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ABSTRACT

A Study on the Cell disruption of Microalgae using

Ultrasound sonication

Bae, Myeong Gwon
Advisor : Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Recently, because of industry development, the consumption of fossil energy
such as petroleum, coal, and natural gas has increased exponentially. Therefore,
there is an issue with environmental pollution caused by greenhouse gases due
to energy shortages. The increase in carbon dioxide emissions is getting
serious. In order to solve these serious problems, many studies are being
conducted on renewable energy sources and alternative bioenergy. Among them,
the third generation bioenergy, microalgae, has recently emerged as a resource
with infinite potential. Microalgae are photosynthetic and independent nutrient
microorganisms, a sustainable source of bio-energy without environmental
pollution because they produce useful substances by synthesizing the necessary
nutrients using inorganic light. In addition, one efficient approach is the
production of biodiesel based on biomass extracted from the useful materials
from microalgae; this approach also has a carbon dioxide reduction effect that
might reduce global warming. To extract lipids from microalgae, the cell
membrane disruption process is essential during the harvesting process, and
research 1s being conducted into various ways for efficient lipid extraction.
Harvesting methods are largely divided into mechanical and non-mechanical

methods. In general, the mechanical methods has the advantage of maintaining
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the protein structure of the microalgae well, but the processing is complicated,
and the maintenance cost is high. Non—-mechanical methods can harvest large
quantities and are economical, but there are fatal disadvantages due to
environmental pollution caused by chemical treatments. However, at present, the
efficiency of extracting lipids from microalgae still requires research and
development due to the lack of productivity and economy compared to existing
bioenergy.

In this study, the efficiency of continuous and highly productive cell
membrane crushing using an ultrasonic mechanical method, which causes not
environmental pollution or has a not post-treatment cost due to the chemical
process, was used for economic and efficient lipid extraction of microalgae.
When microalgae are irradiated with ultrasonic waves according to type , the
crushing efficiency of the microalgae varies greatly depending on the size and
concentration of the cell and the thickness of the cell wall. This study was
conducted to investigate the optimum crushing efficiency condition for the
microalgae Chlorella sp. In addition, the necessary data was collected using
various sensors to analyze the growth curves of cultured Chlorella sp. In order
to measure the crystal coefficient of the growth curve, the growth curve was
approximated using two types of mathematical equations: the Gompertz model
and the Logistic model. In the low frequency experiment, four kinds of cell
density, output power, initial capacity, and pH were designated as variables.
Finally, in the continuous ultrasonic experiment, five kinds of optical density,
output power, cell cycle flow rate, duty cycle, and pH were designated as
variables, and the relationship between the variables was analyzed. Through the
experiments, the effects of the interactions between the variables on the cell
disruption efficiency and the optimum disruption conditions were studied.
Experimental results showed that cell crushing efficiency was most affected by
output power in all three types of ultrasonic devices. Moreover, the highest
crushing efficiency result was obtained under all conditions when the pH was

adjusted in parallel.
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Table 1-1 Comparison of major energy specific resource’!

Material o
o . . Greenhouse Reserve Economic time
Division industrial o
) gas emissions year of guarantee
production
Microalgae possible low unlimited 2020
Oil possible high 54 present
Coal possible high 112 present
Natural gas possible middle 64 present
New clear power impossible low 79 present
Light of the sun impossible low unlimited 2020
Wind power impossible low unlimited present

Table 1-2 Biodiesel production yields using different biomass™!

Source Biodiesel ( L / ha / year )
Corn 172
Cotton 325
Soybean 446 ~ 636
Mustard seed 572
Sunflower 952 7 1,070
Rapeseed 1190
Jatropha 741 T 1,892
Coconut 2,689
Oil palm 5,366 ~ 5,950
Microalgae ~ 136,900 ( Oil content > 70% )
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Table 1-3 Feature of microalgae harvesting method™

Method Reliability SISy S

requirement conversion
Centrifugation good high good
Chemoflocculation good high poor
Sand filtration fair low poor
Ultrafiltration good high good
Microsieving poor low poor
Bioflocculation poor low good

-5 -
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Fig. 2-2 Cavitation process
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A2d MAZFY 7 L WA

B Ao A ALEH mMNZRFE Chlorella sp.2 AH-83th v okol] AF&E Y
2 TAP(Tris—Acetate-Phosphate) Wl 4 & A}&3F51 o, wj#] 242 Table

2-17 Zt} wixl= 129 Eit7](auto clave)E ©o]€3ke] 121 CTolAd 20 ¥ &<k &

Table 2-1 Composition of TAP medium for Chlorella sp.

