perturbation is applied to the polymer solution by mechanical 

means. 

According to one embodiment of the invention, the perturbation is 

applied in the phase-separation device, the perturbation is applied before the 

polymer solution enters the phase-separation device, and/or the perturbation 25 

is applied during the feeding of the polymer solution into the phase-

separation device. 

According to one embodiment of the invention, no pressure reduction 

step is included before the polymer solution enters the phase-separation 

device, and the polymer solution does not experience significant pressure 30 

reduction in the phase-separation device, for example the pressure of the 

polymer solution in the phase-separation device does not deduce or deduces 



- 10- 

by no more than 20%, preferably no more than 10%; and in some cases, the 

polymer solution of the invention may, as appropriate, undergo an 

appropriate pressure increase before entering the phase separation device 

and/or in the phase separation device, as long as it still meets the 

requirements of the invention, in particular the requirements with respect to 5 

the Reynold number and critical Reynolds number. Preferably, the pressure 

of the polymer solution in the phase-separation device in steady state is 

reduced by no more than 20% compared to the pressure at the outlet of the 

reactor used for the polymerization reaction of the polymer solution. For 

example, the pressure of the polymer solution in the phase-separation device 10 

in steady state may be substantially equal to the pressure at the outlet of the 

reactor used for the polymerization of the polymer solution. 

In the invention, the method for phase separating a portion of the 

polymer solution may, for example, apply shear force to the polymer 

solution, so that the Reynolds number of the polymer solution flowing is 15 

between 0.2 and 30. 

Preferably, the Reynolds number of the polymer solution flowing is in 

a range of 0.2-30. Specific examples of the Reynolds number of the polymer 

solution flowing include: 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 

1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, 3.1, 20 

3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 

4.9, 5.0, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 

6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8.0, 8.5, 9.0, 

9.5, 10.0, 10.5, 11.0, 11.5, 12.0, 12.5, 13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 

16.5, 17.0, 17.5, 18.0, 18.5, 19.0, 19.5, 20.0, 20.5, 21.0, 21.5, 22.0, 22.5, 25 

23.0, 23.5, 24.0, 24.5, 25.0, 25.5, 26.0, 26.5, 27.0, 27.5, 28.0, 28.5, 29.0, 

29.5, 30.0 etc. 

For the invention, it is preferred to apply a thermal perturbation to the 

polymer solution, for example by heat treatment. On the basis of thermal 

perturbation, the invention preferably further applies a mechanical 30 

perturbation to the polymer solution. According to one embodiment of the 

invention, a mechanical perturbation is carried out during or after the heat 
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treatment. Accordingly, it is desirable for the invention that in one 

embodiment no mechanical perturbation is carried out prior to the heat 

treatment. 

Thus, the implementation of mechanical perturbation during the heat 

treatment can be carried out as follows: 5 

- performing the heat treatment in phase-separation device and 

applying the mechanical perturbation in said phase-separation device; and 

For the invention, the mechanical perturbation after heat treatment can 

be carried out as follows: 

- performing the heat treatment before phase-separation and 10 

performing one or more mechanical perturbations selected from: applying a 

mechanical perturbation in the heat treatment device before the phase-

separation device, applying a mechanical perturbation in the pipes 

conveying the polymer solution to the phase-separation device, applying a 

mechanical perturbation during the feeding of the polymer solution into the 15 

phase-separation device and applying a mechanical perturbation in the 

phase-separation device. 

For an embodiment in which the mechanical perturbation is applied 

after heat treatment, various mechanical perturbations exemplified above 

can be combined with each other. For example, for the purpose of the 20 

invention, the perturbations can be implemented in one or more of the 

following ways: 

(1) performing a heat treatment before phase-separation device, and 

applying a mechanical perturbation in the pipeline that conveys the polymer 

solution to the phase-separation device; 25 

(2) performing a heat treatment before phase-separation device, and 

applying a mechanical perturbation during the feeding of the polymer 

solution into the phase-separation device; 

(3) performing a heat treatment before phase-separation device, and 

applying a mechanical perturbation in the phase-separation device; 30 

(4) performing a heat treatment before phase-separation device, 

applying a mechanical perturbation during the feeding of the polymer 
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solution into the phase-separation device, and applying a mechanical 

perturbation in the phase-separation device; 

(5) performing a heat treatment before phase-separation device, and 

applying a mechanical perturbation in a equipment performing the heat 

treatment before phase-separation device. 5 

According to one embodiment of the invention, the heat treatment 

before phase-separation device is carried out by means of a heat exchanger 

and/or by applying jacket-heating to the pipes connected to the phase-

separation device. For the purpose of the invention, various heat treatment 

means before phase-separation device can be combined and implemented as 10 

appropriate. 

According to one embodiment of the invention, mechanical 

perturbation is applied during the feeding of the polymer solution into the 

phase-separation device by feeding the polymer solution through a nozzle 

or distributor. For the purpose of the invention, various mechanical 15 

perturbations applied during the feeding process of the phase-separation 

device can be implemented in combination as appropriate. 

According to one embodiment of the invention, the heat treatment in 

phase-separation device is carried out by jacket heating and/or built-in 

heating coils. For the purpose of the invention, various heat treatment means 20 

in the phase-separation device can be combined and implemented as 

appropriate. 

According to one embodiment of the invention, the mechanical 

perturbation is applied in the phase-separation device by applying stirring, 

providing baffles or other fixed components. For the purpose of the 25 

invention, the various means of applying mechanical perturbation in the 

phase-separation device may be combined as appropriate. 

According to one embodiment of the invention, the mechanical 

perturbation is applied by arranging components such as coils/Chinese knots 

in the device for performing the heat treatment before phase-separation 30 

device. For the purpose of the invention, the various means of applying 

mechanical perturbation in the device for performing the heat treatment 
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before phase-separation device may be combined and implemented as 

appropriate. 

For the purpose of the invention, the various heat treatment means 

before the phase-separation device, the various mechanical perturbations 

applied during the feeding of the phase-separation device, the various heat 5 

treatment means in the phase-separation device, the various mechanical 

perturbations applied in the phase-separation device and the means of 

applying various mechanical perturbations in an equipment for performing 

the heat treatment before phase-separation device may be combined and 

implemented as appropriate, as long as the mechanical perturbation is 10 

applied during or after the heat treatment, so that in the phase-separation 

device, the Reynolds number anywhere in the polymer solution is greater 

than 0.2 and less than the critical Reynolds value, wherein the critical 

Reynolds value is in a range of 1-30. 

In an exemplary embodiment, the heat treatment in phase-separation 15 

device is performed and the mechanical perturbation is applied in the phase-

separation device. Preferably, at least a portion of the polymer solution is 

mechanically disturbed by the action of shear force τ , for example the heat 

treatment is performed under the action of the specific shear force of the 

invention, so that the polymer solution is divided into a clear liquid phase 20 

and a concentrated liquid phase, where the shear force τ satisfies the 

following formula, 

0.3*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ) 

preferably satisfies the following formula 

5*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ) (I) 25 

wherein, μ is the viscosity of the polymer solution before phase-

separation, in Pa*s, 

D is the diameter of the phase-separation container, in m, 

ρ is the density of the polymer solution before phase-separation, in 

kg/m3. 30 

According to the invention, by performing the heat treatment under the 

action of shearing force, compared with the existing technology that only 



- 14- 

performs phase-separation through heat treatment, the temperature of phase-

separation of solution is reduced, the time of phase-separation of solution is 

reduced, and both the material consumption and the energy consumption can 

be significantly reduced. 

