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Progress in microalgae harvesting technology
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Abstract: Microalgae are promising biological resource, which will play important role in environmental
protection, wastewater treatment and clean energy production. However, the high-cost of the harvesting
process limits its large-scale application. Thus, it is quite important to find economical,
environment-friendly, and efficient microalgae harvest technologies. This paper reviewed the advantage
and disadvantage of different microalgae harvesting methods, including centrifugation, sedimentation,
filtration, flotation, and flocculation technology. This paper focus on research progress about flocculation
technology. The main aim is hoping to provide some theorical and technological support for economic,
environment-friendly, efficient harvesting technologies to promote the microalgae industry.
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PR MR AR RS e R DB A Z
—, TESMAESHER ) Z 5040, BIaRK . &
L T PRI R SE . B e] DL SR
HIHAE CO2, AW 4 CREFE 22 Ry i BB I B
S, TEGRIIRET . DG Tl 3 AL e, e 5 A T
HFER . WA IR . s, FFm
— SO A A AL E T A, T T TN M TR
(docosahexaenoic acid, DHA) . .+ Bk 1 /& iz
(eicosapentaenoic acid, EPA)FI{a, 7%, XS4 i
FEE SRR A Tl Iz B2 1Ak, fk
AR I f ] S BOAR B AR L KRS LA )
BH 228, R MBI EASR. Y
SEi . HEAE), DA KR B AL B S 7K X Y
W5 A28,

AR AR = R BE, (ER IO A
Ao g e PR A 38 1 FH R 7 P g i %) I
Z—W TR A AR RN (330 pm), Fi SR
R 15 SR T L IR OF 0l — 2 <0.6 /L, St
Wi g — <3 g/L) ., B 4 A 2 E AT AT 00 H A
(—7.5——40 mV)SEREPE, T BURCGH A1 A — R &
FET R IR, RWOEEE X, 38 m 1 SR o
AT a3 i A B 2 B SR WSO 19 08 AR 24 1 84Tl
WA TR A 20%-30%50, (A, G4k — R
BAS R R A SR IR R A A e 7l Y
Pl e R ST B, AR SO AT AF SR i 18 1Y) Rl
KW AR BT G, HEEMNA T EEHAREN
SR A TR AR B O L 10T S BB ) R ARG SR AL
AR AR S BlCE 7 i R e R I — s ) B iR
SRR AR AR 4R
1 HERBEAEAN

HURT, Bl SR W 3 248 R A F0R 04 8 .00 03
L atuk . UURE . TR RIEEEES, RS A ER XA
[ RIS AR T T
1.1 BULaBEAR

5L A% A (centrifugation) J2 | H 0 BIL i 2 i
B IF 77 A I SR A 0 ) (TR B B TR R R A )

B, IR OB A TR MO — R R 2 H I
FAVE el A ) 2 A BRI AR Z —

O — O] AR AR AR, s T
95%., TEEANMLAY RN WL . DTREREE . B0
TR L B0 ) IV I ) #8 23 X5F R R
FEAESZ I T Heasman A5 U5 i 5.0 70 8 4 AR X
9 Fh i3 (P. lutheri, lsochrysis sp., C. calcitrans,
S. costatum , T. pseudonana, P. tricornutum ,
C. muelleri, T.chui, N.oculata)iFfy /" RIiL5256,
fE25.0>77 13000, 6000 Al 1300xg 2514, 9 A
B 1 SR ML RLR 5 B AE 95%-100% . 46%—79% Al
5%—66%Z [i1] . 5KEIHFAFEFH 28 000 r/min )4
11082 L/min (14 3 7K i A6 175 7K e 1 3% 19
(Me % 1.2 g/L A1 pH 7.0)E4 7 25000 2 R, Rk
M 0.76 g/min, RUCHCERN 84.1%, WATFTEGS
ik 337.11%.

