msviuradgammsieliiandiongsaladiuamuigmanuu]Fluniy

ﬂUEJ'JVIHﬂ?WEﬂ"Iﬂ‘i
qmmmmum'mmaﬂ

morimfidudiumiwenmsinmaumdngasiSuyaimnssumansumitudia
aMvamnssuell - madvimnssuail
AULIANIINANAAT  WIAINTHINMINIAY
Unrsdinm 2546
ISBN 974-17-4331-9

g
awmmmqmmnsfﬁumm 9108



MICROALGAE CELL DISRUPTION USING THREE-PHASE FLUIDIZED BED WITH AGITATOR

ﬂ‘lJEl’JVIEWI?WEJ”Iﬂ'ﬁ
q MBI BRI NHARE

for the Degree of Master of Engineering in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2003
ISBN 974-17-4331-9



Thesis Title MICROALGAE CELL DISRUPTION USING THREE-PHASE

FLUIDIZED BED WITH AGITATOR
By Miss Piradee Soontornsatid
Field of Study Chemical Engineering
Thesis Advisor Associate Professor Tawatchai Charinpanitkul, D. Eng.
Thesis Co-advisor Aparat Mahakhant, Ph. D.

Accepted b longkorn University in Partial

Fulfillment of the Requirements

.. Dean of the Faculty of Engineering

THESIS COMMITTEE

/

........ HEA 2 oy 99 \:.. Chairman

I e ———
D¥ o foceailidiiwiibanitbananiebalkaot

A T TNE Ty =
N ﬁ - (od bl Thesfs/Co-advisor

T bk bbb b 11 2)1 61 )

....... L ... Member

(Assistant Professor Prasert Pavasant, Ph.D.)



v

fsm qunsading : nsvinmadqasmineusnsaavigdaladiunaiaipniauuy el
A1, (MICROALGAE CELL DISRUPTION USING THREE-PHASE FLUIDIZED BED
WITH AGITATOR) 0. fitfinun : sr.as. adnde  uwndlang, 8.7mfBnwsam e,

NS Wvndus 119 Wt ISBN 974-17-4331-9

Ansnnsiadqaamigliundoegdaediuaauipniaundlunouialszney

Tufae 81NTA, ANTUVIUADLATNIN Kupiuguenans 1w fuipniages
ANNIA UDIURILRZUDILLUNA 4 Ll Chlorella ellipsoidea TISTR 8260
Chrooccus sp. TISTR 862 @509 Tnadanuidintueg szndng

(9-15) x10° LmAAFDTARRDY Farsnnineiula eI g0 na uaz AmIEENT
uwruage atflugag 0-1 - 0-3000 saUFRUM  WANTON
UszANTNINNITUAN LD FUANVONTAR, LTNIRIUD
aaLazLSuUAnD TN mmmﬂmmmﬂﬂ‘é’wmwmﬂ
RINNABIANTIALL
' \ Jadeian uwsiaztladesingli
UssAvisnmnnisusnaeaaad infPssis —An51A quL%'*qmmmmefnuﬁaﬂjémumm
pifafl 10 mﬂmmﬂuﬂu VBN T Lsziﬂﬁqqﬁzgmﬁm.s and 38.5%  usiidle
AL TRy sraedinn 1 gmuanananuiEsaunstiunau