Components Amount(g/L)
50X FBS
NH,CI 40
CaCl,-2H20 5
MgSQO,-7TH20 10

400X KPO4 mix

1M KyHPOq 43.2

1M KH,PO,4 22.32

200X tris mineral

EDTA-2H20 10
FeS0O,-7H0O 1
ZnS0Oy- TH20 44
H3BOs 2.28
MnCly-4H20 1.02
CuCly-2H,0 0.22
Na;MOQ,-2H.0 0.52
CoCl2+6H20 0.32
glacial accet(acid) 20ml
Tris 2.42
14 -
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A3 HAEF NG 2 g FH 2dy

1. vAlz7F v

u A 23] kRS 3] 2w 9% (batch culture), <1 % (continuous culture),
7k v % (fed-batch culture) 5% s 4 glt}h o] F I EujUdHH S wjx
(media)ell #5758 HETF § 78 §lo] A= HE7HA] wjgs 3 & A= 79

s HJ@‘O]D#, ek %agi wol ALgEE WY ol ol F 3 )
=
=

Stationary
phase
Log, or ) Death, or

ia

Log of numbers of bact

0 5 10

Time (hr.)

Fig. 2-3 Final cell concentration and the initial concentration of the

medium in batch culture process relationships
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2. 4434 29

Aot H3d FAETST 3
S FAAA wigetdTt. HAE GRS NS 7] o A
A3 S Fo| Wl %3t Chlorella sp.o A7

= 3
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Turbidity sensor Gas meter

Fig. 2-4 Schematic diagram of flat-panel photo—bioreactor
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Fig. 2-5 Front panel of monitoring and control system
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Fig. 2-6 Growth curve of chlorella sp.
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Fig. 2-7 Growth curve of growth phase
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Table 2-2 Sigmodial regression model for biological growth curve®
Model (Mothomotcal Wlodiiled. couaion
e — (Biological parameter)
A
.. a y —
Logistic Y= =) 44ty
1+ ex cr 1 (A—t)+2
P 1+exp
_ (b*(:a:)] (#me ()\*t)Jrl)
Gompertz — [ exp _ A
y a exp y = A exp exp
modified equation e=exp(1)
5.0 1
4.5 .
40 - ./ \
2 {-:?;::::;ﬁ—:hh’_“'—_-—'.__—___
ke . .
® 7"
_-E‘I 3.0 #éf
e 2.5 /
5 ! —=— |ntensity of illumination 8,000
® A f - - - Logistic fitting R*=0.879
B 1.5 - - - Gompertz fitting R*=0.889
O
1.0
0.5
I‘/fi.
D-D = I"' ! T 2 b T T T T T 4 T T v T r T o T o T T T z T Lo
0 1 2 3 4 5 B f 8 9 10 11 12 13 14 4%
Time(day)

Fig. 2-8 Growth curve of Chlorella sp. fitted by Logistic, Gompertz models

for OD Values
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A3 253 A

ALE 8% AFT FA A9 74

1. 98 A% 42 29

nAlZzFe d579 SRl wel Axete] E&Aow 3k T b= & o
Aol 7k Qdow, Zguk A HAA dute Faaigow AbgeteE Zlo] Fa
stot. olelst 54 ujiteol Al AMSE Chilorella sp.8) A9 Fardds <
a7l el FaE 9 20 kHz, HAEY 500 watts®] 8] (batch) A 53 &
Z(Low Frequency Non-Focused Ultrasound, LENFU)E Alslo] A &S 2z )3}

Ak, 4Pl AgE AR AFH A FY %Y 2L AFAUA} YU
Table 3-1] vhERlQa, A@el Ag8 AZLAA 82 AFH g A
Fig. 3-10] b gt

o

€l
=g
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Generator

Transducer

i / Temperature probe

Microalgae

L Magnetic stirrer J

Fig. 3-1 Schematic diagram of batch low frequency non-focused

ultrasound

Table 3-1 Output variable of batch low frequency device

Probe output power

Ampl V%bration Energy/ POW.er

Air Water | Chlorella | distance Power density

Unit % Watt pum watt watt/ em?
Level (1) 40 4 32 32 14.0 28 21.21
Level (2) 45 8 45 45 175 37 28.03
Level (3) 50 9 50 49 19.25 40 30.30
Level (4) 55 10 55 55 21.0 45 34.09
Level (5) 60 12 62 62 22.75 50 37.88
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2. 8 AFH BHA Y

Ao ALg9 W NZEF Chiorella sp.ol HA2 AX 53
3t7] 98] %7] A T =(microalgae concentration), %7| It
19 (output power), A2l 7] pH Yl 7}A F79

