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Abstract: The aim of the study was to optimize harvesting
method for concentrating microalgae from microalgae mass
culture. It is well known that the mass density of microalgae
is usually very low and these are small size (5-20 um) in the
culture medium. It is essential that microalgae is harvested
and concentrated economically for economical biodiesel
production from microalgae. In this study, to determine
optimized conditions for microalgae harvesting by chemical
flocculation. Flocculation of three algae, Chlorella ellipsoidea,
Dunaliella bardawil, and Dunaliella tertiolecta, was performed
using various chemical flocculants, such as inorganic
flocculants (aluminium sulfate, aluminium potassium sulfate,
ferrous sulfate, ferric sulfate, ferric chloride, calcium hydroxide,
sodium carbonate, sodium nitrite, and sodium aluminate),
organic flocculant (polyacrylamide), and biopolymer flocculants
(chitosan and starch). The results indicated that aluminium
based inorganic flocculants is suitable for microalgae
harvesting such as Chlorella ellipsoidea, Dunaliella bardawil,
and Dunaliella tertiolecta. The results also recommended that
flocculant doses, agitation speed, agitation time, sedimentation
time for economical microalgae harvesting method using
chemical flocculants.
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Fig. 1. (a) Flocculant concentration on the microalgae flocculation
efficiency: (a) C. ellipsoidea (b) D. bardawil (c) D. tertiolecta.
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Fig. 2. Flocculant concentration on the microalgae flocculation efficiency: (a) using a small amount of flocculant on the C. ellipsoidea (b)
using a large amount of flocculant on the C. ellipsoidea (c) using a large amount of flocculant on the D. bardawil (d) little or no flocculation
efficiency using a large amount of flocculant on the D. bardawil (e) using a small amount of flocculant on the D. tertiolecta (f) using a large

amount of flocculant on the D. tertiolecta.
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Fig. 3. Agitation speed on the flocculation efficiency.
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Fig. 4. Agitation time on the flocculation efficiency.

3.5. HAAZ| B2 v A 2F SR FF

Z}2ye] g3 Alell tfaliA] wMIZ=F Chlorella ellipsoideas
SHA 52} HAAZF (Sedimentation time)ZF2] THAIE
Table 104 & 4= Ql50] dolu it}

Ferric chloride oJ]’ 0.125 g/L, 0.25 g/L & w7} 0.5 g/L



148 Korean Society for Biotechnology and Bioengineering Journal 26: 143-150 (2011)

AREEIS o] BoF FHAZES 10 min 7 SIS v °F 7.8%
=9kt whHo] HAAS 20 mino® &S uf zhzt
98.7%, 99.2%2] H] 37 &S Holn & o7} gtk
w2}bA] Ferric chloride®] 73-9-= 0.125 g/LE AME31 20 min
o7 HAAANZEE = Ao] FHZolgkal A& UE 4 Qlth

Table 1. Sedimentation time on the microalgae flocculation efficiency

Flocculant Sedimentation time (min)
. Flocculants

concentration (g/L) 10 20 30 40 50
FeCl; 97.87 992 924 992 94
Fex(SOa)3 0.125 922 88.1 784 86.7
0.125 Ca(OH) 34 75 717 98 157
‘ Al(SOs); 926 95 942 925 94
AIK(SOs), 96 94 67 65 60
NaAlO, 6.4 11 128 137 13.8
FeCl; 979 992 98 983 977
Fex(SOs)3 779 98 683 83 75
025 Ca(OH), 963  90.6 957 983 984
' Al(SOs); 852 943 88 948 89.8
AIK(SOs), 94 9 78 74 68
NaAlO, 877 781 936 94 813
FeCl; 90.7 987 955 959 976
Fex(SOs); 874 898 89.5 783 88.7
05 Ca(OH), 96.6  99.7 100 974 885
' Al(SOs); 892 899 902 916 92
AIK(SOs2 972 994 99.9 100 100
NaAIO, 96.4 988 988 941 94

a) flocculation efficiency [%].