0 I TARAIRATI38.5%  UAzie
ot
ijak ma%ﬁmmmu@;ﬁq 936% ne

:I/ ! d‘ 3
UUALIMNAINNLTITD] -‘E"
o ¥

1 3 Tlady Lﬂjﬂda‘:nuﬂfau 11]9+%

ﬂ%ﬂﬂﬂ’\ﬂﬂ.WlNﬂVlﬁWﬂWﬂﬂ’]itLﬂ“ll'ﬂﬂL‘ﬁﬂﬂﬂﬂ mwﬂurmﬂmnum ﬂWTﬂT:WUﬁU?ZMdWQQﬂ

s SUHFABATNY 1N T
ammmmumwmé’a

i

NPT, .. AFNTIHAR oo AuinTatidn
AT, . AFINTTHAN oo mauﬂ%ﬂm@wwﬁﬂm

TNN9RANN. 2546, ..o Aeflateanansianmnsan



##4370424321 : MAJOR CHEMICAL ENGINEERING
KEY WORD: CELL RUPTURED/ MICROALGAL/ FLUIDIZED BED

PIRADEE SOONTORNSATID: (MICROALGAE CELL DISRUPTION USING THREE-
PHASE FLUIDIZED BED WITH AGITATOR) THESIS ADVISOR : ASSOC. PROF.
TAWATCHAI CHARINPANITKUL, THESIS CO-ADVISER : DR. APARAT MAHAKHANT,
119 pp. ISBN: 974-17-4331-9

Microalgal cells digruption w ’! d by using three-phase fluidized bed

1 mm) are treated as gas, liquid,

performance. Chlorella  elligsoidga FTUSTE \ 0 ,occus sp. TISTR 8625 and

highest value of cell disrupﬁr{ at 41.8 ¢ ' lveﬁ. An increase in superficial gas

or liquid velocities resulted ml',a decrease in the percentage of cell disruption for all species

investigated. Meanﬁl%%t 6@ %ﬁ%ﬁ&ﬂpﬂ Gaﬂﬁlghest percentage of cell

disruption at 38.5%. ftl the systems emplo¥|ng all d|srupt|on factors, namely, superficial gas and
liquid velocﬁ Wi@lgﬂﬂtﬁﬂ mrﬂjr%dq Sa %E’ad’]uﬂ Eje% Based on the
experimental fresults, dominating disruption mechanisms could be implied as; the grinding
effect beads due to particle-particle interaction and particle-cell interaction, and shear stress

due to the fluid flow.

Department ...Chemical...Engineering... Student’s signature...... P”d"e; ...................

Field of study ...Chemical...Engineering... Advisor's sugnature...:z.(/w ..... o e ...
Academic year............ 2011 ¢ S Co-advisor's signature ﬂ (2l “’”A 4 ”’”*‘A



VI

ACKNOWLEDGMENT

This thesis is the result of my attendance but its cannot be accomplished without

support from many people. | would like to express my deepest gratitude to my thesis

advisor, Assoc. Prof. Dr. Tawa hari i and co-advisor, Dr. Aparat
Mahakhant for their encouragi ancey advice, discussion and helpful suggestions
throughout the course of thigy ’ wledge the member of my thesis
committee, Prof. Dr. - 3 . Prof. Dr. Prasert Pavasant for
their invaluable sugge

This thesis has ! ailand Reserch Fund (TRF) ,
bf—:b P \ 3 tudents) and Microbiological
Resources Center ( CEN)J Th ﬂst ¢ Scientific and Technological

r ¥ 13

Ministry of University

Research (TISTR).

Furthermore, special tharks. re 4 0 'my friends at Satriwithaya School &
KMITL & CU, senoir project, A ers at TPTC lab and MIRCEN, for their
help and cheer. .
Finally, | wi he: 'I afid my grandparents for their

invaluable love, suppBand inspiration all times.

ﬂ‘lJEl’J“leliWEl']ﬂ‘i
ammnimummmaa



CONTENTS

ABETRAET I THAL cousmasnssyosenssssysssosssassissssssommn s s amsssss i v
ABSTRACT IN ENGLISH. ... veveseenenses unssosssssesessanssssisssnssssnssissssasssssisssisss
ACKNOWLEDGEMENT...........
CONTENTS......o.ccovvvee N

LIST OF TABLES.....
LIST OF FIGURES. "=
NOMENCLATURES™..

