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1. Introduction

The contribution addresses several problems associated with morphology of porous
polyethylene and polypropylene particles produced in catalytic gas- and liquid-dispersion
reactors. The knowledge of tr ansport characteristics of monomers and diluents in these
polyolefin particles is important for the quantitative prediction of particle growth. Transport
of monomers and diluents affects the rate of polymerization, the rate of particle growth, the
copolymer composition distribution within the particle, and the morphology of the growing
particle. Moreover, transport characteristics have a strong impact on the degassing of
polyolefin powder in the post-polymerization processing.

2. Reconstruction of porous polyolefin particles

Polyolefin particles used in our simulations are digitally reconstructed from X-ray micro-
tomography images. The progress of reconstruction is visualized in Fig. 1. At first, the
original tomography image is binarized and then processed by binary operations (opening,
closing, erosion, etc.) to remove noisy data from pictures. Sets of binary images are then
discretized to ones (porous phase) and zeros (solid phase), cf. Eq. (1), and stored in the three
dimensional matrix fu(r) representing spatial domain, cf. Fig. 1c.
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Fig. 1. Digital reconstruction of polyolefin particle; (a) original X-ray tomography image; (b)
binarized image; (c) reconstructed particle; (d) reconstructed lamellar structure of spherulite.
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Symbol r = (x, y, z) represents the spatial position of the voxel. The spatial resolution of the
tomograph with laboratory source of photons is of the order of micrometers so that the finer
structures are not distinguished. However, the techniques like AFM and WAXS provide
information about the morphology of sub-micron spherical structures in polyolefin particles.
These structures are called spherulites and they are composed of amorphous and crystalline
polymer. The thickness of crystalline lamellae is approximately 10 nm. We are also able to
reconstruct the spherulite particles, cf. Fig. 1d, compute their transport properties and use the
obtained results for computations further on larger, i.e., micron scale.

3. Dynamics of degassing of reconstructed polymer particles

The second addressed problem is the dynamics of diffusion of penetrants away from the
polymer particle because this process is crucial for the post-polymerization processing of the
polymer. We showed in [1] that in case of porous particles with broad distribution of solid
polymer zones the degassing curve cannot be approximated with simple Fick’s diffusion from
compact spherical particle, cf. Fig 2.
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Fig. 2. Evolution of mass of sorbed monomer in polymer particle. (a) full line corresponds to
degassing of particle B and the dashed line corresponds to degassing of spherical particle with
the same volume of solid phase; (b) concentration profile in particle B in simulation time
t=1s; (c) concentration profile in particle B in simulation time ¢#= 10 s; (d) concentration
profile in particle B in simulation time ¢ = 100 s.



4. Polymerization reaction in polyolefin particles

The third addressed problem is the interaction of reaction and transport processes in spatially
3D polyolefine particles. We demonstrate that monomer mass transport limitations are
important not only in the early stage of particle growth, but also in fully-developed polyolefin
particles, cf. Fig. 3.
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Fig. 3. Concentration profiles of (b) ethylene and (¢) 1-hexene in porous polymer particle (a); (d) ratio
of concentration of 1-hexene to ethylene.

3. Conclusions

We demonstrate the utilization of digital reconstruction of polyolefin particles from Roentgen
tomography for computing the transport properties of real porous media and the effect of
diffusion limitations for dynamics of degassing and for reaction-diffusion problems.
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