From the perspective of further reducing phase-separation time, 5 

material consumption and energy consumption, preferably, τ satisfies the 

following formula: 1*μ2/(D2*ρ)<τ<800*μ2/(D2*ρ); more preferably, τ 

satisfies the following formula: 5*μ2/(D2*ρ)<τ<600*μ2/(D2*ρ); more 

preferably, τ satisfies the following formula: 

10*μ2/(D2*ρ)<τ<400*μ2/(D2*ρ); more preferably, τ satisfies the following 10 

formula: 15*μ2/(D2*ρ)<τ<200*μ2/(D2*ρ); more preferably, τ satisfies the 

following formula: 20*μ2/(D2*ρ)<τ<120*μ2/(D2*ρ). 

According to the invention, at least a portion of the polymer solution is 

subjected to heat treatment under the action of the specific shear force of the 

invention, preferably, the entire polymer solution is subjected to the heat 15 

treatment under the action of the specific shear force. That is to say, a 

portion of the polymer solution can be heat treated under the action the 

specific shear force of the invention, or also the entire polymer solution can 

be heat treated under the action of the specific shear force of the invention. 

By subjecting the entire polymer solution to heat treatment under the action 20 

of shear force, the time of phase-separation can be further reduced, and the 

material consumption and the energy consumption can be further reduced. 

According to the invention, the shear force satisfies the above formula. 

When the shear force is below 0.3*μ2/(D2*ρ), there is a problem that the 

polymer chain cannot fully stretch due to insufficient perturbation, resulting 25 

in slow delamination or poor delamination effect; in addition, when the 

shear force is above 1000*μ2/(D2*ρ), there is a problem that the phase 

interface is destroyed due to too strong perturbation. 

According to the invention, the shearing force can be achieved by 

equipment generally capable of generating shearing force in the art, 30 

preferably by a stirrer. That is to say, it is preferred that the heat treatment 

of the polymer solution is carried out under stirring. The stirrer can be any 
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form of stirrer, preferably one or more of a paddle stirrer, an anchor stirrer, 

helical ribbon agitator and a gate stirrer. One or more stirrers may be used.  

In addition, the stirrer can be inserted into the phase-separation 

container in a center top-plug-in type, an eccentric top-plug-in type, a 

bottom plug-in type, a side plug-in type, an oblique plug-in type, etc. In 5 

addition, the sealing form of the stirrer can include: mechanical sealing, 

packing sealing, magnetic sealing, etc.  

In a preferred embodiment of the invention, in order to enhance the 

stirring effect, one or more baffles or guide tubes can be placed in the phase-

separation container. 10 

In another exemplary embodiment, a heat treatment before phase-

separation device is performed, and a mechanical perturbation is applied in 

the device for performing the heat treatment before phase-separation device, 

so that the polymer solution is kept in a disturbed and heated state during 

the feeding it into the phase-separation tank. Preferably, for example, the 15 

polymer solution can be conveyed to a heat exchanger with heating function 

and capable of disturbing the polymer solution flowing to perform the heat 

treatment before phase-separation device, and then sent to a phase-

separation tank for the phase-separation. 

As the above-mentioned heat exchanger, it is preferable that the pipes 20 

of the polymer solution flowing path in the heat exchanger are provided with 

protrusions that can disturb the liquid flowing. Such protrusions can be in 

the shape of rods, plates, disks, columns, etc., such as breaking rods, baffles, 

etc., and can be fixed in the pipe fittings at any angle and in any way. 

In addition, as the above-mentioned heat exchanger, a Chinese knot 25 

heat exchanger and/or a spiral coil heat exchanger having a complex 

structure in the heat exchanger can also be used. By using the Chinese knot 

heat exchanger and/or the spiral coil heat exchanger, the polymer solution 

can be in fully disturbed and heated state during the feeding of it into the 

phase-separation tank, so that the time of phase-separation of solution can 30 

be reduced and the material and energy consumptions of the entire process 

can be reduced. 
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According to one embodiment of the invention, the heat exchanger with 

heating function is a Chinese knot heat exchanger with "Chinese knot" type 

pipe fittings, in which the polymer solution passes through the "shell" layer, 

and the heat medium such as steam or hot oil passes through the "pipe" layer. 

The Chinese knot heat exchanger with "Chinese knot" type pipe fittings 5 

refers to the following: the inner pipe of the heat exchanger are bent and 

folded into multiple Chinese knots in a Chinese knot manner in the shell, 

the angle of the pipe at the bend can be appropriately selected, for example, 

it can be 45 degrees or 135 degrees. 

Preferably, the inner pipe of the Chinese knot heat exchanger is bent 10 

and folded into multiple Chinese knots, more preferably 1 to 5 Chinese knots, 

and further preferably 2 to 3 Chinese knots. 

Examples of the number of Chinese knots can include: 1, 2, 3, 4, 5, etc. 

According to one embodiment of the invention, a heat exchanger with 

heating function is a spiral coil heat exchanger with spiral disk pipe fittings, 15 

in which the polymer solution passes through the "shell" layer, and the heat 

medium such as steam or hot oil passes through the "pipe" layer. 

Preferably, the pipes in the spiral coil heat exchanger are bent in a spiral 

manner to form multiple spirals, more preferably 3-20 spirals, more 

preferably 4-15 spirals, and further preferably 5-10 spirals. 20 

Examples of the number of spirals can include: 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, etc. 

The heat treatment before phase-separation device permits the 

temperature of the polymer solution when being sent into the phase-

separation tank to be the temperature of phase-separation; the temperature 25 

of phase-separation can be, for example, in a range of the lower critical 

solution temperature of the polymer solution ±50℃; more preferably, the 

temperature of phase-separation is in a range of the lower critical solution 

temperature of the polymer solution ± 30℃; further preferably, the 

temperature of phase-separation is in a range of the lower critical 30 

temperature of the polymer solution ±20℃. 

Specifically, the heat treatment permits the temperature of the polymer 
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solution when being fed into the phase-separation tank to be 100-300℃, 

preferably 110-250℃, and more preferably 120-200℃. 