CHAPTER
1

LITERATURE R

ALGAL AND GELL DISRUP HHON oo oo oo
MICROALE

31 AGE....
W iF |

3.1 A Definition of AlGae. cwve ssusmss sous s v o sssmsrsmsosses o iorss
‘a (Y
4] 3.1.3 Nonmotile -orms Lacking Vegetative Cell Division..................

g ST NNy

322 High-Pressure HOMOGEMIZEN .....oun visinen sosns s iasemsmssssmmsvin s
33 Measurement of Cell Disruption ..........cc.oooiviiiiiiiii i
3871 DirEBLMEROUS. ... imcmnimmiimmn i o A e s SR reians
3.3.2. INAITEEt MEBUROU. ..conns et £ s p s oot

LV

L X
o XVII



VI

CONTENTS (continued)

CHAPTER PAGE

4 FUNDAMENTAL OF GAS-LIQUID-SOLID FLUIDIZATION. ...........cooevccverrnnn. 24
4.1 Gas-Liquid-Solid Fluidization...............coooiiiiei e 25
4.2 776 | (010 1Y 4710111 o7 HNME NS O 25

4.2.1

b |
6 RESULTS A Llfl DISCUS
Dlsrurflﬁof Chlorella ellipséidea TISTR 8260...............cccceeen.n... 48

ﬂ U R ERLHEATLD.....cc i

6 1.2  Effect of Superficial LIGUIGRUEIOCIY. ..o figfonsosusse usssssssaneas 58
R RIBIUUNT NYIRE)...c
6.1.4 Combined Effect of All Variables on ..........cccoccevviiiicninnnn, 73

Disruption of Chlorella ellipsoidea

6.2 Disruption of Chroococcus Sp..................cccoeceiieiiiiiiiiiiiiiine... 85



IX

CONTENTS (continued)

CHAPTER PAGE
6.2.1 Effect of Superficial Gas Velocity on...........ccccccovvvveiiiiiinnnn. 85
Microalgal Cell Disruption
6.2.2 Combined effects of all variable on...........cccccccoiiiiiiiins 91

disruption of

4r@0CCOCUS Sp.
|

6.3.1 EHECPORSUDErTICIA A UROBItY ON......ooooooooooeoooeoseooo 93

6.3 Disruption of & 93

=

6.3.2 ed'effedtsiof all o Rvariable on...........cooceeeee 99

#Clispdpic HIOTOGOCEUM . SPbwsthe - ovvoeveeee e
7 concLusiong’aub ReComn . 105
71 cofiClugibnell. £, ) ‘ e SO 105
7.2 nsfor Fi | . 106
REFERENGES........ M ... A .. e 107
APPENDICES.............. WD W SO 110
BIOGRAPY................... LTI T, e 119

AULINENINYINg
PRI TUAMINYAE



LIST OF TABLES

PAGE
Table 3-1 Process variable of Dead Mill.....cc.euror i commmnsinssis osssnimssns s e sansvess 15
Table 4-1 Examples of applications s. ' /‘/ -phase fluidized bed processing........... 24
' \

Table 5-1. The detail of f _ / ............................................. 42

Table 6-1 Calculated minimumm fluidiZation Veloemy N ....................c..ccccoveeeereen, 49

s

a three-phasgi

Table 6-2 Estimation gffShe@prate.... T ——— 51

AULINENINYINT
AR TN TN



LIST OF TABLES

PAGE
Table 3-1 Process variable of bead mill.....................ccooeeiiieeininn. e 15
Table 4-1 Examples of applicatic q thgeesphase fluidized bed Processing s 24
Table 5-1. The detail of fluij d syste / ............................................ 42
Table 6-1 Calculated. mimimuii-fiUidization VEIOGRYsINE ......................c....cooeerrrrre. 49

a three-pHase irl""'?:; ’ .
Table 6-2 Estimatioh o / At e R 51

AULINENINYINS
ARIANTAUNNINGIAY



LIST OF FIGURES

PAGE
Figure 3-1 Diagram of the organization of the cellular...................cccccoovveecciieccrenn 11
envelopes of certain blug-green algae.
I ‘ domonas eugametos 12
.............................................................. 13
e —— 13
R TR . ..........oovoueenerrsninenernaneresens 14
........................................... 19
=Ssure homogenizer................. 21
using
Figure 4-1 Schem sentation of ¢ - | IS 5T § 5T R —— 26
-sol n stems with liquid
as the continfloug phase. -
Figure 4-2 Pressure drop a A;,,'—,"f'- he u,,_f i 1,7 AT 28
for Aot '
Figure 4-3 v—‘s‘ g 2 A 31
Figure 4-4 Flow paitern of a radial-flow turbine in an unbaffled column...................... 34
Figure 4-5 ﬁ ﬁ m% E] % %fwﬁfyi ﬁ J‘fnn With....oooooveeee o 35
Figure 4-6 The relationship betwé€en Reynolds mamber and Drag €oefficient............ 37
F.awmﬁnmmum'g NV
Flgu e 5-1 Schematic diagram of three-phase fluidized bed................cccoceeeeenn... 41
employed in the experiment.
Figure 5-2 Diagram showing the insSide of ................ccooioiecii oo 43

three phase fluidized bed with agitation.

