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Magnetically assisted fluidized bed bioreactor for bioethanol production
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Ethanol can be produced by fermentation of sugars from agricultural products as wheat and corn, after milling
and hydrolysis. The mash after dry mill contains up to 25% reducing sugars, suspended solids and it is very viscous.
In this study the effect of a magnetic field on ethanol fermentation with magnetically assisted fluidized bed reactor
(MAFBR) was investigated. Magnetically loaded polyurethane foam cubes (3x3x3mm) were used as support
material for biofilm formation in a fluidized bed reactor. The magnetite content was 100% wt/wt; density
1050kg/m? and immobilized biomass 150mg/g dry support. The polyurethane carriers were stable and had high
ethanol fermentation activity. The reticulated structure of the polyurethane foam enabled adherence as well as
entrapment of biomass. Magnetically assisted fluidised bed experiments were performed in a glass column 50mm
ID and total volume of 1 L, surrounded by a pair of Helmholtz coils with 200mm ID. The performance of ethanol
fermentation of mash in the MAFBR was affected by dilution rate and magnetic field intensity. The ethanol
productivity reached 17 g/L.h at a feed dilution rate of 0.6 h ~! with reducing sugars concentration of 150g/L when

the magnetic field intensity was 10kA/m.
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INTRODUCTION

Ethanol can be produced by fermentation of
sugars from agricultural products or waste plant
materials [1]. The batch fermentation process is
relatively slow process, and continuous fermentation
can increase the rate, even higher rates can be
achieved if cell retention is also employed. To
eliminate inhibition caused by high concentration of
substrate and product as well as enhance ethanol
productivity, cell immobilization approaches have
been applied to produce ethanol continuously in
bioreactors [2, 3]. A continuous fluidized bed reactor
with the immobilized cell particles was
demonstrated to significantly improve ethanol
volumetric productivity as compared with the
traditional batch systems and other continuous
reactor configurations [4]. Magnetically assisted
fluidized bed reactor (MAFBR) offers a number of
potential advantages over the conventional fluidized
bed reactor, such as elimination of solid mixing, low
pressure drop through the bed, ease of solid
transportation as well as the possibility of operation
at increased fluid velocities [5]. The MAFBR has
been used as an efficient system coupled with
magnetic immobilized cells and enzymes for process
intensification of biocatalysis and biotransformation
[4, 5]. One of the major problems associated with
application of MAFBR is development of suitable
supports with magnetic properties. Taking into
account that the magnetically stabilized bed
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bioreactors operate at velocities greater the
minimum fluidization velocity in absence of a field,
the bio-support density is of a principal importance.
The higher relative fluid/particle velocity (due to
density differences) increases the mass transfer
efficiency, but this decreases the liquid residence
time in the reactor and requires deep beds or
recirculation. The employment of polyurethane
foam beads with entrapped cells has performed by
many researchers [3, 6, 9]. The main purpose of
present study was to investigate the influence of
hydrodynamic conditions and magnetic field on
ethanol productivity in the MAFBR with
immobilized Saccharomyces cerevisiae cells, in
continuous mode of operation.

MATERIALS AND METHODS

The commercially available wetted polyurethane
foam was cut as cubes (3x3x3mm). The magnetite
was synthesised by co precipitation of Fe** and Fe?*
salts [7]. Briefly 5,4 g of FeCls:6H,O and 2,78 g
FeSQO4-7H,0 were dissolved in 20 ml distilled water.
The polyurethane foam support (2g) was soaked and
mixed well in a solution and heated for 10 minutes
to 80 °C. For co precipitation the support cubes were
added drop wise into the NH4sOH (8 M) solution
under stirring. After 3 h aging, the magnetic support
was collected by external magnet, washed with
distilled water to neutral pH and then dried at 60 °C.
The procedure was repeated 5 times to obtain
magnetic support. The obtained by co precipitation
magnetic supports were characterized by XRD, after
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heating at 500 °C for 30min. The X-ray powder
diffraction pattern of the sample was recorded on a
Philips PW1050 diffractometer using CuKa
(1.5406A) radiation at room temperature in the range
of 10 to 80° in the 20 scale, with a scanning speed of
0.02°/s and a step time of 3s. The void volume of
support was determined by the weighting of dry and
saturated with water samples. The cell adsorption
and accumulation was carried out on a shaker at 150
rpm and 30°C for 7 days. The culture medium had

the following composition (g/L): 10 yeast extract, 20
peptone, 20 glucose, 1.5 KH2PO4, 4 (NH4)2SO4, and
0.5 MgSO4. Every 24 hours the medium was
replaced and support washed with fresh medium.
The study of ethanol production activity of free and
immobilized biomass of Saccharomyces cerevisiae
was carried out with batch fermentation in shake
flasks and corn hydrolysate from bioethanol plant
(initial reducing sugars concentration 224g/L) was
used as substrate.
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Fig. 1. Experimental set-up for ethanol production in MAFBR.