ARl FE 5 0 4 85 R SR MO LA 48 T
Gy &Y =TI oY & 5 () 1B VA T T =
o A3E A FH T E A SR, R E R
AR, fRIERERERT . WA IB T F4Ed A%
AREEME, X CEEME T s ir A, K
W2 B A B0 A5 T BB g BRI 457 i 19 B 5 A0
N
1.2 FiEREAR

1 (filtration) J& — Rl L 64 [0 73 B H2 A
FER R MG PR A E . IR 1561
A P ol 1 3% 00 3o S F B BB 5 — 0, TR
35 201 A ) 0 3 D R R T R SRR AE —RE . AT S
PR H i

ARG WY i L Bl A 1 R o R A
M AS[6), 3 38 0T L) 43 & 5 3E (microfiltration
0.1-10 um) . H1j&(smacrofiltration, 10 um). FE¥i
i J€ (dead end filtration) . i J& (ultrafiltration ,
0.02-0.2 pm) . YJ Ifj Ji 4 JE (tangential flow
filtration) . FL%5 35 1€ (vacuum filtration) il 713§
(pressure filtration). 7 FH % BB JHEL 45 28 D S £ 45
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(polyvinylidene chloride , PVDF) . 3 N ¥ Il
(polyacrylonitrile, PAN). RFiffid (polyethersulfone,
PES) . ® U % & ¥ (polytetrafluoroethylene ,
PTFE) . SRk -2 £ I ML % ¢ filil (polyethersulfone
polyvinyl-pyrollidone , PES-PVP)IOl 5 2 1A 1Y 7%
F P 2 A5 ) R R Y e AR, R R I
P8 3 8 AR T I (KT A P A A

TR 41 A ) AR RIS /N AT 200 L 71 3 A e 56 Wi o
UERCR Y LR FE R i D B A R L U8
12 XA MR RS R A e, 3 B AR SR WAL
iy, WIZiESE (Spirulina sp.) . %303 (Coelastrum
sp.)s TAHMAARTRES NS, dn/Nek i (Chlorella
sp.). TPl EREE (Nannochloropsis sp.) Il 75 5 7 12 1€
R R AR R B S, SEGHIERT
B2 A e Bl 7 2k R o 240 RS R 240 G S 3 s
Yz hE . AT ) WS s E R,
SN B AR S AE IR AL A2 100 nm Y
W T AR O I S e B R F T, 2RI IR RE S A
SOBCHR/INEREE . 98% R 7K HE A1 A LA F 7 XA AR
B, T D R TR RE 5 AR AT i e, Tk
K7 m T 34, oK el A IR D&t 2R R i 10 cm
JCHRERE, WA AR S iE T IR RE . RO
TAL b IS MR IZ Hy WE %, SER IR, M
00 e A0 T e, T L 0 M SRR B ok
U8 S 0 . A

o 08 2 R ORI AT Al Ak 2 R0 SR B
R e e . R i8R A S5 AR HAFEY
BT, SRR AR . (R E g RS2 S SRR R
WIS SE AL K, A5 I BEs YLy ) 3, 5
BN I 1 B A T R A AR, X S n) G BE
BT RWOEAS, H125 T g R R A — LA
FI
1.3 SRR

TR (sediment) 2 1| FH T g 41 A X Gl i A 700
o SR AL F — Rl G R o e 200 A % T (X614 it R
NS RT3 & P SRR - AU 25 % N BT !
¥ W A 5% R B R TRE G 5 (Melosira

sp.) . I 2 A %% JEE B /0N 19 T e e Sk Tl A
(Microcystis aeruginosa) — fii A~ ik ‘T & £ R %
W V522 IR R AR R T e IO, 91 dn gk 3
FINGCEE AR T 2 5 S 116 18-190

W TR RORAFAERCRAR . FEMY S5 [n] 1
KU AE S PR A 77 o, DURREOR — i 4R Bk
. EDSFRARES S ER, DA TR ],
P A2,
14 SiFEHER

AR (air flotation) & A1 FH T A 2 A
(OB EAE<0.1 mm), H57 4 By R AU N TR RS
A TR ML 18T, T I D AR A I 4 A
W, SRJE IR AN M2 2 B AR R, AR
FEIRN OB T B R — R AR, R
JEWMAE, SRR KR . R EST
T AT R AR,

