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ABSTRACT

Attachment of microalgae biomass to polyurethane foam material is believed could reduce the

cost and time needed for harvesting process in making it reliable to be used in industry for

biodiesel production. This paper aim to optimize the usage of polyurethane for higher

attachment of microalgae biomass yield in term of it sizes and packing volume. The

investigation revealed that 1.0 cm® polyurethane foam yield highest attached biomass (0.812 g)
and it has best performance compared to 0.125 cm®, 8 cm® and 27 cm® with attached biomass

yield 0.666 g, 0.546 g, and 0.368 g respectively. For packing volume, 6% is the best since has

highest attached microalgae biomass with yield 0.753 g, compared with 2%, 4%, 8% and 10%

with yield 0.426 g, 0.577 g, 0.687 g and 0.644 g attached biomass respectively.
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1. INTRODUCTION

Microalgae are efficient in converting solar energy into cell biomass riching with triglycerides
that can be exploited for biodiesel production via transesterification process [1]. It has high
growth rate, lower demand for water than commercial crops, high efficiency in CO,
mitigation and small areas requirement for cultivation [2]. In [3] confirmed that microalgae
had much higher growth rates and productivity as compared with conventional forestry,
agricultural crops and other aquatic plants, besides requiring lesser land area than other
biodiesel feedstock of agricultural origin i.e., up to 132 times lower than soybean crops for an
equivalent of 30 wt % of oil content. Accordingly, of all the potential feedstock for biofuels,
microalgae are perceived to be the only possible feedstock that can significantly replace
petroleum-based fuels [4].

However, harvesting is the biggest challenge in producing biodiesel from microalgae.
Although intensive researches on the microalgae-derived biofuels had been made, the
commercial production system is still unable to achieve economic viability due to the
expensive harvesting method [5]. In this case, extensive time and energy are required to
handle large feedstock volumes during the harvesting stage, leading to the production of low
value products such as biodiesel [6]. So alternative methods must be investigated to overcome
this problem in making the biodiesel a much reliable and economical source to be used
broadly. Cultivation of attached growth microalgae to a solid carrier has been attracting
serious attention as it has a potential to reduce the energy and cost [7].

In this present research, polyurethane foam material served as fluidized bed in order to attach
the microalgae growth in bioreactor. Polyurethane is used as it has high porosity and is a
suitable medium for biomass immobilization [8] and has good mechanical strength and low
cost [9-10]. The aim of this research is first to determine the best polyurethane foam cube size
and second to determine the suitable packing volume of the polyurethane foam cube so that

the attachment of microalgae can be optimized.

2. EXPERIMENTAL
2.1. Microalgae Species and Culture Condition

The Chlorella vulgaris used as the microalgae model was obtained from the culture collection
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from the Centre for Biofuel and Biochemical Research (CBBR) of UniversitiTechnologi
PETRONAS (UTP). The microalgae was grown in Bold’s Basal Medium (BBM), prepared by
mixing: (1) 10 mL per liter of the following chemicals: NaNOs (25 g/L), CaCl,.2H,0 (2.5
g/L), MgS0,4.7H,0 (7.5 g/L), K;HPO4 (7.5 g/L), KH,PO4 (17.5 g/L), NaCl (2.5 g/L) and (2) 1
mL per liter of the following chemicals: EDTA anhydrous (50 g/L), KOH (31 g/L),
FeSO4.7H,O (498 g/L), H,SO4 (1 mL), H;BO; (11.4 g/L), ZnSO4.7H,O (8.82 g/L),
MnCl,.4H,0 (1.44), MoOs (0.71 g/L), CuS0O4.5H,0 (1.57 g/L), Co(NO3),.6H,O (0.49 g/L).
The with initial pH of the culture medium being adjusted to pH 5 and used as the seed for
later experiment upon reaching stationary stage. The culture was aerated using compressed air
and illuminated with cool-white fluorescent light (Philip TL-D 36W/865, light intensity of
60-70 umol/mzs) with surrounding temperature fluctuating between 25°C and 28°C
continuously for 24 hours.

2.2. Cultivation Condition of Microalgae with Different Polyurethane Foam Size

Five bioreactors with working volume of 1 L each (100 mL seed culture and 900 mL liquid
medium) were setup separately in 1 L Erlenmeyer flasks. Each flask was individually packed
with 2.4% (v/v) of polyurethane foam cubes with the respective size of 0.5 cm x 0.5 cm x 0.5
cm, lcmxlemx1lcem,2cmx2cmx2cmand 3 cm x 3 cm x 3 cm with the respective
cube volume of 0.125 cm?®, 1 cm’, 8 cm® and 27 cm’. The optical densities for suspended
microalgae were taken daily using UV-VIS spectrometer.

