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Abstract

Porous polymer particles containing internal and external pores have a very
large specific area, relatively low density, permeability and excellent
adsorption capacity. The structure of pores (porosity, pore size, specific area)
are the main factors governing the application of such materials in various
catalyst fields, separation, solid phase extraction, ion exchange, sensors
storage and drug delivery. Extensive applications of porous particles are
forcing researchers to develop conventional methods such as suspension
polymerization, dispersion, precipitation, seed sweeling polymerization and
new membrane / microchannel and microfluidic emulsification methods.
In all these methods, different porogen are used in the first stage, followed by
the removal of the porogen to produce pores. In this study, all different
polymerization techniques for the preparation of porous polymer particles
with spherical and non-spherical structure, functionality are reviewed and
the advantages and disadvantages of each method in terms of particle
properties and particle size distribution are mentioned.
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Figure 1. Schematic representation of pore formation in resin of poly (divinyl benzene (a) using an polymeric porogen
(b) using a solvent porogen; (c) Using a combination of solvent and polymer [19].
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Figure 2. Schematic of the formation of a pore in monomer droplet [26].
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2. Aqueous Two-Phase System (ATPS)
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Figure 3. Scanning electron microscop images of poly (di vinyl benzene) particles prepared by sediment polymerization
(a) pure acetonitrile, (b) 60% acetonitrile /40% toluene mixture, (c) 60% toluene as porosity agent,
(d) toluene / Dodcanol (40: 60) mixture as a porogen [29].
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1. Dispersion Polymerization
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Figure 4. Scainng electron microscope images of porous polystyrene-divinyl benzene microsphere: Effect of monomer / seed latex ratio

on surface morphology in different ratios: (a) 8.50, (b) 4, (c) 3.50, (d) 3, E)2.35 [34].
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Figure S. Scainng electron microscope images of ionic liquid-based polymer microspheres at different volume ratios of porogen to
monomer and crosslinker: (a) 2: 8, (b) 3: 7,
(c) 4: 6, (d) 5: 5[35].
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Figure 6. Mechanism of two-stage seed swelling method. Scainng electron microscope images of polymethyl methacrylate
particles prepared by two-stepseed swelling method of toluene (porogen) / di-butyl phthalate by volume ratio:
(a)1:1,(b) 1: 2, (c) 0: 1, (d) 0: 1[39].
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Figure 8. (a) Schematic of emulsion generation in a dispersed cell,
(b) Scanning electron microscope image of a circular cavity
membrane, (¢) A polymer droplet emulsion (size range
130-170 microns) using dispersion cell [48].
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Figure 9. Schematic illustration of the capillary microfluidic device and polymerization process for preparation
of hollow and porous microspheres [55].
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Figure 10. Scanning electron microscope images of porous
polymer particles prepared by microfluidic method with
different continuous phase flow rate, the primary emulsion
flow rate was kept constant 0.05 ml / min [57].
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