HURZ S REP e (7287 S NG B L2 6 %4 )
W o A3 b T B TR B KT, DT S B
PGSR . HOTRIRIEATT LM, R REFE
AT R, S FICRE TR eI 5T I — A TR . R
K E BB S A FCRE AR 2 T, 7 B RN L
TARMES A G A RO, F, ES0F
Aok R H T VAN T 260 7R R 20 R A R 6 T B
KAk, S ORL A AU RE s ORE B4 U
KA, NG I GCRE SRR . AR T X 46 24 7]
I A 112 X FCBE ) AR A T A AN RSZ ], X Ui
12 T Y22 i B A S ok S AR
NARBGR] R AR RO RN ER S, 1 fi i 4l
WOR Y . BEFESE . BEROREE . M pH ANE L
AT, RICGE R IA 98.35%. Garg “¢R243s N
+ - J5e L E (dodecyl pyridinium chloride, DPC)
i Dy 210006 VR, R RO B R R T R
(Tetraselmis sp. M8)JEAT J 73 5 RS H: , W AERY
Y Y T B (Tetraselmis sp. M) fz 2% e Ji 184 fin 1
23 1%, RUWCHCEEATLLKE] 99%) |- Wang %125
H 73 il 2SSO R RO B K, LR Ry
96.5% , il T £ A ek A 2 B I 5] AR
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B RRFREEE—ENESTET
K RALRE, SREEK R BRRE, R ks
F 3077 20" AU (— B 20100 pm) Y 1
2, BEAR I oW R PSR . SIIRTRE A
AT TR AR, W TR R i
OB I Ts g . B JTIE TR H AT A
e, X E R R PR B A R, LIS R E R
WS B E AR K R R A] A R D R
FE—SEFRRE N T RBAE, Ok RERER & AL
WM A, BRI 4400, R R RGP
FHRE 9 TR BT PR/ ER 3 A — o 4 3 ik
TP 7R, KB R 2 s S .
TE L VAU BRI B X Bl 1 SR A
SE LA SRR G . G )R g R — i 4
M % W % 4> %]k 60.3% . 68.1% 1 65.4% .
Nguyen 45 28I H Fk 338 S 15 R TR H Y
WEEE RN Bk AF 1.5 kg(f)lem? H I3 Rk E a pl4:
BRARIKF] 99%.,

HE 7 0T Sl T S R L 0 0 AE BH AR A
B AR HL ARt SRR N Ao, Tl B
A BT IR BRSO H Y. i P
A4 LT B8 . e B M BH R i i e A 8
s SRS K 88 ZE R R A AR LR (4
M dkeka; 2Tk, ARaE M angs &% R LR L
BEY) . IeRAERAML B ALY, S RRGS A T
FIHFWARMP R A A AR AR
(ORI AE 22-50 pm), 1] LAt/ I HL RS
MR OB A M R BE B s B0 534, LR UIT
VW pH EFZ W /N GE T pH 4.0-10.0 [19iF
H)BY AR HL R AN TR IO K ., e
BT AL, SRR, Ak T9050
BB,

F T Bl 8 4 5 3 2 ) R BRI AR 22
5y 3% 7K i 0 55 0 5 ) g M B, 2 T S e SR Wi AL
R ARSI AR AR, BRAH AR,

K, 20 o R EOoR

AR b SCH IR Y JLR R R AR BB EAR 45 A 1Y
PRI pT AETCEE ™ A 7 A 3 TR, FREL
13 7T —ERRCR, SR LR R A Y sk s Al
97 FH 3 1, 8 A Rl SR WA 1 M D K 4 B R Y
YER . BRI, e Al =l iy PRkt e g, 14K
— M v AR SRR AR E A 41
LR,
2 BB IE

225k (flocculation) S A fafl 5 3= 2 42 1 0 v A o
A0 POSHAE PR R A R S —E, AR
Je 3 2 T g A T 56 B TR R H Y . 2R
BERA B AT PERCROECR, IFRE B E IR K
AEFE. R 2R BEH RIS B AT RS R W W
Bz —. HAE ARGk E R s 2
B, PSR P SRR R,
21 hEFEEER

JCHLA 27 22 I ) 55 S5 0 AR A Ak 27
Yyt JE ek A R SRAT AR A i R R o T
B TF IO IO A0 SR AE AT, R TR,
T 56 BT Tl 41 A 1 22 5 R i, AR 2200 (R
), b2 2B LA AR S CHL R RS o
T2 %k
211 FTHZEE