=
h
A, 7 WFES WMIAIEA WFE e 4EAE 1 R

o

A7IAM, G & 27l AExFEH, gt t& § 259 AgE F9 AxF
oty 7] AlEsmet Agd $o Axex: g £33 B 680 nmaHg

AEAZ71S Ag3te] =4 2 Aara gt

Table 3-2 Level of parameters in LENFU process

Parameter Microalg;?e Capacity Power pH
concentration

Unit OD @680 ml Watt (Ampl) ~logCH~+

Factor X X, X, X,
Level (1) 1.54 150 40 3.17
Level (2) 2.57 200 45 5.33
Level (3) 3.66 300 50 6.88
Level (4) 3.96 - 55 7.95
Level (5) - - 60 10.11
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Fig. 3-2 Experimental results of initial microalgae concentration
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Fig. 3-4 Experimental results of initial capacity
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Fig. 3-6 Photomicrograph of cell variation during LENFU
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Table 3-3 Characteristic values of high frequency device probe

Power | Surface | Focal Focal | Focal

Frequency | Radius | Area . . . .
electric |intensity | intensity | width | Length

Unit MHz mm em? | Watts | W/em? | W/em? | mm mm

H-101 1.10 63.20 | 34.55] 400 9.84 15815 1.37 10.21
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(b) Schematic diagram of ultrasonic under-irradiation position
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(c) Schematic diagram of ultrasonic side-irradiation position

Fig. 3-7 Schematic diagram of batch high frequency focused ultrasound
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2. 3 159 AP =4
3l 59 FA A v A ZF Chiorella sp.®l HA o Axw 3 & %
A= A8 98 259 Z2H 2A ﬂ%xl 27 WA =, Fedrle v
, %719 249 39 9 A7t M5 F ul 7HA FR/RE Aete] WstE
A HEe FARAT, 7 AFE e FEAES T AL AX v
240 gstel 4P B ATHAT ADF AL A 7 wrEe 9
A gsto] sAHoR AHS dstS AL, Table 3-40] e AT
Table 3-4 Level of parameters in HFFU process
Microalgae ) Wave
Parameter . Power Applied voltage
concentration form
Unit OD @680 Watt mvpp
Factor X, X, X X;
Level (1) 2.50 62 700 square
Level (2) 3.02 30 600 sine
Level (3) 3.74 41 500 -
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(b) Optical density variation according to irradiation position

Fig. 3-8 Experimental results of ultrasonic irradiation position
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Fig. 3-9 Experimental results of initial microalgae concentration
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Fig. 3-11 Experimental results of type of ultrasonic wave form
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Fig. 3-12 Experimental results of applied voltage
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Table 3-5 Output power of ultrasonic device according to applied voltage

Applied voltage (mvpp) 700 600 500

Output power (watt) 60 45 31

Initial state 40 min later

80 min later 120 min later

Fig. 3-13 Photomicrograph of cell variation during HFFU

processing
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Generator

[ce bath

il
w Transducer

Fig. 4-1 Schematic diagram of continuous low frequency sonication system

Table 4-1 Output variable of continuous low frequency sonication device

Probe output power

Py Vibration | Energy/ Power

P Air Water | Chlorella | distance Power density

% watt um watt watt / em?
Level (1) 40 4 121 118 45.6 114 23.22
Level (2) 45 8 139 139 51.3 134 27.29
Level (3) 50 9 158 158 57.0 151 30.75
Level (4) 55 10 178 178 62.7 169 34.42
Level (5) 60 12 196 193 68.4 183 37.27
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Table 4-2 Level of parameters in continuous low frequency sonication process

Microalgae
Parameter ) Power Flow rate Duty cycle pH
concentration
Unit oD WA pm sonication(min.) logCH
ni -lo
o0 b (ml/min) flow rate(min.) .
Factor X X, X, X, X;
Level (1) 15 108 (40%) rpm:150 5:1 5.26
Level (2) 2.8 185 (55%) rpm:250 10 - 1 7.85
Level (3) 3.16 207 (60%) rpm:350 20 01 10.12
Level (4) 413 225 (65%) pm:450 - -
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Fig. 4-3 Experimental results of output power
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Table 4-3 Flow rate according to revolution per minute

Revolution per minute

Flow rate ( ml/min )

150 415
250 700
350 1010
450 1290
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— 704 -F >
e LA AT = Flow rate 415 (ml/min)
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(a) Cell reduction variation according to flow rate
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Fig. 4-4 Experimental results of flow rate
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