2.3. Cultivation Condition of Microalgae with Different Polyurethane Foam Packing
Volume

Five bioreactors with working volume of 1 L each (100 mL seed culture and 900 mL liquid
medium) were setup separately in 1 L Erlenmeyer flasks. Each flask was individually packed
with 1 cm’ polyurethane foam material with packing volume of 2%, 4%, 6%, 8% and 10%.
The optical densities for suspended microalgae were taken daily using UV-VIS spectrometer.
2.4. Determination of Microalgae Biomass Yield

For suspended microalgae biomass, the correlation between optical density and the biomass
was determined. The optical density was measured using UV-VIS spectrophotometer
(Shimadzu, Model: 2600) at 680 nm. Then, 10 mL of sample were centrifuged at 10 x 1000 g

for 5 minutes. The supernatant was slowly decanted whereas the microalgaec biomass was
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dried in an oven at 100°C until constant weight was achieved. The correlation is shown in
Equation (1):

Dry weight (g/L) = 0.553 x OD680, R2 = 0.991 (1)
For attached microalgae, the weight of the raw polyurethane (W,) was determined
gravimetrically. As the microalgae biomass attached throughout the cultivation period, on the
final day of the cultivation, the polyurethane with attached microalgae were isolated
separately from their reactor through skimming which were dried in an oven at 80°C until the
weight was constant. The weight of the polyurethane foam with attached microalgae (Wpym)
was determined gravimetrically. The weight of the attached microalgae (W) can be
determined through the Equation (2):

Wir=Wpm - W, 2)

3. RESULTS AND DISCUSSION

3.1. Determination of Optimum Size of Polyurethane Foam Cube

Fig.1.represents suspended growth of microalgae biomass as a function of culture time in
bioreactors packed with various polyurethane foam sizes. Bioreactors packed with 1.0 cm’
polyurethane foam cube, possessed the lowest suspended microalgae concentration at the end
of the cultivation time. This was due to the highest biomass attachment on 1 cm’ polyurethane
foam material as shown in Fig.2. Compared with the 8.0 cm® and 27.0 cm® polyurethane foam
material, the suspended microalgae concentration were higher because of the bigger sizes of
polyurethane foam cubes which inhibited the growth of the attached microalgae in the inner
layers of polyurethane cubes as the supplies light intensity and carbon dioxide concentration
were limited. According to [11], a number of microalgae research have shown that the growth
rate of the microalgae increases with increasing light intensity. However, the trend for the
attached microalgae productivities under effect of different light intensities is still unclear due
to lack of controlled variables between experiments as reported studies by [12-14]. In [15]
stated that the biomass increased with the increased of carbon dioxide concentration in their
research on effect of carbon dioxide concentration on the growth response of Chlorella
vulgaris.

For the reactor with smaller sizes of polyurethane cubes (<1 cm’), it possessed higher number
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of polyurethane foam cubes with lower concentrations of suspended microalgae. This may be
due to the high number of polyurethane cubes that made the reactor became too congested.
The continuous abrasion when these cubes suspensively moving in the bioreactors would lead
to the detachment of initially attached biomass from the surface. The control bioreactor had

highest suspended microalgae concentration since there was no loss of biomass due to

attachment.
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Fig.1. The growth of suspended microalgae biomass per culture time in reactor with different
size of polyurethane foam material
Fig.2.shows the plot of various sizes of polyurethane foam cubes versus attached biomass
weight. The graph shows that the attached microalgae biomass weight increased from the
smallest polyurethane cubes to 1 ¢cm’ of polyurethane cubes and decreased as the sizes of
polyurethane were further increasing. The attached microalgae weights were higher as
compared with suspended microalgae in bioreactor packed with 1 ¢m’ polyurethane foam
cubes while for the other reactors it showed otherwise. From the total microalgae biomass
weight from each bioreactor, the bioreactor with 1 cm’ polyurethane cube possessed the
highest biomass weight indicating the advantage of using 1 cm’ polyurethane foam cubes as
the carrier material to grow microalgae biomass. The biomass can be later and facilely

harvested from bioreactor for the use of downstream processes.
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Fig.2. The suspended, attached and total microalgae biomass in bioreactor with different size
of polyurethane foam material after day 21
3.2. Determination of Optimum Packing Volume of Polyurethane Foam Cube
From section 2.1., 1 cm’ have been proven to be the best size for the higher growth of
attached microalgae biomass, the size is then used for the next experiment in which was to
determine the best packing volume of the polyurethane foam material. Over 1 L working
volume of the reactor, 2%, 4%, 6%, 8% and 10% packing volume of polyurethane foam
material were tested. Fig.3.shows the result of the effect of different packing volume of
polyurethane foam material on suspended, attached and total biomass weight. It shows that
attached microalgae increased with the increase of polyurethane foam packing volume from 2%
to 6%. However, the number of attached biomass maintained from 6% to 10% packing
volume yield of 0.64 g to 0.75 g. This is due to the excess addition of packing volume which
may inhibit the propagation of light and aeration in which can reduce the supply of carbon
dioxide to attached microalgae and lower the agitation on the reactor. This make the
microalgae prefer to grow on the suspended form rather than attach to the polyurethane foam
material. According to [16], light intensity can affect the attachment of microalgae to carrier

as the attachment can be weaker with limited light intensity.
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Fig.3. The suspended, attached and total microalgae biomass in bioreactor equipped with

different packing volume of polyurethane foam material after day 21

4. CONCLUSION

This work introduce the usage of polyurethane foam material as a carrier to cultivate an attach
growth microalgae in order to ease the harvesting process and reduce the cost and time of
production in which make it reliable to be used in biodiesel industry. The attached microalgae
showed highest number of biomass on 1 cm® polyurethane and packing volume of 6% of total

working volume of the reactor with attached biomass yield 0.812 g and 0.753 g respectively.
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