Ferric sulfate®] 73-9+= 34| =0l vk A F 8.9%
o] &3 FZ& AolE Btk TeE|ar SRA| sl wAlgle]
20 min°A Hof 4 8 Bt} wEbA Ferric sulfate
O] 4025 g/LY] HERE 20 minset FAAAS uf
A a&s Btk

Calcium hydroxide2] 749 0.125 g/LollA g5lo] 2 &
oL QAN A AR AeE RS &
ULk OB FEol &gt JAow Qg Zlow B
Ak S FEE 025 gL, 05 gLE 7 AHE W 84
FH0] 88.5 oo SHo] & dojutor 53] A F
0.5 g/L, FAAIRE 30 minelA] 100%2R= #H1e] &5 &
£ WYLk SN e steell HxARIO) 30 ming At
M &3 JEo] oAl ZE E1E 4 Qlsich

Aluminium sulfate®] 749+ &8A 557} 0.125 g/Loll
A= JART] BA0] 90% o] S5 E85 Bt
I8 SF FEE0.125 gL, FAAAIRE 20 minolA 95%F
Hu=Z Eokrk wbde] YA FE 025 gL 0.5 gL AR
a19S w) -S4 G580 0.125 gL AREES ) B} o] wigh
°1 0.25 g/L9] 75 Rl wEb ke A WEE
sh= AS 2RIEE = IRlH) o172 025 gL oV AR RS
o] #j kel f S7Fet 2FulE o] (Aluminium ion) 7} SAF
O] (Sulfate ion)2] F&o| HMEF S3S BRIl sh=
Z1oF Holth

Aluminium potassium sulfate®] 735 8 A =7}
0.125 g/L, 0.25 /Lol 10~20 min 3+ &3] Loyttt
AAARI] S7VE 3 a80] HoRe Zs gRrlst
T em Jhde] 0.5 g/LelAe ARl wheba] S5
FFo] F7Feto] 40 minolA= #1191 100%0l EEEhE
& 4= qlt) o]71& olntE aluminium sulfate 2} B] w.3)
Hoks W SRA FE710.125 gL, 025 gL A FERT
o] (potassium ion)®] 2|8} TlA|ZF-o] UKo SF o]
dofrlr} FZERF 0] (potassium ion)©] AJ{Fo] AJLprA]
Pk o2 (sulfate ion) ¥} THA] A3kS AT =A] - wA|
Z57F &4 A dEE Eekgtor, 05 gLl A9 VA
Z5 37lo] Z713E &Fn)E o] (ArY)ol oJEle] z A
WAl XERF 02 (Potassium ion)l &3 AAIARQ1 S5
doulA] ok= Ao® HRltk webA FHARle] F7rekrsE
A mEo] ek o= Zlow Helth

Sodium aluminate®] 73-7- -85 ¥57}0.125 /LSS W
AT BAIGIo] S3do] AL] dofubA] ekgkom] FFHA|
Frofl wbA 33 Jmho] 25 STk 2 el 7191
ShZlo® HRlth F5F 57 ARl wbe &4 a8%
7RI oM SAAl E5 0.5 gL, FZARE20 minol] 98.8%
th= HA9 &4 285 45 F Sk

Ak o2 JRdAgte] S7tdss o adol 57 o
AN A SR & S glon] A 7Rl $4
o7 Ao HEop ks A9k itk wEbA mlAlEF
o} A S 219t FHARES: AIZ 0= 10 mino|d
FEoths AEe UE Stk

TS calcium hydroxide, sodium aluminium sulfate ]
735 FArRIo] 713kl w34 af % F7FsHAIRE oA
& gl ot Blo|A] S AL ate & 4 glok SRk
A FE7F0.25 gL oV 7 83 &8l 78% ol
O vERTE: webA ol 85 tigh S5do] Lol 215k
A w57}t EAlshtar A iE 5= Qo 7538 aluminium
potassium sulfate®] 73-$-= 0.125 g/L2} 0.25 g/LollA] 3
AlZIo] 20 min©l$- FEl= &3 A (b EE G vlAl
ZH7F moPbe Als E1E 4 Atk o]FE calcium
hydroxide, sodium aluminium sulfate$} 92| ZE}lF o]
(potassium ion)l &Jate] dojwkdd 33 W& 7F A1
W02 S5 A (A GEE HEokt A o® Hlth
JEE SRR FEF S HelellA FHARRIe] AojxH
A vAEFE S A (b AEE HEo ks 7H A
ol WS Kt} ulebA] Y ENF ©]2 (potassium ion)©]|
ot AAA Rl Al S 7Fe7de] 3.2 aluminium
potassium sulfate 7-¢-%= 7 s5=7F AT Aes
i 5= Qo

