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The invention relates to the acceleration of the separation of liquid phases which contain polymers by using branched instead of linear
solvents.

(57) Zusammenfassung

Die Patentanmeldung beansprucht die Beschleunigung der Abscheidung fidssiger, Polymer—enthaltender Phasen durch Verwendung
verzweigter statt linearer Losungsmittel.
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| qui d s P &sgnt@i ni ng pol ynmers by branched sol vents M xed pol yners may
be separated by a liquid-liquid phase separation [1]. Thereby, polyners

For the economic of such a thermal separation process, the times of sedimentation in the
separation steps are decisive, since space-time-yields are determined thereby. Further, long

residence times contribute that decomposition reactions take place.

Liquid systems having two or more phases include a continuous phase (KP) and one or more
. discontinuous phases (DP) in a dispersed state. The Iiteraturcl [2] subdivides coalescence and

sedimentation of the discontinuous phase into several stages:

- coalescence of single drops to form larger drops
- ascending or descending of larger drops controlled by density

- unification of larger drops with already formed phase.

In all these processes, in particular the rising or settling velocities, respectively, of single
drops are important. A comparatively simple mathematical modellation is obtained when the

drops are considered as rigid spheres in the KP.

The modellation of the motion of sperically shaped solid particles in a continuous phase is
made according to Clift R. et al [3] and Brauer [2] by using the equation of motion. The
equation of motion (eq.1) represents a term for the stationary velocity of falling spherically

shaped particles.
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di sconti nuous (index P) and the continuous phase (index F), respectively, g
t he acceleratlon due to gravity, dp the particle dianeter and ~ the drag

coeffi d rﬁ- Equation | is generally valid for solid & )uid high viscous
particl es."°The special characteris-

wherein

Re = wedp =18[ ‘ A Ar
%3 9

In equation 3, vr represents the kinematic viscosity of the continuous phase and Ar the Ar-

J eq. (3)

chimedian number. The introduction of the dimensionless Archimedian number is useful,
since hereby the settling velocity wp of particles in equation 1 can be represented in explicit

form. It is:

Ar p‘P;Fp!' gvd eq. (4)
F

Equation (4) teaches that only the viscosity of the continuous phase, the particle diameter of
the discontinuous phase and the density difference between continuous and discontinuous
phase are important for the separation. Short residence times are advantageous to save opera-

tion and investment costs and to suppress chemical reactions.
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| cally reached.

~ This problem is solved by 2 method according to claim 1 in an elegant and novel manner,

Preferred embodiments are subject-matter of the subclaims.

~ As an example, the therm_af separation of polyolefine mixtures as polymers of different type is
considered, with n-alkanes having five to seven carbon atoms in the molecule as solvent. The
teachings of the patent are applicable to all other separation methods which include the sepa-

ration of polymer mixtures. by forming liquid phases.

The method described in [1] separates polyolefines in that two liquid phases are formed in n-
hexane at 180°C, wherein the upper light phase contains under certain conditions polyethyl-
ene from high pressure synthesis (LDPE), and the lower one polyethylene from low pressure
synthesis (HDPE). Due to the amount, the low viscous upper phase is KP, and the high vis-
cous lower phase is DP in the dispersed system. The low viscosity of the upper phase, how-
ever, does not lead to technically acceptable separation times, so that the above mentioned

disadvantages (costs, reactions) become effective.

Experimental runs, however, have surprisingly shown that the use of branched solvents with
same carbon number significantly and advantageously changes the separation times. Therein,
the viscosity of KP is about the same for the non-branched and the branched solvent, so that

the effect cannot be explained at the moment.
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cannot be realized with an unbranched solvent or only in a difficult way.

The purities of the different polymers were practically identical in both phases in both runs,

since the nature of the solvent had not been changed (in both cases, a hexane is concerned).

However, the considerably shorter separation times in the experimental run V_2 using the
branched solvent are surprising. Even though the viscosity of KP and the density difference
pr-pr did not change significantly in both runs, it has been detected surprisingly that the sys-
tem with the branched solvent had been separated faster by a factor of 150 than the system

with n-alkane as a solvent.
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According to the teaching of the literature, these reduced separation times lead to smaller
separation containers and therefore to a reduction of investment costs and of residence times

at the necessary high temperatures.

The teaching of this patent can be applied to all separations of liquid phases which contain

polymers and solvents of which branched and unbranched representatives exists.
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the resulting solvent phases which include solved polynmers of different ‘
type in different concentrations are separated after sedinentation. 2) The
met hod of claim 1, characterized in that said sol vent is sel ected such that

the sedi- nentation times of the phasesqig,the branched solvent or solvent
m xture are shorter than those in a non ranched sol vent or sol vent

m xture. 3) The nethod of claiml or 2, characterlzed in that said polyners
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claim 3, chadragt®fddigehdrn that said solvent is a branched al kane having a
carbon nunber between 4 and 10. 5) The nethod of claim 3, characterized in
that -said soI vent is a branched al kane having a car bon nunber between 6

and 8. 6) of . cl rlze in that said
sol vent is n%ﬁ%@?@nﬁxﬁ OIEdHEf%ﬁwﬂgﬁ gh@““#f°$’ W@&m f any of
claims 1 to 6 characterlzed in that the supplied polyolefins origi- nate
fromwaste to be recycled.

b)  the resulting solvent phases which include solved polymers of different type in

different concentrations are separated after sedimentation.

2)  The method of claim 1, characterized in that said solvent is selected such that the sedi-
mentation times of the phases in the branched solvent or solvent mixture are shorter

than those in a non-branched solvent or solvent mixture.

3)  The inethod of claim 1 or 2, characterized in that said polymers of different type are
mixtures of polyolefins and said solvent is a branched alkane having a carbon number

between 4 and 16.

4)  The method of claim 3, characterized in that said solvent is a branched alkane having a

carbon number between 4 and 10.

5)  The method of claim 3, characterized in that said solvent is & branched alkane having a

carbon number between 6 and 8.

6)  The method of any of claims 1'and 5, characterized in that said solvent is dimethylbu-

tane or methylpentane.

7)  The method of any of claims 1 to 6, characterized in that the supplied polyolefins origi-

nate from waste to be recycled.