According to the invention, the polymer solution can be various 

polymer solutions commonly used in the art for heat treatment phase-

separation, for example, the polymer solution can be a polymer solution 5 

obtained by a solution polymerization process, such as homogeneous liquid 

polymerization system contained in a reactor; it can also be a polymer 

solution obtained by dissolving a polymer in a liquid, such as an inert 

solvent or one or more monomers or their blends, preferably, it is a polymer 

solution obtained by a solution polymerization process. 10 

According to the invention, the solution polymerization process is a 

"polymerization reaction carried out in a solution state by dissolving 

monomers in an appropriate solvent and adding an initiator (or catalyst)" 

commonly used in the art; as the catalyst, for example, Ziegler-Natta 

catalysts, transition metal single-site or multi-sites catalysts, rare earth metal 15 

catalysts, etc. can be used. The catalyst can be dissolved in the solvent or 

suspended in the solvent. In some embodiments, the catalysts can be used in 

conjunction with electron donors. In other embodiments, the catalyst needs 

to be used in conjunction with a cocatalyst such as a boron-containing 

compound and/or an aluminum alkyl and/or a methylaluminoxane. 20 

According to the invention, the solution polymerization temperature 

can vary within a wide range, preferably between 45℃ and 200℃. The 

solution polymerization pressure can vary within a wide range, preferably 

between 0.5 and 15Mpa. The solution polymerization process can be in 

batch, also can be semi-continuous or continuous. 25 

According to the invention, the polymer concentration in the polymer 

solution can vary within a wider range, preferably, the polymer 

concentration in the polymer solution is 5-20 wt%; more preferably, the 

polymer concentration in the polymer solution is 6-15wt%. 

According to the invention, preferably, the polymer in the polymer 30 

solution is selected from one or more of plastic, rubber and thermoplastic 

elastomer. 
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The plastic may be selected from for example one or more of 

polyethylene, polypropylene, polybutylene, copolymers of ethylene and one 

or more α-olefins, and copolymers of propylene and one or more α-olefins. 

The rubber may be selected from for example one or more of butadiene-

styrene rubber, butadiene rubber, isoprene rubber and styrene-isoprene 5 

rubber. 

The thermoplastic elastomer may be selected from for example one or 

more of ethylene and one or more α-olefins, copolymers of propylene and 

one or more α-olefins, copolymers of ethylene and one or more cyclic 

olefins, copolymers of ethylene and alpha-olefins with one or more cyclic 10 

olefins, copolymers of ethylene and alpha-olefins with optionally non-

conjugated dienes, butene-ethylene copolymers, styrene-butadiene-styrene 

block copolymers and hydrogenated styrene-butadiene-styrene block 

copolymers. 

The copolymer of ethylene and one or more α-olefins refers to an 15 

ethylene-based copolymer, which has a density in a range of about 0.85-

0.915 g/cm3 (determined according to ASTM D4703 method B and ASTM 

D1505). The ethylene-based copolymers described herein are copolymers 

containing at least about 50% by weight of ethylene-derived units and higher 

alpha-olefin-derived units such as propylene, 1-butene, 1-hexene, and 1-20 

octene. 

The copolymer of propylene and one or more α-olefins refers to a 

propylene-based copolymer. The propylene-based copolymers described 

herein are copolymers containing at least about 50 wt% propylene-derived 

units and ethylene-derived units, or are copolymers containing at least about 25 

50 wt% propylene-derived units and higher alpha-olefin-derived units (such 

as 1-butene, 1-hexene and 1-octene). 

In a preferred embodiment of the invention, the copolymer of ethylene 

and one or more α-olefins is EPR, ethylene-1-butene copolymer elastomer 

or ethylene-1-octene copolymer elastomer. 30 

According to the invention, preferably, the solvent in the polymer 

solution is selected from one or more of C5-C10 linear or branched alkane, 
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C5-C10 cycloalkanes, and C6-C20 aromatic hydrocarbons; more preferably, 

the solvent in the polymer solution is selected from one or more of n-pentane, 

isopentane, cyclopentane, n-hexane, isohexane, cyclohexane, 

methylcyclohexane, n-heptane, 2-methylheptane, n-octane, isooctane, 

mixed octane, benzene, toluene, o-xylene, m-xylene and p-xylene 5 

In some preferred embodiments of the invention, a metallocene catalyst 

and a boron-containing compound and/or a methylaluminoxane compound 

are used as a catalyst system, optionally an alkyl aluminum is used as a 

scavenger, the solution polymerization is carried out in an alkane such as 

isopentane, n-pentane, n-hexane, cyclohexane and isohexane, and the 10 

prepared polymers are polymer solutions of ethylene-α-olefin copolymers, 

propylene-α-olefin copolymers, copolymer of ethylene-propylene and 

optional non-conjugated diene. In a more preferred embodiment, a 

metallocene catalyst and a boron-containing compound are used as a catalyst 

system, and an alkyl aluminum is used as a scavenger, the solution 15 

polymerization is carried out in an alkane such as isopentane, n-pentane or 

n-hexane, the prepared polymer is a polymer solution of ethylene-α-olefin 

copolymer. In other more preferred embodiments, a metallocene catalyst 

and a boron-containing compound are used as a catalyst system, alkyl 

aluminum is used as scavenger, and the solution polymerization is carried 20 

out in an alkane such as isopentane, n-pentane or n-hexane, and the prepared 

polymer is a polymer solution of propylene-α-olefin copolymer. 

In some preferred embodiments, a non-metallocene catalyst and a 

boron-containing compound and/or a methylaluminoxane compound are 

used as catalyst system, optionally alkyl aluminum as scavenger, a solution 25 

polymerization is carried out in alkanes such as isopentane, n-pentane, n-

hexane, cyclohexane, and isohexane, and the prepared polymer is a polymer 

solution of ethylene-α-olefin copolymers, propylene-α-olefin copolymers, 

and copolymers of ethylene-propylene and optional non-conjugated diene. 

In a more preferred embodiment, a non-metallocene catalyst, a boron-30 

containing compound and methylaluminoxane are used as catalyst system, 

and a solution polymerization is carried out in alkanes such as isopentane, 
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n-pentane, and n-hexane, the prepared polymer is a polymer solution of a 

copolymer of ethylene-propylene and non-conjugated diene. 

In a specific embodiment of the invention, the polymer in the polymer 

solution is polyolefin elastomer, and the solvent in the polymer solution is 

a mixture of cyclohexane and n-hexane. 5 

In another specific embodiment of the invention, the polymer in the 

polymer solution is a polyolefin elastomer, and the solvent in the polymer 

solution is a mixture of cyclohexane and n-hexane. 

In another specific embodiment of the invention, the polymer in the 

polymer solution is polyolefin elastomer, and the solvent in the polymer 10 

solution is n-pentane. 

In another specific embodiment of the invention, the polymer in the 

polymer solution is polyolefin elastomer, and the solvent in the polymer 

solution is isopentane. 

In another specific embodiment of the invention, the polymer in the 15 

polymer solution is a propylene-based elastomer, and the solvent in the 

polymer solution is n-pentane. 

In another specific embodiment of the invention, the polymer in the 

polymer solution is a propylene-based elastomer, and the solvent in the 

polymer solution is isopentane. 20 

In another specific embodiment of the invention, the polymer in the 

polymer solution is polybutadiene rubber, and the solvent in the polymer 

solution is a mixture of cyclohexane and n-hexane. 

In another specific embodiment of the invention, the polymer in the 

polymer solution is ethylene propylene rubber, and the solvent in the 25 

polymer solution is a mixture of cyclohexane and n-hexane. 

