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DETERMINATION OF FILTRATION CHARACTERISTICS
OF HOLLOW FIBER MICROFILTRATION MEMBRANES
USED IN MEMBRANE BIOREACTOR FOR WASTEWATER TREATMENT

Traditional technologies of water purification (based on coagulation, settling,
oxidation and ion exchange) are ineffective in the modern anthropogenic demand for
the quality of drinking and process water [1].

The application of membrane technologies has wide prospects for the creation of
new energy saving, eco-safe technological systems for food technology and dairy
industries [1].

In microfiltration, a sieving effect separates particles based on their size. A mixture
of components of different sizes is brought to the surface of a semipermeable membrane,
meaning the membrane only allows certain species to permeate through. Under the
driving force of a hydrostatic pressure gradient, some of the components permeate the
membrane, whereas others do not, resulting in a separation Table 1 [1; 2].

Table 1
Filter membranes are divided according to pore size
Pore size Mor:]eaclzsuslar Process Filtration Removal of
> 10 Classic filter

Larger bacteria,

>0.1 um > 500 kDa | microfiltration | < 2 bar .
yeasts, particles

Reference: [2]
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With Cross-flow filtration (CFF), also called Tangential Flow Filtration (TFF),
the fluid flows tangentially to the filtration membrane instead of frontally passing
through. The separation does not alter the product.

CFF is a very versatile technology that can be applied with adapted quality
grades to most industrial applications, such as:

Bulk fermentation (antibiotics, food additives, ferments, enzymes, etc.)

Milk and dairy products

Sugars, sweeteners and derivatives

Beverages (beer, wine, water, fruit juice, etc.)

Highly demanding pharmaceutical and biopharmaceutical (vaccines)
applications.

Cross-flow microfiltration using submerged membrane with air bubbling can
provide a continuous solid-liquid separation system by simple equipment, such as a
low-rate suction pump, an air blower and a vessel. In this system, the size of the
separation module could be reduced by using hollow fiber membranes packed in high
density Picture 1 [1; 2].

effluent ( effluent
'
Hollow Fiber 1
Membrane

, bubbleless
/ oxygen transfer

Bioreactor
Biofilm
influent J ~ influent

oxygen

Pic. 1. Oxygen mass transfer membrane bioreactor
Reference: [2]

Hollow fiber membranes, also called capillary membranes, allow a high
membrane surface area to be contained in a compact module, providing high
capacity. These membranes have an overall smaller inner tube diameter than tubular
membranes and consist of unsupported membrane polymers. Such polymers require a
rigid support on each end of the tube. This support is provided by an epoxy potting of
a bundle of the fibers inside. Each hollow fiber has a diameter of about
0.5 millimeters. The feed flow can go down the interior of the fibers, or around their
outside [3].

In order to apply this beneficial process to a wastewater treatment bioreactor, we
constructed filtration models to design the membrane system. Higher transmembrane
pressure and lower fluidity of feed operations (e.g. transmembrane pressure of over
40 kPa and air-liquid two phase flow velocity, u*, of under 0.5 m - s ) caused the
rapid crowding of hollow-fiber membrane elements and reduced the effective
membrane surface area [1; 2]. Under the conditions that do not cause the rapid
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crowding, the steady-state filtration flux, Js, is expressed as, J = V. =K' - ¢ - u*'? -

MLSS™®°, where, V|, K’ and ¢ were lift velocity, filtration constant and the
geometric hindrance coefficient of membrane module, respectively. The J values of
hollow fiber membranes corresponded to that of rigid tubular ceramic membranes
packed in low density [1; 2].

Results: In this study, we defined the conditions that the hollow fiber membrane
module packed in high density could be applied for solid-liquid separation. The
flexibility and movability of hollow fiber membrane elements could not improve the
flux [3].
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Hayrosuii kepienux: baxrin B.1.
KaHOUOam mexHiyvHux Hayk, OOyeHm,
3anopizvka 0epaicasHa indceHepHa aKkaoemis

JOCILIZKEHHA I'TTPOANHAMIYHUX XAPAKTEPUCTHUK
CHIBYJAPHUX CTPYMEHIB

JlucnepcHe  pO3MWICHHS PIAMHM  IIUPOKO  3aCTOCOBYETHCS B PI3HUX
TEXHOJIOTIYHUX TPOIIECIB TaKUX SK: Ta300YMCTKA, OXOJOJKCHHS BOAW Yy TpajupHi,
3TOpSIHHS TaJliBa Yy JBUTYHAX BHYTPIIIHBOTO 3TOPSIHHS Ta 1HIIE, 1[0 POOUTH
aKTyaJIbHOIO HEOOXITHICTh PO3pPOOKM HOBUX KOHCTPYKIIH pO3MWIIOBAYiB, SIKI
BIJIMTOBITATUMYTH TIOTPEOAM 1 METOJIaM iX PO3pPaxyHKY.

I3 mpoBemeHoro miTepaTypHOTO OISy CHiJ 3a3HAYUTH, IO HAMINHICT 1
eheKTHBHICT, PO3NWIY PIAUHU 3ajekaTh HE TUIBKA Bl KOHCTPYKTHBHHX
O0COOJIMBOCTEN PO3MWIIOBAYIB, sIka B 3HAYHIA Mipl BHU3HAYAETHCS OPraHi3ali€ro
BUXOJly CTpPYMEHS 3 (POPCYHKH, a 1 BIJT yMOB B3a€MOJ11 CTPYMEHS 3 Fa30BHUM MOTOKOM.

3riiHO 3 JITEPAaTypHOTO aHalli3y BHSBISAETHCS, 0 HAWOLIBII JTOUUIBHUM
criocoOOM JIMCIIEPTyBaHHsI € TUIOCK] paiialibHI CTPYMEHI.

[Imocki pamiadbHI CTPYMEHI CTBOPIOIOTHCA TIPU 3ITKHEHHI JBOX KPYIJIHX
CTPYMEHIB, HallpaBJIEHUX HA3yCTPIY OJIUH OJHOMY.

Pinvna po3TikaeThcs pamiaibHO, YTBOPIOIOUHW IUTIBKY, SIKA JISKUTH y TUIOIIMHI
CUMETPIi, MPOXOJYN uepe3 OiceKTpucy KyTa cmiByaapy. [lo mipi Toro, sk miiBka
pamiaibHO PO3TIKAETHCS HA JIESKIA BIACTaHI B TOYKM CHIByAapy Ha il MOBEpXHI