The  magnetically  assisted  fluidization
experiments were performed in a glass column
(50mm 1.D.) and total volume of 1L. The column
was packed with support and substrate with 150g/L
glucose was pumped thru the column. In all the
experiments a pair of Helmholz coils was used as a
magnetic system. The magnetic field was axially
oriented (e.g. parallel to the column axis). The
internal coil diameter was 200 mm, distance
between symmetry planes - 200 mm. The schematic
view of experimental set-up is shown in Fig.1. The
concentration of glucose was determined by DNS
method. This method tests for the presence of free
carbonyl group (C=0), the so-called reducing
sugars. This involves the oxidation of the aldehyde
functional group. Simultaneously, 3,5-
dinitrosalicylic acid (DNS) is reduced under alkaline
conditions [3]. The concentration of ethanol was
determined by reaction with an excess of potassium
dichromate in acid. The reaction was carried out in a
special device [8]. The amount of unreacted
dichromate is then determined by titration with
ferrous ammonium sulphate and the ethanol
concentration was calculated as chemical oxygen
demand of solution.

RESULTS AND DISCUSSION

Whether the expected Fes;O4 particles rather than
other iron species were synthesized was confirmed
106

via XRD pattern. In order to compare the crystalline
structure to define the iron species, XRD
characterisation of both commercial FesO4
purchased (Merck) and synthesised were
undertaken. In Fig.2, the spectra of synthesized
Fes;0, indicate similar characteristic peaks with

synthesized Fe;0,4
L purchased Fe40,
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Fig. 2. The X-ray powder diffraction pattern of the
synthesized and commercial samples.
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commercial FesO4 particles at 26 (Brag angle) values
of 30.1, 35.5, 43.2, 535, 57.1, 62.6° witch
correspond to the typical peaks of Fe;O. particles
[7]. So, there is no doubt that Fe;O. particles are
synthesized successfully.

The main criterion for applicability of obtained
support in magnetically assisted bioreactors is
magnetic phase content. In order to test the magnetic
properties constant magnetic field was applied. The
separation of support from substrate under constant
magnetic field is shown in Fig.3.

Fig. 3. Magnetic separation of magnetic polyurethane
foam particles under an external constant magnetic field

The properties of obtained support and used
substrate are summarized in Table 1. The data
showed that there are not significant differences
between densities of wet biosupport and substrate.
The low-density supports allow reduced liquid flow
rates and increased substrate residence time in the
reactor.

Table 1. Support and substrate properties

Support
Density Density Fes04 Size mm
dry wet content
kg/m? kg/m?3 kg/kg
100 1050 0,98 3x3x3 | Cubes
Liquid phase (substrate)
Density, | Reducing sugars, g/l Suspended
kg/m? solids, g/l
1030 224 126

The results from biomass adsorption on magnetic
and nonmagnetic polyurethane foam supports are
shown in Fig.4. The better results were obtained with
magnetite containing polyurethane foam support and

up to 0,15g/g yeast biomass was immobilized for
7 days. A comparison of the experimental results for
the batch process using immobilized and free
biomass is shown in Fig. 5. The figure shows that
there is not difference between activities of free and
immobilized cells. The time required for full
conversion of hydrolysate to ethanol was 48 hours.
Both the free and immobilized cells showed similar
properties and this is the evidence that there are not
any diffusional limitation, probably due the open
pore structure of used support.
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Fig. 4. Effect of incubation time on yeast
immobilization.
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Fig. 5. Ethanol production by batch process with free
and immobilized biomass.

In order to determine the hydrodynamic
properties of bed the influence of fluid flow speed
and magnetic field intensity on fluidisation velocity
was examined. The phase diagram of the bed is
shown in Fig. 6. It is seen than the fluidisation occurs
at fluid velocity over 0,05 mm/s. The bioreactor can
be operated as MAFBR at fluid velocities up to
0,2 mm/s and magnetic field intensity 10 kA/m.
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Fig. 6. Phase diagram of the MAFBR
The results from ethanol production in

continuous-flow column reactor are shown in fig. 7.
The reactor was run in continuous mode at 25°C, and
flow volume speeds from 200ml/h to 600ml/h. The
column experiments show that performance of
bioreactor increases when magnetic field was
applied. The ethanol productivity reached 17 g/L.h,
with reducing sugars concentration of 150 g/L when
the magnetic field intensity was 10kA/m. The result
of this study demonstrated that in MAFBR higher
than fluidized bed reactor ethanol productivity can
be achieved.