According to the embodiment of the invention in which a heat 

treatment in a phase-separation device is performed and a mechanical 

perturbation is applied in the phase-separation device, the temperature of 

heat treatment may be in the range of the lower critical solution temperature 30 

of the polymer solution ±50℃; preferably, the temperature of heat treatment 

is in the range of the lower critical solution temperature of the polymer 
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solution -50℃. 

In the invention, by performing heat treatment under the action of shear 

force, compared with the existing technology of performing the phase-

separation only by heat treatment, the temperature of phase-separation of 

the solution is reduced; therefore, in the invention, the heat treatment may 5 

be performed at a temperature below the lower critical solution temperature 

of the polymer solution, and the time of phase-separation of the polymer 

solution can be reduced and the material and energy consumptions can be 

reduced. 

The temperature of heat treatment may be, for example: in the range of 10 

the lower critical solution temperature of the polymer solution ±50℃; 

preferably, the temperature of heat treatment is: in the range of the lower 

critical solution temperature of the polymer solution -50℃; more preferably, 

the temperature of heat treatment is: in the range of the lower critical 

solution temperature of the polymer solution -30℃; further preferably, the 15 

temperature of heat treatment is: in the range of the lower critical solution 

temperature of the polymer solution -20℃. 

For the purpose of the invention, "the range of the lower critical 

solution temperature of the polymer solution ±50℃" refers to: from the 

lower critical solution temperature of the polymer solution -50℃ to the 20 

lower critical solution temperature of the polymer solution +50℃; "the 

range of the lower critical solution temperature of the polymer solution -

50℃" refers to: from the lower critical solution temperature of the polymer 

solution -50℃ to the lower critical solution temperature of the polymer 

solution; "the range of the lower critical solution temperature of the polymer 25 

solution -30℃" refers to: from the lower critical solution temperature of the 

polymer solution -30℃ to the lower critical solution temperature of the 

polymer solution; "the range of the lower critical solution temperature of the 

polymer solution -20℃" refers to: from the lower critical solution 

temperature of the polymer solution -20℃ to the lower critical solution 30 

temperature of the polymer solution. Since the types of specific polymer 

solutions are different, the lower critical solution temperatures of the 
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specific polymer solutions are also different. Therefore, the ranges of 

different types of polymer solutions are also different. 

The "lower critical solution temperature of the polymer solution" is 

well known in the art, and can be determined for example by turbidity 

method. For details, see "Macromolecular Solution", written by Wu Qi, 5 

Higher Education Press, 2021, pp. 424-431. 

According to the embodiment of the invention in which the heat 

treatment in phase-separation device is performed and the mechanical 

perturbation is applied in the phase-separation device, the heat treatment in 

phase-separation device can be carried out in a container that is generally 10 

capable of performing heat treatment phase-separation in the art, for 

example, the phase-separation container can be any closed container that 

can withstand high temperature and high pressure, such as vertical container, 

horizontal container, rectangular container, etc., and the form of header can 

be flat header, elliptical header, cone bottom, etc., and can be equipped with 15 

a jacket that passes a heating media such as thermal oil or steam, or it can 

be without a jacket. 

According to the embodiment as mentioned above, the temperature and 

pressure heat treatment in the phase-separation device can be selected 

according to the lower critical solution temperature of the polymer solution, 20 

but generally, the temperature of heat treatment can be 100-300℃, the heat 

treatment pressure is 2-50bar. In addition, the temperature of heat treatment 

is more preferably 120-280℃, further preferably 120-180℃; the pressure of 

heat treatment is more preferably 3-20bar, further preferably 3-10bar. 

According to this embodiment, preferably, after performing the phase-25 

separation by the invention, the polymer concentration in the clear liquid 

phase is less than 1 wt%, and the polymer concentration in the concentrated 

liquid phase is 8-50 wt%. 

Specifically, the polymer concentration in the concentrated liquid 

phase is above 1.35 times, more preferably above 1.8 times, and further 30 

preferably above 2.0 times the polymer concentration in the polymer 

solution; in addition, preferably it is below 10 times, more preferably below 
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5 times, still more preferably below 4 times, and still more preferably below 

3.5 times the polymer concentration in the polymer solution. 

According to the embodiment of the invention that performs the heat 

treatment before phase-separation device and applies the mechanical 

perturbation in the device for performing the heat treatment before phase-5 

separation device, the temperature of phase-separation and pressure may be 

selected according to the lower critical solution temperature of the polymer 

solution, but usually, the temperature of phase-separation can be 100-300℃, 

and the pressure of phase-separation is 2-50bar. In addition, the temperature 

of phase-separation is more preferably 120-280℃, further preferably 120-10 

180℃; the pressure of phase-separation is more preferably 3-20 bar, further 

preferably 3-10 bar. In addition, the time of phase-separation is preferably 

within 60 minutes, more preferably 5-45 minutes, further preferably 7-30 

minutes. 

According to this embodiment, preferably, after performing phase-15 

separation by the invention, the polymer concentration in the clear liquid 

phase is less than 1wt%, more preferably less than 0.5wt%, and the polymer 

concentration in the concentrated liquid phase is 10wt%, preferably above 

15wt%, more preferably above 18wt%, still more preferably 25-50wt%. 

The invention also provides a phase-separation method of polymer 20 

solution, wherein the method includes the following steps: 

1) a step of promoting the phase-separation of polymer solution by 

using the method of promoting phase-separation of polymer solution 

according to the invention; 

2) a step of separating the clear liquid phase from the concentrated 25 

liquid phase. 

According to the invention, there is no particular limitation on the 

separation method, various methods commonly used in the art to separate 

the clear liquid phase from the concentrated liquid phase can be adopted, 

and will not be described in detail herein. 30 

According to yet another aspect of the invention, it provides a 

preparation method of an olefin polymer, wherein the method includes the 
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following steps: 

(A) a catalyst system is fed into the polymerization reactor and 

contacted with one or more olefin monomers and optional hydrogen to 

perform olefin polymerization, to obtain a polymerization reaction mixture; 

(B) the polymerization reaction mixture of step A is phase-separated 5 

by employing the phase-separation method of polymer solution of the 

invention. 

According to the preparation method of the invention, the method 

further includes the following step: the concentrated liquid phase is 

recovered from the phase-separation solution obtained in step B, and the 10 

concentrated liquid phase is devolatilized to obtain a polymer. 

The main improvements of the preparation method of olefin polymer 

of the invention lie in performing the phase-separation of the polymerization 

reaction mixture obtained by the polymerization reaction; as for the 

monomers, solvents, post-treatment methods and conditions used in the 15 

polymerization, various monomers, solvents, post-treatment methods and 

conditions commonly used in this field can be used. 

For example, olefin monomers can be ethylene, propylene, butylene, 

pentene, octene, butadiene, isoprene, styrene, and the like. 

In a preferred embodiment of the invention, step A includes feeding the 20 

catalyst system to a polymerization reactor, contacting it with one or more 

olefinic ethylene and/or propylene monomers, optionally one or more 

comonomers, and optionally hydrogen to conduct the polymerization of the 

olefins, to obtain a polymerization mixture. 