Figure 6-1 Percentage of cell ruptured at various superficial gas velocities............... 52



X1

LIST OF FIGURES (continues)

PAGE
Figure 6-2 Rate of Chlorella ellipsoidea cells disruption @t .................ccoeeevecereveceenn, 53
various superficial gas velocities.
Figure 6-3 Ratio of volume of Chlorella ellipsoidea cells measured.......................... 54

between various operating, time and starting time at

various superficial: : ‘ }/. ’
Figure 6-4 Ratio of incre asing.Ct roh ( /la ellipsoidea cells................. 55

between operating-time and stay ng.time at various

superficial ga&™ 53 \
Figure 6-5 Morpholog iorella ellipsoidea (x1000)at.............cccovveeeeeceeeeeeenn. 56

various supe

Figure 6-6 The ph€nomien: -’M:‘ ] KING ZONE. .........cooevevreeeeiee e 57

Figure 6-7 Percenta@e of ( ' pSbidea cells O Y i s G e 60

at various s

Figure 6-8 Rate of Chloréllagflipsoidea « STUPLION @t.....covveeeeieceieccce e 61
i ial liquid veloc
various superﬁc a_‘i
Figure 6-9 Ratig.okvolume of Chlorella ellipsoideacellsi 4. .................................... 62
e 4 N
measdred al tarting time
at -lt! superficial liquid velocities. i
Figure 6-10 Ratio of ifcréasing Chloro hyM of Chlorella ellipsoidea cells.............ovs 63
wp:m b atvbrbs

superﬁmal liquid velogities.

AV D UBAINHAR &)...c

superficial liquid velocities.



X1

LIST OF FIGURES (continues)

PAGE
Figure 6.12. Percentage of Chlorella ellipsoidea cells disruption at ............................ 65
various superficial liquid velocities.
Figure 6-13 Percentage of Chlorella ellipsoidea cells disruption at...............c.cceenee. 67

various agitation spee

Figure 6-14 Rate of Chlorella

3 \ i /ruptlon ALVATIOUS. s mm s 68
agitation spe w

Figure 6-15 Ratio of volum lor/a ellipse sells at....vvvieeieeeee e 70
operatingstime u arting time at v 7 s agitation speeds.

Figure 6-16 Ratio of jnéfeasind Chlorophyl i, . 71
Chlorellz |
starting tip
Figure 6-17 Morphalog ,« ] .,' ‘ ea (> O (e e, sy o 0 sy, . o7 72

various ag

Figure 6-18 Percentage/®of Ghloselia ellif 3 cells disruption..........ccocoeeeviiiinnnn. 74
at various supge 1;;:?1‘ al.ga .gt., ith constant
Figure 6-19 Rate6f C ol - | S 75

“ superficial gas velocities with conm

“ﬁ."““ﬁﬁ%ﬁ‘%&ﬁﬁm ............................... ’

measured at varioustoperating time:and starting timeg_»

A WA el A I ) Y

superficial liquid velocity and agitation speed.

variou

Figure 6-21 Ratio of chlorophyll a of Chlorella ellipsoide cells.................cccceeeennn. 7
at operating time and starting time at various
superficial gas velocities with constant

superficial liquid velocity and agitation speed.



X1V

LIST OF FIGURES (continues)

PAGE

Figure 6-22 Morphology of Chlorella ellipsoidea (x1000)............ccooveviiiiiiiiennes 78

at various superficial gas velocities with constant
superficial liquid velocity and agitation speed.

Figure 6-23 Percentage of Chlor ,- ellipsoidea cells disruption..............cocooooeeeinn. 80
glogities with constant
aﬁeed.