GE BT Fedr . AR Mg al DL Al
200 OO 1T A T A, 1 IR Tl A ] Y i R R
JI T CEE A 2 ) Y SRR, B R B R
FEAIRR . Rk, 48 &1 205 TR0 0 2%
KW, TGN IR R R, XS R ik
fiB I 1SR L Y S AL HEE Y, I Fe(OH)s .
AI(OH)s fil Mg(OH)s, i isF [ ST v 4 FH i bl
Y 2R BRI

I 1 1 A B ] AL(SO4)3 . NH4AI(SOu),
KAI(SO4)2. MgSOs. Fea(SO4)s. FeClsix 6 A
BIL 22 58 770 %5 A1 1Y) 75 %3 3% (Botryococcus  braunii) ik
177 BBESCH, KB 6 Pl 22 0%E R X A B4 4
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(Botryococcus braunii) ¥ £ £ B4, H &
Alp(SOs)s, KAI(SOu), Fil FeCla X 3 Foft 22 ¥k 71| 45 ¢ S
G390 1.1, 045, 0.9 g/L B BRI, 405
N 91.2%, 93.5%, 88.0%. XZERMEH] FeCls,
Fez(SO4)3\ A|C|3\ KA|(SO4)2\ Ca(OH)z\ NaOH .
SN IR TRE R ST SR ME 8 ol 22 558 A7) 0 4% RN EK
(Chlorella emersonii) # 17 | % % 92 %, H &
Fe2(SO4)3. 1ML, Ca(OH).. NaOH 7 ¥ 435I N
0.3. 0.7, 0.5, 0.9 g/L ¥ & yikEm % 80 min
M5B8 2 F T, B IEC/NER# (Chlorella emersonii)
1 22 BRI 1T LUK F) 90%LU I

Fed* | AR 4 & 20 78 55 3% 3 A i m LUE 1 3
B, BREERAEK, MEASMMREKE, BE5HEk
BN BAAAILBRRAS A A S LI
I B A, PR LT E, SC B
PRI H ree, 2SRRI A 1.5 o/l A6
R Bk 22 % T 4 210 Bk % (Haematococcus  pluvialis)
120 min WY ZEEERCR AT LLIKF 90%., Wu FFE7%
B 4 Flyfe (300, 500, 700 F1 900 mg/L)E &Mk
B0 12 BB 1 A0 2R W — M T TR R G H5r %
(Isochrysis galbana), ZEEACRIAE 98.2%L) .

AL BB FA PR FE R B0 ZRBERCR
o NHYEET SN . (AEREE R TS
AT E&IBEF, WERAFAY, o] 8820 B 5l
BE I AR AR RO Y e 3 LTS e, AN PR
PSSR w0 A, R AR Y 4
I AR TR
212 SHTER

i 23 T 2R Y A LB & a3 1 A R 2R
B L DO 25 A P 2 R Tl e 0 o ) SR AR A AT B2,
FHBY 1 1 2860 F 24045 9'C BB (chitosan) . 1
- yE k) (cationic starch)B9 | 255 (inulin)0l | &
N OJE B3 4 4k % (diallyldimethylammonium
chloride, DADMAC) ., X Z & (ethyleneimine) .
% 1% W (polyethyleneimine polymers, PED)#il
g (vinylamine) %

Rashid 25 U3 ] S8 2 BER UMK S, 7E

2-3 min A/NEREERY 2 EERCRME A LA T 90% LU
b, EEFREE pH S R2 5 RO Y 2 EERR .
15 DR A 5 T2 6] 25 B I 25— D Ao o B8 A4 1 3 1)
LERCR AT LIAE] 90%LL |, I HES SR pH 78
5.0-9.0  F1431 Ml P X B 25 1T Mo 14 2R BB 03 JCATAv]
R