Examples of the above-mentioned comonomers include 1-butene, 1-25 

hexene, 1-octene, and the like. 

Examples of the above-mentioned olefin polymers include one or more 

of the above-mentioned plastic, rubber, and thermoplastic elastomer. 

According to the invention, by performing the heat treatment under 

specific Reynolds number conditions, the temperature of phase-separation 30 

of solution is reduced, the time of phase-separation of solution is reduced, 

compared with the existing technology that only performs phase-separation 
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through heat treatment; and the material consumption and energy 

consumption of the entire process can be reduced by about 20-40% 

respectively compared with the existing technology. 

 

Example 5 

The invention will be described in detail through the following 

examples, but the invention is not limited to the following examples. 

Unless otherwise specified, the operations and treatment methods 

involved in the invention belong to conventional methods in the art. 

Unless otherwise specified, the instruments used in the invention are 10 

conventional instruments in the art. 

Unless otherwise specified, all raw materials used are commercially 

available. 

In the examples and comparative examples, ethylene-propylene rubber 

(EPR), polybutadiene rubber (PB), propylene-based elastomer (PBE) or 15 

polyolefin elastomer (POE) is used as an example, and the solvent is n-

pentane (nPN), isopentane (iPN), n-hexane (nHX), a mixture of cyclohexane 

and n-hexane (HX, the weight percentage of n-hexane is 80%). 

Wherein, POE is an ethylene/octene copolymer produced by using 

(tert-butylamido)dimethyl (1,2,3,4,5-η)-1,5,6,7-tetrahydro- 2-20 

methylindenylsilane titanium (II) 1,3-pentadiene metal complex (prepared 

according to USP 5,965,756) and tris(pentafluorophenyl)borane cocatalyst 

and triisobutylaluminum scavenger with a molar ratio Ti : B : Al of 1 : 3 : 

1; POE has a density of 0.868g/cm3, a weight average molecular weight of 

130,000, a molecular weight distribution of 2.0, and an ethylene mass 25 

fraction of 60-62%. 

PBE is a propylene/ethylene copolymer prepared by using 

dimethylsilyl bis(5,6,7,8-tetrahydro-2,5,5,8,8-

pentamethylbenzindenyl)dimethylhafnium (prepared according to 

US60/586465) and a commercially available triphenylcarbonium tetrakis 30 

(pentafluorophenyl)boron compound and triisobutylaluminum scavenger 

with a molar ratio Hf : B : Al of 1 : 2 : 1, and PBE has a density of 0.87g/cm3, 
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a weight average molecular weight of 120,000, a molecular weight 

distribution of 2.1, and an ethylene mass fraction of 12-15%. 

EPR is an ethylene/propylene copolymer by using bis((2-oxy-3-

(dibenzo-1H-pyrrol-1-yl)-5-(methyl)phenyl)-2-phenoxy)-1,3-propanediyl 

zirconium(IV) dichloride (prepared according to CN102786619B) and a 5 

commercially available methylaluminoxane solution with a molar ratio Zr : 

B : Al of 1 : 2 : 1, and EPR has a density of 0.87 g/cm3, a weight average 

molecular weight of 120,000, and a molecular weight distribution of 2.1. 

Regarding the preparation method of PB, one can refer to Example 1 

in CN1093375A, and a polybutadiene rubber with a weight average 10 

molecular weight of 390,000 and a molecular weight distribution of 3.8 is 

obtained. 

In the following examples, the amount of glue entering the heating tank 

with a stirring paddle is 3.1L. The dynamic equipment that provides shear 

force is a four-blade inclined paddle mixer with a blade inclination angle of 15 

45 degrees and a blade diameter of 0.05m. The heating tank serves as a 

phase-separation container and uses thermal oil in the jacket to heat up, and 

its inner diameter is 0.15m. 

 

Example I.1-17 and Comparative Example I.1-4 20 

The polymer solution was conveyed to a phase-separation heating tank 

through a gear pump; when the pressure in the phase-separation heating tank 

was increased to the required pressure, the polymer solution began to be 

heated up and stirred; when the temperature was higher than 110℃, every 

time the temperature increased by 5℃ by heating, stayed for 10 minutes to 25 

observe whether there is a trend of phase separation; and during the heating, 

kept the pressure constant; started timing when the temperature was heated 

to the point where phase separation occurred, and calculated the time; and 

after the phase-separation was completed, samples were taken from the 

upper and lower parts respectively, and were poured into ethanol of an 30 

amount of three times the amount of samples; the precipitated polymer was 

taken out, baked at 80℃ for 24 hours and weighed; and the glue 
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concentration was calculated. 

The Reynolds number was obtained as follows: 

- the density of the polymer solution was measured as follows: a sample 

was taken by using a 100ml pressure-resistant steel cylinder and weighed; 

after weighing, the weight of the empty cylinder was subtracted to get the 5 

weight of the polymer solution, which was then divided by the volume of 

the cylinder to get the density of the polymer solution. The viscosity of the 

polymer solution under experimental conditions and shear rate were 

measured on a rotational rheometer HAAKE RS6000 (Thermo Fisher 

Scientific company, USA). 10 

-Reynolds number Re was calculated by the formula Re=d2*N*ρ/μ, 

wherein D is the diameter of the stirrer (m); N is the rotation speed (s-1); μ 

is the viscosity of the polymer solution before phase-separation (Pa*s); ρ is 

the density of the polymer solution before phase-separation (kg/m3). The 

shear force τ was calculated by the formula τ=μ*Vs, wherein μ is the 15 

viscosity of the polymer solution before phase-separation (Pa*s); Vs is the 

shear rate (s-1), Vs=π*d*μ/(1/2*(D-d)). 

In addition, the conditions of the Example are shown in Table 1. The 

operating steps of the comparative examples were generally similar to the 

operating steps of the examples, but the stirring was different. The 20 

conditions of the comparative examples are also shown in Table 1. 
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By comparing Example I.1-17 with Comparative Example I.1-2, it can 

be seen that when the Reynolds number is in the range of 0.2-30 and the 

shear force is in the range of 0.3*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ), the time of 

phase-separation of solution is reduced, and the material and energy 

consumptions of the entire process are significantly reduced, compared with 5 

the existing technology that only performs the phase-separation by heat 

treatment. 

By comparing Examples I.1-3 with Comparative Examples I.1 and by 

comparing Examples with Comparative Examples I.2, it can be seen that 

when the Reynolds number is in the range of 0.2-30 and the shear force is 10 

in the range of 0.3*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ), not only the time of phase-

separation of solution is reduced, but also the material and energy 

consumptions of the entire process are significantly reduced, and the 

polymer concentration of the concentrated phase increases, compared with 

the existing technology that only performs the phase-separation by heat 15 

treatment. 

By comparing Example I.11 with Comparative Example I.3, it can be 

seen that, when the Reynolds number is in the range of 0.2-30 and the shear 

force is in the range of 0.3*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ), not only the time 

of phase-separation of solution is reduced, but the material and energy 20 

consumptions of the entire process are significantly reduced, and the 

concentration of the concentrated phase polymer is increased, compared 

with the cases wherein the shear force and Reynolds number are not within 

the above ranges.  