CONCLUSION

The yeast cells of S. cerevisiae were immobilized by
adsorption onto magnetite coated polyurethane foam
support. An increase in the efficiency of the
immobilization was observed in the presence of a
magnetite (FesOs nanoparticles) embedded in a
matrix.

Comparison with our previous research [8] showed
that on closed pore polyurethane foam up to 0,04g/g
dry weight yeast could be immobilized by
crosslinking, while up to 0,15g/g yeast biomass was
immobilized in open pore polyurethane foam
support by biofilm formation. In addition, a slight
increase in the performance was observed in non-
continuous mode and ethanol productivity reached
7,1 g/L.h. The results obtained in denitrification
study [9] showed lower degree of conversion as a
result of the small liquid residence time in the bed.
Our investigation showed that the use of a MAFBR
allow a control of the fermentation process. The
main advantage is the ability to decrease the
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Fig. 7. Ethanol productivity as a function of fluid flow
rate.

diffusional mass transfer resistance around the
support. However, this effect is limited in particular
velocity range. The further increase of the liquid
flow rate and magnetic field intensity leads to lower
degree of conversion. Other researchers also
observed a similar effects [4,5,11].
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HOJIYYABAHE HA BUOETAHOJI B BUOPEAKTOP C MATHUTHO ACUCTUPAH
QJIIYUIAU3NPAH CJION

I1.I". Beanukosa, T.B. Banos™, U.I". JIanos

Kameopa “Buomexnonocus”, Xumuxomexuonozuuen u memanypeuier ynusepcumem, 6yn. Kn. Oxpuocku Ne§,
1756 Cogus, bvreapus

Toctenuna Ha 24 stuyapu, 2017 r.; kopurupana na 2 maii, 2017 r.
(Pestome)

Buoeranon moxe 1a Ob/ie MOTYYCH OT PEIUIIA CEICKOCTOAHCKH MPOTyKTH, KaTo KUTO U IapeBuna. [Tpu To3u mporec
e HeoOxonuMMa IpeIBapUTeIHa XUAPOIHM3a Ha CypoBUHHTE. IIoMydeHHAT XUAPOIM3AaT ce XapaKTepus3upa ¢ BHCOKO
CBhIBPXKAHNE Ha PEAyILUpAIlN BellecTBa, 10 25%, CyceHJupaHl YacTHIIM U € MHOTO BUCKO3eH. llenta Ha HacTodmaTa
paboTa e ma ce m3cnenBa edexkra HAa MATHUTHOTO IIOJIE BBPXY ANKOXONHATa (pepMEHTAIWsS B PEakTOp ¢ MarHUTHO
ACUCTHUPAH CJIOH.

Karo HOCHTEN 32 MMOOMIM3UpaHe Ha OMoMacaTa € M3IOJI3BaH NMEeHOomoanypeTan 3x3x3 MM, ChIbpiKam] MarHETHUT.
ChbIbpKAaHUETO HA MATHETUT B Hocutes e 100%, mrsTHocTTa 1050 Kg/MP, kato nMobuusupanara 6uomaca e 150 mg/g
cyx Hocutell. [lomydeHnTe HOCUTENH ca CTaOWITHN B IPUTEKaBaT BHCOKA (hepMEeHTAIlMOHHA aKTHBHOCT. CTPYKTypaTa Ha
MOJIMypeTaHOBaTa IITHA TI03BOJISIBA 3aabp)KaHe Ha OMoMaca B Ienrsi 00eM Ha JacTHIaTa. 3a OHOpeakTop ¢ MarHUTHO
aCHUCTUpaH CJIOM € M3MOJ3BaHa KoJoHa ¢ nuameTsp S0mm u obuy o6em 1L, moctaBeHa B IeHTHpa Ha HaMOTKa Ha
XenMxomn ¢ BpTpenieH nuamMersp 200 mm. YcTaHOBEHO €, 4e BbpXY IPOU3BOAUTETHOCTTA Ha anapaTa BIMSHUE OKa3BaT
CKOpPOCTTa Ha pa3pexAaHe U MHTEH3UTeTa HAa MarHUTHOTO MoJe. [I[pon3BoANTETHOCTTA 110 OTHOLICHUE Ha €TaHOJI JOCTHUTa
1o 17 g/L.h, mpu cxopoct na paspexaane 0,6 h'! u unTensurer Ha MmarauTHOTO mone 10 KA/m.
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