Figure 6-24 Rate of C graliem®llinsoidea cellSmalisguption at.................coccoeiiiiiniins 81

various stper; n-\ nstant
ool // L% \\,\
Figure 6-25 Ratio of measured .......................... 82
between yarigu . ng time at
various sup )l liguio onstant
superficial gas ' gitatio "l pd.
Figure 6-26 Ratio of Chi6 d‘:’v"-'i'ﬁ of OF A 1i0S0idea CEllS. ..., 83
j time at various
SUDE .:".' :
Figure 6-27 Morphe !I ogy of Chlorella ellipsoidea (x100 ) 84
AL TS
Figure 6- 28 Percentage of Chrod€occus 8. COllIIStUPON.. .o o M vees covvemonsams o 86
o Wk bl odiead=d VI E)") H
Flgure 6-29 Rate of Chroococcus sp. cells disruption.....cvimmssmvsmiimmmmmimassimsmmass 87

at various superficial gas velocities.



LIST OF FIGURES (continues)

Figure 6-30 Ratio of volume of Chroococcus sp. cells measured....................

between various operating time and starting time

at various superficial gas velocities.

Figure 6-31 Ratio of Chlorophyll A of chroococcus sp. cells............cc.cooeene..

Figure 6-32 - 0 GUS SRXA00)At..........cooeeieeeeeen

Figure 6-33

\& perficial gas velocity
- |

and candiiio ad sur gas an uid velocity

and agitation sj edﬁrﬂ

& M

Figure 6-34 Percentagé o ho sp. cells disruptionat...................

various supérfigial.gas.velo;

Figure 6-35 Rate of Chloro é},’# G, SP.C : TON) At somssmsmsamms s

variou:
Figure6-36 Rat o.0f
between various operating time and startim time at

various ﬁmﬁcual gas velocities.

s-ﬂu UANNINYART.

etween operating timme and startm ime at

UL H%‘Iﬂ’) NYIRE

6-38 Morphology of Chlorococcum sp. (x400) at various.....................

superficial gas velocities.

cells d **»Ho compare............

XV

........... 97



LIST OF FIGURES (continues)

Figure 6-39 Percentage of Chlorococcum sp. (TISTR 8509)........cccccovevevuennnne.

cell disruption compare between the conditions had only
superficial gas velocity and the condition had superficial gas

and liquid velocity and agitation speed cell disruption.
L "

Figure 6-40 Percentage of Ct disruptic agjous cell species.....................

Jea and ChfbeeBCcus sp.).

] W/
(Chlorelia gllipseids

Figure 6-41 Size distributio@er.ChlordcoCCUMSR, SUSPENSION........................

at 0 anc
Figure 6-42. Morphale@y

at various'opg

AULINENINYINT
ARIANTAUUNIING 1A Y

XVI



NOMENCLATURES

A E the cross section area of column (m)

the projected area of particle measured in plane perpendicular to

direction of motion of particle (-)

Ar ; Archimedes number

C

CO

CD

Da

Do

dﬂ

D,

dP/dz :

E

g the gravita

H the effect

) A

J

12 gth of impeller blades (m)
M1 ivob bl e
- ﬂ ﬁ ght fﬁdﬂﬁn ﬂq(ﬂi

m e mass of artlc

amam 831Ny

Impeller speed (rpm)

P : the operating pressure (psia)
AP pressure drop (psia)
q : the total volume of fluid throughput the CSTR (ma)

Remfo : Reynolds number at minimum fluidization
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S : the cross-section area of empty column (m)

Uy : minimum fluidized bed velocity (m/s)

u, ; terminal velocity (m/s)

U, : superficial gas velocity (cm/min)

y, : superficial liquid velocity (cm/min)

b/ wi minimum fluidization velocity in a three-phase fluidize bed system (m/s)
Usp : minimum fluidization velocity for a liquid-solid system (m/s)

m
)

gasholdup ;‘.,

liquid Rolddp (-),7. ’

’ 7 .
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A

m

m

3

m

»

solid hole

S
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surfaclz‘e tension (mN/m)
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average shear rate (1/s)
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