By comparing Example I.16 with Comparative Example I.4, it can be 25 

seen that the Reynolds number is in the range of 0.2-30, and the shear force 

is in the range of 0.3*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ), the polymer solution 

can phase separate in a relatively short time, while when the shear force and 

Reynolds number exceed these ranges, the polymer solution was caused to 

fail to phase separate. 30 

From the above, it can be seen that the method proposed by the 

invention permits to reduce the temperature of phase-separation and reduce 
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the time of phase-separation during the phase-separation of polymer 

solution, thereby permits to reduce the energy consumption and steam 

consumption compared with the existing technology, thus significantly 

reduce the production costs, and increase the polymer concentration of the 

concentrated phase. 5 

 

Example II.1-12 

The polymer solution was fed into a spiral coil heat exchanger (the heat 

exchanger shell size is 159mm*500mm, BEM type, the built-in spiral coil 

is shown in Figure 1, the total length of the spiral pipe in the heat exchanger 10 

is 2m, the pipe diameter is 2mm, and the number of spirals is 5) to conduct 

heat exchange (wherein the polymer solution passes through the shell side, 

and the thermal oil passes through the pipe side as the heat medium); after 

the heat exchange, the polymer solution was sent to the phase-separation 

tank to perform phase-separation, wherein the polymer and its concentration, 15 

the solvent of the polymer solution, the outlet temperature of the heat 

exchanger, phase-separation conditions, the polymer concentration in clear 

phase and the polymer concentration in concentrated phase are shown in 

Table 1.  

The Reynolds number was obtained as follows: 20 

-the density of the polymer solution was measured as follows: a sample 

was taken by using a 100ml pressure-resistant steel cylinder and weighed; 

after weighing, the weight of the empty cylinder was subtracted to get the 

weight of the polymer solution, which was then divided by the volume of 

the cylinder to get the density of the polymer solution. The viscosity of the 25 

polymer solution under experimental conditions was measured on a 

rotational rheometer HAAKE RS6000 (Thermo Fisher Scientific company, 

USA). 

-Reynolds number Re is calculated by the formula Re=ρvd/μ, wherein 

d is the characteristic length (m), which refers to the shortest distance in the 30 

radial direction when the fluid flows under static perturbation; μ is the 

viscosity of the polymer solution before phase-separation (Pa*s); ρ is the 
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density of the polymer solution before phase-separation (kg/m3), v is the 

flow rate of the polymer solution (m/s). 

 

Example II.13-15 

The polymer solution was fed into the Chinese knot heat exchanger (the 5 

heat exchanger shell size is φ159mm*500mm, BEM type, the built-in 

Chinese knot(s) pipeline is shown in Figure 2, the total pipe length in the 

heat exchanger is 2.7 m, the pipe was bend and fold into 2 Chinese knots in 

Chinese knot manner in the shell, the angle of the pipe at the bend is 45 

degrees or 135 degrees, the pipe diameter is 2mm) to conduct heat exchange 10 

(wherein the polymer solution passes through the shell side, and the thermal 

oil passes through the pipe side as the heat medium), after the heat exchange, 

the polymer solution was sent to the phase-separation tank to perform phase-

separation. Wherein the polymer and its concentration, the solvent of the 

polymer solution, the outlet temperature of the heat exchanger, the phase-15 

separation conditions, the polymer concentration in clear phase and the 

polymer concentration in concentrated phase are shown in Table 1. 

 

Example II.16-17 

These examples were carried out according to the protocol of Example 20 

II.1, except that the heat exchanger shell size of the spiral coil heat 

exchanger was φ159mm*800mm, BEM type, the total length of the spiral 

pipe in the heat exchanger was 4m, the pipe diameter was 2mm and the 

number of spirals was 10. The polymer and its concentration, the solvent of 

the polymer solution, the outlet temperature of the heat exchanger, phase-25 

separation conditions, the polymer concentration in clear phase and the 

polymer concentration in concentrated phase are shown in Table 1.  

 

Example II.18-19 

These Examples were carried out according to the protocol of Example 30 

II.13, except that the heat exchanger shell size of the Chinese knot heat 

exchanger was φ159mm*800mm, BEM type, with built-in Chinese knot(s) 
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pipeline, the total pipe length in the heat exchanger was 4.2 m, the pipe was 

bend and fold into 3 Chinese knots in Chinese knot manner inside the shell; 

wherein the angle of the pipe at the bend was 45 degrees or 135 degrees, and 

the pipe diameter is 2 mm. The polymer and its concentration, the solvent 

of the polymer solution, the outlet temperature of the heat exchanger, phase-5 

separation conditions, the polymer concentration in clear phase and the 

polymer concentration in concentrated phase are shown in Table 1. 

In the above examples, the method for measuring the time of phase-

separation was as follows: 

The measurement methods of polymer concentration and of phase-10 

separation time were as follows: started timing when entering the phase 

separation tank, calculated the time; after the phase-separation was 

completed, samples were taken from the upper and lower parts respectively, 

poured into ethanol of an amount of three times the amount of samples, and 

the precipitated polymer was taken out, baked at 80℃ for 24 hours, weighed; 15 

and the glue concentration was calculated. 
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From Example II.1-15, it can be seen that the temperature of phase-

separation of solution is reduced and the time of phase-separation of solution 

is within 35 minutes, which can effectively avoid the residence time of the 

polymer at high temperature before the catalyst is inactivated. It can be seen 

from Examples II.16-17 that increasing the length of the spiral pipe and the 5 

number of spirals can further shorten the time of phase-separation and 

increase the polymer concentration in the concentrated phase. It can be seen 

from Examples II.1 8-19 that increasing the total pipe length and the number 

of Chinese knots can further shorten the time of phase-separation and 

increase the polymer concentration in the concentrated phase. 10 

 

Example II. 20-25 

The polymer solution was fed into the tubular heat exchanger (the heat 

exchanger shell size was φ159mm*500mm, BEM type, the built-in pipe 

arrangement was shown in Figure 3, and the pipe in the heat exchanger was 15 

arranged in one pass, each pipe was 500mm long and 20mm in diameter) to 

perform heat exchange(wherein the polymer solution passes through the 

pipe side and the thermal oil passes through the shell side as the heat 

medium); after heat exchange, the polymer solution was then sent to the 

phase separation tank to conduct phase separation through a pipe with 5 20 

pairs of baffles (4.5mm*3mm) symmetrically installed inside, wherein the 

polymer and its concentration, the solvent of the polymer solution, the outlet 

temperature of the heat exchanger, phase-separation conditions, the polymer 

concentration in clear phase and the polymer concentration in concentrated 

phase are shown in Table II.2. 25 

Reynolds number Re was obtained in the same manner as in Example 

II. 1-19. 



 

 

- 35 -!