4. A2
ajok mAlzF<] Chlorella ellipsoidea, Dunaliella bardawil

1237 Dunaliella tertiolectaS <2517 1814 Aluminium
sulfate, Aluminium potassium sulfate, Ferrous sulfate, Ferric
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sulfate, Ferric chloride, Calcium hydroxide, Sodium carbonate,
Sodium nitrite, Sodium aluminate, Polyacrylamide, Chitosan,
StarchE -5 3AE o83l A7-5 38 slISlch o] w, 53
A F7E, S7A oF, wHkEE wHEAZE T8]a A AIRE
< S R Bl Sl mAE RS E13 = ik

e PIMIET E (species), <5 (genus)oll TWEbA] 3 Al
7= SRAS st HE (A o7 R AlolE BT
om F93k 33 QIS HSITh Chlorella ellipsoidea®)
A5 dFalE A, Al 2 Al ] SAE A2 5
A T =2 4 T8-S B9, chitosan?] 9=
3ol dofur] £18lA 0.5 g/L olde] SRA| ol Dozt
th= AS gRlsieint. Bk ofye}, A Ald S4A1] 745
A (ferrous iron)e 3t 749 S3o] LofubA] sk
Ant Asto] o] 2 A 2 (ferric iron)S EEI H¢=
SHo] dofyit}, oA Halko] gl Jaks n|Hvk=
0|29 ejddkS- 9153t 1otk Dunaliella bardawil ] 73-$-
T oA S XS W &FulsT d AL SAAel
st} =2 &4 mgo] YR 3SR o U%laL
Dunaliella tertiolecta®] 7d-% &FuE AlgoM 2= 53
&S Btk ueba # AFA dd o g dFulyE
AL sHAVF =& 1 a¥E 7Ktk A& UE
ALk 53], Ml T2 nAET7E EFulE Alde] T
SRAAZ SHAA T Utk AR 58 gisitt o)A
= kA Adrgst 4] o]E2 7IHEC R SIS W Tl
0] (aluminium ion)°] BN FA w= A (+)9
sl (Charge)= a2t 739 A3 didol3d= Chlorella
ellipsoidea, Dunaliella bardawil, Dunaliella tertiolectaZ 55
A glolx &3 A the 7FeAdS WSk ik

T3 WREEESF wAIRR] S @8l wA e g
o] Atk= RS 2RI = QQltk mebA AY FzdstellA
WHHEEEE 80 rpm S WHIAIZERS 10 min ©.% k= 70|
AARoleRs AES UE = Qlok

SRR} AT ] SA afel nA= IS dof
R A58 3E F3lA= calcium hydroxide 2} sodium
aluminate &] 79 -&-3o] dojLr] gt AAE =7} AT
S Folsk 4= QI9lt}. 128]31 aluminium potassium sulfate
9] 749-+= 10 min o}FFH S5 - -S| REEE =, it
o] dojip= A& FRIT = Ql3ltk o] &3l LERF o
(potassium ion)°l| 2J3jo] 71932] E-4lo] o= Z1E 2Rl
g 4= QI3

upz|uko 2 S F et HHAIRk] &3 afol vA=
AFAANEFE S0 dofvh= dA =l e T7jar
Z ol oJal] dojvk= AR ] W Jgko] sk Rt
s o) dellM= HAA] S7HE5 33 a89]
7} Fo] AR Lk o5 SAA] o] HHAL H]
A B T8t SRR AS YeRdit). 183 7o)
AAlE 274 shellA HAAIZRS 10 min 02 Fsh= F0]
AAAoleh= A g 4 itk

2 A7 nARRERY ol gAE Al e
st 8k Ul 55 Alellx] AAIAR] sfek SAl o] 8-S B
sto] vl 7|9k vlo] eu| A AJAke] BAES ) A1
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