7T SEMEFIBH 5 1 € b A o Y 1) K AR 8 o 1
ZEER, BRARENR, YRR, Kisd.
i FFR /NS S R AR &, S E3H
HOHE LA AL B i) v 4 F S EE R B . B
FT R At 1 BiF 5% 4 w7 DAk 5E 3R OB 4SVRI B 5 1
Rl A e Ak b DU A = AR, 35 F
FHUASAE FH
2.2 EEREA

VB S%E F AE  R BRI e, SikE
LEM L, Py PR G — e PR Lnl DLk ik 2
SUEER AT e ), o R R R e ol i ]
FREL e e
221 HBER

Hi, 22 ¥5¢ (electrocoagulation) Sz A FH BH % e, i 5
AT %) <2 B 5 7 P R TRl 4 A 9 1 ) 7 fEL A
M IRl e B R A RS RS, (I8 i 22 4
TN BH AR A= 1 Y 000 T LB A 7 e 2L e IR
WA, R BRAR, AE B IR R A X B A T
K. HL B AR BESOR I TR AR . HL iR
BF IR R I %5 B DL R B 3 W 2 B o3 9, AR R
P O] R e SR AR i A 22 3 AR AR DL BRI TG Y
LR, XA R E R R E A,

TF 9% 2 W AE {5 FH e, 22 R B AR X TR 1 7 R M
F, B0 A SRR T e o TRk X FE R R
fEHLZEEES R, B A0 T ri PR BE S A e s fL
K, fFEMRIAERRET, SEEEEmAEEZH
) BT, Landels S5USVR A 2205 AT LUIAT 0K
W2 AR AN 1-40 pm 19 O FRGEE, IERARIR KL
B, WAASEE KR . WINER LR RCHCE M —
A, Liv ZEU8LLER Hfl 22 5%E 20 min i), FEIT
£h % (Dunaliella salina) 2 BE80% N 97%, [A]If RE
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FERLAL, {00 0.11 kWh/kg T-H. 5 2 S50z
HL O % 8 12 mA/em?, il H A ] 2 30 min, H,
AR 2.0 cm ASEIRARME T, SREERIUEHERL
E JBE VT %5 F 4> % (Isochrysis  zhangjiangensis), %
BERCR ST 92%, IF A B R AT REFEAL N
2.0 kWh/kg 1 H,

W2 BE LA R BEECR . & G AR
S, B R (e AL G0 Y AR A Y 4 T
TR AR SR WA R R R, 0T BB S5 i)
B SRV [0S Bl S 8 it R o A A
I AIZE A AR B U e e, R T A R
AWy R R OV T K R A AR e 4 ) T
B B e AL A ke T TR R ) AT 9 A O A L SRR 1Y)
G T AC IR
222 WRE

ik 22 ¥ (magnetic flocculation) fe: 1| A @4 11 44
TR AORE 22 358 W B 7 TCBE A B 6 1T, RSP ER R
g T WACE TCHE i SRR Y 3 440 i S 2 1 4
MG REERRIE . MR FIBERR S5 T REAT, T
X 26T BB A 15 0 1 R 2 () 7 A e W 5 4
245 0 2ok B/ it T 1 9K 8 T e A A R
BRI AT S, T X TR TR

W PR B R OB A A BB R . HADEIEPERY
P SR RN B P R REASURE 45 BRI OB £E — 5 B 4
Tt HA B REREIGRRE T, I FesOa B2, Y
s R AU B RE PR W 5 | s 55, T HL LA
FAEARIEE, W ZnFexO4. #E H02 HHENSAF T .
O B A T8 A B R 24, A R Rl g, T
DL SR A T e 00 R 07 125580 Al A SR AT ot
A 2 B AR A — 2 B R BRI £ e
WL A B REHTE BN, — P8 FUA U 5 KA el A T
RN R AR (— <2 T), PBRE T #EZREEN
NHTE BB, F4h, SRR AT SR AR, D
{38 UE 0 A0 S5 A2 107 FE 59 3 3 A AR b el T
PR A4 dek e 1 Im Fb R h R, 20 TRl WO o R A
PRI 2 A TEMENT S, Zhao SEBAL i H AL
UCPEREY) Z2 B F FesOa PRI T — R RYAY K