T
a
b

le
 I

I.
2

 

E
x

a
m

p
le

 P
o

ly
m

e
r 

a
n

d
 

c
o

n
c
e
n

tr
a
ti

o
n

 

S
o

lv
e
n

t 

C
h

a
ra

c
te

ri
st

ic
 

le
n

g
th

 

d
e
n

si
ty

 v
is

c
o

si
ty

 fl
o

w
 

ra
te

 

R
e
y

n
o

ld
s 

n
u

m
b

e
r 

o
u

tl
e
t 

te
m

p
e
ra

tu
re

 

P
h

a
se

-

se
p

a
ra

ti
o

n
 

p
re

ss
u

re
 

P
h

a
se

-

se
p

a
ra

ti
o

n
 

ti
m

e
 

p
o

ly
m

e
r 

c
o

n
c
e
n

tr
a
ti

o
n

 i
n

 

c
le

a
r 

p
h

a
se

 

p
o

ly
m

e
r 

c
o

n
c
e
n

tr
a
ti

o
n

 

in
 c

o
n

c
e
n

tr
a
te

d
 p

h
a
se

 

 
d

/m
 

k
g

/m
3
 

P
a
*

s 
v

(m
/s

) 
R

e
=

ρ
v

d
/μ

 
℃

 
M

p
a
 

m
in

 
w

t%
 

w
t%

 

S
2

0
 

P
O

E
(8

%
) 

H
X

 
0

.0
1

6
 

4
1

6
 

0
.3

 
1

.2
 

2
6

.6
2

 
1

9
5

 
3

.5
 

2
1

 
0

.3
3

 
1

7
.9

 

S
2

1
 

P
O

E
(1

2
%

) 
H

X
 

0
.0

1
6

 
4

6
2

 
5

.8
 

1
.2

 
1

.5
3

 
1

9
5

 
3

.5
 

2
5

 
0

.2
5

 
2

6
.7

 

S
2

2
 

P
O

E
(1

5
%

) 
H

X
 

0
.0

1
6

 
4

7
2

 
2

9
 

1
.2

 
0

.3
1

 
2

0
0

 
3

.5
 

4
2

 
0

.3
1

 
3

0
.5

 

S
2

3
 

P
O

E
(1

2
%

) 
H

X
 

0
.0

1
6

 
4

6
2

 
5

.8
 

0
.7

 
0

.8
9

 
1

9
5

 
3

.5
 

2
8

 
0

.4
6

 
2

5
.1

 

S
2

4
 

P
O

E
(1

2
%

) 
H

X
 

0
.0

1
6

 
4

6
2

 
5

.8
 

1
.7

 
2

.1
7

 
1

9
5

 
3

.5
 

2
2

 
0

.2
3

 
2

6
.8

 

S
2

5
 

P
O

E
(1

2
%

) 
H

X
 

0
.0

1
6

 
4

6
2

 
5

.8
 

2
.3

 
2

.9
3

 
1

9
5

 
3

.5
 

2
6

 
0

.2
6

 
2

6
.6

 

N
o

te
: 

In
 T

a
b

le
 I

I.
2

, 
%

 r
e
p

re
se

n
ts

 w
t%

; 
S

2
0

-S
2

5
 r

e
p

re
se

n
ts

 E
x

a
m

p
le

 I
I.

2
0

-2
5

 r
e
sp

e
c
ti

v
e
ly

. 



 

- 36- 

It can be seen from Example II.20-25 that the time of phase-separation 

of solution is within 45 minutes, thereby reducing the residence time of the 

polymer at high temperature. 

The preferred embodiments of the invention have been described in 

detail above; however, the invention is not limited to the specific details of 5 

the above embodiments. Within the scope of the technical concept of the 

invention, various simple modifications can be made to the technical 

solution of the invention, and these simple modifications all belong to the 

protection scope of the invention. 

In addition, it should be noted that each of the specific technical 10 

features described in the above-mentioned specific embodiments can be 

combined in any suitable manner unless there is any contradiction. In order 

to avoid unnecessary repetition, various possible combinations are not 

further described in the description. In addition, any combinations of various 

embodiments of the invention are also possible, as long as they do not 15 

violate the idea of the invention, and they should also be regarded as the 

disclosed content of the invention. 
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CLAIMS 

 

1. A method for promoting phase-separation of a polymer solution, 

comprising: in a phase-separation device that performs liquid-liquid phase-

separation of a polymer solution into a clear liquid phase and a concentrated 5 

liquid phase, disturbance is applied to the polymer solution so that the 

Reynolds number anywhere in the polymer solution except the boundary 

layer is greater than 0.2 and less than critical Reynolds value, where the 

critical Reynolds value is in range of 1-30. 

2. The method according to claim 1, wherein the disturbance is applied 10 

to the polymer solution so that the Reynolds number anywhere in the 

polymer solution is greater than 0.5, or greater than 1; and/or the critical 

Reynolds value is less than or equal to 20, or is less than or equal to 10, and 

the critical Reynolds value is greater than or equal to 2.5, or greater than or 

equal to 3, or greater than or equal to 4.5. 15 

3. The method according to claim 1, wherein thermal disturbance is 

applied to the polymer solution by heat treatment, and/or mechanical 

perturbation is applied to the polymer solution by mechanical means. 

4. A method according to any one of the preceding claims, wherein the 

disturbance is applied in the phase-separation device, the disturbance is 20 

applied before the polymer solution enters the phase-separation device, 

and/or the disturbance is applied during the feeding of the polymer solution 

into the phase-separation device. 

5. The method according to any one of the preceding claims, wherein 

no pressure reduction step is included before the polymer solution enters the 25 

phase separation device, and the polymer solution does not experience 

significant pressure reduction in the phase separation device, for example, 

the pressure of the polymer solution in the phase-separation device does not 

decrease or decreases by no more than 20%, preferably no more than 10%; 

for example, the pressure of the polymer solution in the phase separation 30 

device in a steady state is reduced by no more than 20% compared to the 

pressure at the outlet of the reactor used for the polymerization reaction of 
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the polymer solution. 

6. The method according to any one of the preceding claims, wherein 

the thermal disturbance is applied to the polymer solution by heat treatment, 

the temperature of heat treatment is within the range of the lower critical 

solution temperature of the polymer solution ±50°C, and the pressure of heat 5 

treatment is 10-50 bar; 

preferably, the heat treatment causes the temperature of the polymer 

solution in the phase-separation device to be 100-300°C, preferably 110-

250°C, more preferably 120-200°C. 

7. The method according to any one of the preceding claims, wherein 10 

the mechanical perturbation is applied by subjecting a portion or all of the 

polymer solution to a shear force τ, wherein the shear force τ satisfies the 

following formula, 

5*μ2/(D2*ρ)<τ<1000*μ2/(D2*ρ) (I) 

wherein, μ is the viscosity of the polymer solution before phase-15 

separation, in Pa*s, 

D is the hydraulic diameter, in m, 

ρ is the density of the polymer solution before phase-separation, in 

kg/m3; 

preferably, τ satisfies the following formula: 20 

20*μ2/(D2*ρ)<τ<120*μ2/(D2*ρ) (II). 

8. The method according to claim 7, wherein the mechanical 

perturbation is applied by stirring. 

