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Complex processing of grain distillery stillage is actual problem from the point
of view of ecology and economics, since a solution of this task gives a possibility to
avoid discharge of waste water to sources of water supply on the one hand and obtain
commercial products on the other hand [1]. Baromembrane separation is the most
commonly used method for processing of corn distillery [2]. In order to prevent
fouling, polymer membranes are hydrophilized modified with particles of inorganic
ion-exchangers [3]. The aim of the investigation was to establish and compare the
mechanism of fouling for polymer and composite membranes. The research involves
polyethyleneterephthalate track microfiltration membrane as a polymer matrix. An
UPM-10 polymer ultrafiltration separator as well as a KS-C reverse osmosis
membrane was also used. The track microfiltration membrane was modified with
aggregates of nanoparticles of zirconium hydrophosphate, the materials were
examined with a method of scanning electron microscopy. The pressure test was
performed using deionized water as a working liquid. Corn distillery was filtered at
1-4 bar and 60 °C. The models of pore blockage, pore constriction and cake
formation were applied, particularly to water filtration through the composite
membrane. Pore blockage and pore constriction were shown to be possible during
pressure test at 60°C, this can be caused by transformation of porous structure of the
polymer and fragmentation of the modifier. Regarding corn distillery, the composite
membrane demonstrates higher stability against fouling than the pristine separator.
Depending on time of filtration, the composite material obeys Darcy's law or shows
the maximal flux at 3 bar. The flux of permeate through the pristine membrane
decreases with pressure growth due to accumulation of organics. A linear increasing
of productivity under similar conditions is characterized for modified membranes. It
means that substances, which polluted the membranes, have a smaller hydrodynamic
resistance. The mechanism of pore blockage is valid both for the pristine and
composite membranes. Increasing in pressure enhances pore constriction (pristine
membrane) and cake formation (all separators). Composite membranes have higher
resistance to fouling that allows using smaller amount of chemicals for regeneration,
reducing time of regeneration and volume of wastewater. The inorganic ion-
exchanger allows us to improve stability against fouling with components of corn
distillery: no fouling has been found at 1 bar. In order to prevent blockage under
higher pressure and facilitate the membrane cleaning, location of ZHP particles just
near the outer surface is necessary. Organic-inorganic membranes can be applied to
other objects of food industry, especially under room and lower temperatures.
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As a result of the filtration process at 1-4 bar, the concentrate of grain stillage
that contains 20% of dry matter have been obtained. The liquid of the concentrate
solution can be evaporated to obtain dry products, which can be returned back to the
technological process or to sell. The permeate solution can be used for further post-
purification using reverse osmosis. This method allows us to remove about 100 % of
dry matters. The permeate is pure water for equipment washing, the concentrate
contains low-molecular substances, which cannot be rejected during ultrafiltration.
The hardware-technological scheme, which involves sequential processes of
ultrafiltration and reverse osmosis, has been proposed (see Figure).
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Figure. The hardware-technological scheme of processing grain stillage: 1, 4, 7
— barrels; 2, 5, 8 — pumps; 3 — ultrafiltration installation; 6 — reverse osmosis
installation; 28 — grain stillage after centrifugation, 29 — UF concentrate, 30 — UF
permeate, 31 — RO permeate, 32 — RO concentrate.

This scheme allows us to reduce energy consumptions for baromembrane
processing of grain stillage.
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