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ABSTRACT

Using fossil fuels in existing industrial systems causes a variety of social problems. Recently, many studies have
been conducted on bio-refineries, which aim to actively utilize biomass to reduce the use of fossil fuels and solve
various social problems. Among them, research using microalgac as a third-generation biomass has attracted
considerable attention. Microalgae use inorganic matter to produce organic matter, and cell destruction is necessary to
extract useful organic materials from microalgae. The extracted organic materials are currently used in various
industrial fields. Numerous cell-destruction methods exist. We have investigated cell disruption by sonication,
especially its efficiency. Ultrasound is a sound wave with frequencies above 20 kHz, and destroys cells by sending
high energy through a cavitation that occurs, according to the characteristics of the sound wave. The Dunaliella
salina microalgae used in this study was cultured in a flat-type photobioreactor. Experiments were performed using a
batch low-frequency processing device. Logistic model was applied to analyze the results of cell-destruction
experiments using ultrasound. The proper conditions for the most efficient cell destruction were OD 1.4(microalgae
concentration)), S4watt(output power) and 200mL(microalgae capacity).

Keywords : Cell Disruption( MZI}Hf), Microalgae( 0| M=), Ultrasound(Z=SI}), Cell Membrane(M|Z ),
Logistic Model( 2X|AE| mH)
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Table 2 Output variable of batch low frequency
sonication device

probe output power

. . |Energy
Ampli Vibration| / Power
tude | . Dunaliella) gigtance Density
Air |Water
salina Pover
Unit | % watt um | watt |watt/cm’

level()| 40 | 4 | 32 | 30 | 456 | 28 | 2121

level(2)| 45 | 8 | 45 43 51.3 37 | 28.03

level(3)| 50 | 9 | 50 50 570 | 40 | 3030

level(4)| 55 | 10 | 55 57 62.7 | 45 | 34.09

level(5)| 60 | 12 | 62 61 684 | 55 | 37.88
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Fig. 1 Growth curve of Dunaliella salina

Table 1 Biological growth curve of sigmoidal

regression model®
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3. Low Frequency Non-Focused
Ultrasound Cell Disruption System
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Table 3 Level of parameters in batch LFNFU process
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Microalgae ) _
Parameter ati Capacity | Output power UM 25 Dunaliella salina® %7] oA Jdd=
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_ of e Ax v 54 Asbl oF APe 5
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level (1) 1.2 200 33(40%) 23} Sdwatt, 27|FALF 200mio]Qom, A7
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level (4) 1.8 - 48(55%)
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Table 4 Parametric orthogonal array table of the I

batch LFNFU process

Experiment | Microalgae .
.| Output power | Capacity
number | concentration
1 level (1) level (5) level (1)
2 level (2) level (5) level (1) I:I
3 level (3) level (5) level (1) o0 mO
4 level (4) level (5) | level (1) o oo \
5 level (5) level (5) level (1) EIEppE]
6 level (2) level (1) level (1) Generator L L1
7 level (2) level (2) level (1)
8 level (2) level (3) level (1) Magnetic stirrer
9 level (2) level (4) level (1)
10 level (2) level (5) level (2) Fig. 2 Schematic diagram of batch low frequency
11 level (2) level (5) level (3) non-focused ultrasound system
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Fig. 5 Cell reduction according to output power
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