9. The method according to claim 8, wherein one or more internal 

components for enhancing disturbance are provided in the phase separation 25 

device. 

10. The method according to claim 9, wherein the internal components 

for enhancing disturbance are baffles and/or guide tube. 

11. The method according to claim 6, wherein the mechanical 

perturbation is implemented during or after the heat treatment. 30 

12. The method according to claim 11, wherein the disturbance is 

applied in one or more of the following ways: 
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performing the heat treatment before phase-separation device, and 

applying one or more mechanical perturbations selected from: applying 

mechanical perturbation in the heat treatment device before the phase-

separation device, applying the mechanical perturbation in the pipe 

conveying the polymer solution to the phase-separation device, applying the 5 

mechanical perturbation during the feeding of the polymer solution into the 

phase-separation device, and applying the mechanical perturbation in said 

phase-separation device; and 

performing the heat treatment in phase-separation device and applying 

the mechanical perturbation in the phase-separation device. 10 

13. The method according to claim 12, wherein the disturbance is 

applied in one or more of the following ways: 

(1) performing the heat treatment before phase-separation device, and 

applying the mechanical perturbation in the pipe that conveys the polymer 

solution to the phase-separation device; 15 

(2) performing the heat treatment before phase-separation device, and 

applying the mechanical perturbation during the feeding of the polymer 

solution into the phase-separation device; 

(3) performing the heat treatment before phase-separation device, and 

applying the mechanical perturbation in the phase-separation device; 20 

(4) performing the heat treatment before phase-separation device, 

applying the mechanical perturbation during the feeding of the polymer 

solution into the phase-separation device, and applying the mechanical 

perturbation in the phase-separation device; 

(5) performing the heat treatment before phase-separation device, and 25 

applying the mechanical perturbation in the equipment performing the heat 

treatment before phase-separation device. 

14. The method according to claim 12 or 13, wherein the heat treatment 

before phase-separation device is performed by a heat exchanger, and/or is 

performed by applying jacket-heating to the pipe connected to the phase-30 

separation device. 

15. The method according to claim 12 or 13, wherein applying the 



 

- 40- 

mechanical perturbation during the feeding of the polymer solution into the 

phase separation device is performed by feeding the polymer solution 

through a nozzle or distributor. 

16. The method according to claim 12 or 13, wherein the heat treatment 

in phase-separation device is performed by jacket heating and/or built-in 5 

heating coils. 

17. The method according to claim 12 or 13, wherein applying the 

mechanical perturbation in the phase-separation device is performed by 

imposing stirring, setting baffles or other fixed components. 

18. The method according to claim 12 or 13, wherein the mechanical 10 

perturbation is applied by arranging components such as coils/Chinese 

knot(s) in the device for performing heat treatment before phase-separation 

device. 

19. The method according to claim 12 or 13, wherein the polymer 

solution is conveyed to a heat exchanger with a heating function and capable 15 

of disturbing the flowing of the polymer solution to perform the heating 

treatment, and then is sent to a phase-separation device to perform phase-

separation. 

20. The method according to claim 19, wherein protrusions capable of 

disturbing the liquid flow are provided in the pipe of the polymer solution 20 

flow path upstream of the phase-separation device. 

21. The method according to claim 18, wherein protrusions capable of 

disturbing liquid flow are provided in the pipe of the polymer solution flow 

path in the heat exchanger. 

22. The method according to claim 19 or 20, wherein the heat 25 

exchanger is a Chinese knot heat exchanger and/or a spiral coil heat 

exchanger; 

preferably, the inner pipe of the Chinese knot heat exchanger is bent 

and folded to form multiple Chinese knots, more preferably 1 to 5 Chinese 

knots; 30 

preferably, the pipe in the spiral coil heat exchanger is bent in a spiral 

manner to form multiple spirals, more preferably 3 to 20 spirals. 
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23. The method according to any one of the preceding claims, wherein 

the polymer solution is a polymer solution obtained by a solution 

polymerization process, and the polymer concentration in the polymer 

solution is 5-20wt%, preferably 6-15wt%. 

24. The method according to any one of the preceding claims, wherein 5 

the polymer in the polymer solution is selected from one or more of plastic, 

rubber and thermoplastic elastomer; 

preferably, the plastic is selected from one or more of polyethylene, 

polypropylene, polybutylene, copolymers of ethylene and one or more α-

olefins, and copolymers of propylene and one or more α-olefins;  10 

preferably, the rubber is selected from one or more of butadiene-

styrene rubber, butadiene rubber, isoprene rubber and styrene-isoprene 

rubber; 

preferably, the thermoplastic elastomer is selected from one or more of 

copolymers of ethylene and one or more α-olefins, copolymers of propylene 15 

and one or more α-olefins, and copolymers of ethylene and one or more 

cyclic olefins, copolymers of ethylene and alpha-olefins with one or more 

cyclic olefins, copolymers of ethylene and alpha-olefins with optionally 

non-conjugated dienes, butene-ethylene copolymers, styrene-butadiene-

styrene block copolymers and hydrogenated styrene-butadiene-styrene 20 

block copolymers. 

25. The method according to any one of the preceding claims, wherein 

the solvent in the polymer solution is selected from one or more of C5-C10 

linear or branched alkanes, C5-C10 cycloalkanes and C6-C20 aromatic 

hydrocarbons; 25 

preferably, the solvent in the polymer solution is selected from one or 

more of n-pentane, isopentane, cyclopentane, n-hexane, isohexane, 

cyclohexane, methylcyclohexane, n-heptane, 2-methylheptane, n-octane, 

isooctane, mixed octane, benzene, toluene, o-xylene, m-xylene and p-xylene. 

26. The method according to any one of the preceding claims, wherein 30 

the polymer concentration in the clear liquid phase is less than 1 wt%, and 

the polymer concentration in the concentrated liquid phase is 8-50 wt%, 
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preferably 10-35wt%, more preferably 15-31wt%. 

27. The method according to claim 26, wherein the polymer 

concentration in the concentrated liquid phase is more than 1.35 times, more 

preferably more than 1.8 times, and further preferably more than 2.0 times 

the polymer concentration in the polymer solution. 5 

28. A phase-separation method of polymer solution, including the 

following steps: 

1) a step of using the method according to any one of claims 1 to 27 to 

promote the phase-separation of the polymer solution; 

2) a step of separating the clear liquid phase from the concentrated 10 

liquid phase. 

29. A preparation method of olefin polymers, comprising the following 

steps: 

(A) a catalyst system is fed into the polymerization reactor and 

contacted with one or more olefin monomers and optionally hydrogen to 15 

perform olefin polymerization and to obtain a polymerization reaction 

mixture; 

(B) the phase-separation of the polymerization reaction mixture of step 

A is performed by the phase-separation method of polymer solution  

according to claim 28 to obtain a clear liquid phase and a concentrated liquid 20 

phase. 

30. The preparation method according to claim 29, characterized in that 

the method further includes a following step: the concentrated liquid phase 

is recovered from the phase-separation solution obtained in step B, and the 

concentrated liquid phase is devolatilized to obtain the polymer. 25 