REPERURE , IZURE A] F% MO IR R T 20 g/L 11
/NER 5 (Chlorella vulgaris), %2 % 2505 1] L ik #)
93.0%, Ff H.[DC 8 g P RORE A VERE 7 Tl R BLH 1
e MRS E T, FEMH T 5 RZ )5 N/ INEREE i) 2R B L
RAGREMESSF 87.5%LU F . Hu ZEBOR | T —Ff i 7k
7 s 0 B T o A L B E ) 7 R
25, IZWENE Sy 5 26 /NER 3 (Chlorella ellipsoidea)
YRR ] LK F] 95% L F o IeAh, /NEREERY
R L A8 R 23 Bt A 43 65 A5 PN VAR I R %) 4 i
i, YR /N T 100 mU/min 5, SRlicn]
PLYEFFAE 95%1 |- 1561,

Tl R R AR L R . RS
SLE S Z A0 (R 2R AL A R 4
. DHRERURLG M 12 2%, A mas i mgedr
(RN R AL i NS B S R A R
o2, Lifese REHOR ML, PP R B R LT
15T A R, (BA7 AR RS A 45 M 5 K
REFE R S5 A
2.3 HEPEEREA

A 2R T R R A A A B LA i
A RS YRS S A B A S VE R, 38 e ) Al i
P A {6 Tl 40 A B SR B, S B 2R ER
Wt H R AE ) 2 EEROR BB 5E 5 ) 3 g
AP AR BE . A A 2R R 2R R L) S A B A 2R
K%,

231 WMEDER

EASRA S, —SCRUEY (B FLE . A SE)
AL LA Sl & A LB S . X SERAE 1 B 4 B
AN AN T MTTT 52 M ol e 114 SR MO S 1081
H e LT3 T TR 22 5 0HE A A 2 1T Y E M e A
FEVAH o 7 A 2R R 15861 | g o L 3 el R A
FH R STl 4 i [62-631,

Li %5 SUMTEE 75 08 H 43 125 AT — PR 22 0R FLIA
Aspergillus niger hsn26, 7& Ca2*(1 Bl (G551
FF)iZ ELE & /NER 3 (Chlorella vulgaris) (i) £2 5
R LLIKFE) 90% LA b Lei 2503 FH G T bk
Marinobacter sp. FLO6 [ 4% & Wi i 7 T %
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(Thalassiosira pseudonana), #8 &35 M 92.7%, I
HAEZ L B PR P WA ISR 0 & 0 2 1 Uik
4, PR Marinobacter sp. FL06 FLA7 55 i e 1
FIE TR e, FEAEREE R pH SEH
NI RE PRI B 07 A 2R BERCR

Tl 2 W 22 5 1 Ak 2 2R A L HL AT ) A 1 o i
PE, HIZER T RE g | AP Ak ),
232 TWHEVRERTIZER

T ) R R A 4 PR B B 7 A Y R R T
WyJat, R A B EHE B 3% P X e A 1 T 2R
KL

HOB IO BOCFFLFT A Bacillus sp. WZ01 7
AR ERGEER), AR IRI pH ly 7.5-8.5, KRk
JEh 20-40 °C ., ZRBEEFIHE £E 40.0-60.0 mg/L L [H
NS, ZR%EERIGOK FCHIL{E 3 (Karenia mikimotoi) F1
$& 35 Py 11 3 (Alexandrium tamarense) 2 h A 22
BORIIRF] 80% LA I, Wan ZEESF] FH & 2F ST 14
Solibacillus silvestris WO1 j= 4= (4= ¥ 22 EE 7, 7E1%
AU IAT AR 42 8 255 Ca*al, Fe3*4§) 4%
4R R Wi 3448, K 3% (Nannochloropsis oceanica), %
BERCR IR 90%, 1AW R EERIIE H 75.1%fhk KAk
AR 24.9% 8 A R 20, DOM 2 Rl
A1 B 22 05 ) A 22 R 1 R T O 23 S O Y OF AR
K, ATk S R R R A Ts e 4

A BN A W AR . KRR
oo, Az B Az e, oY
FEERARBI SR 22— HZEER A 1
AR TR L R Pk 22 DL RAE fih AR X A e A
Tl 241 X T4 AAE Tl RS R 4 RN
233 HWMBERER

1988 41 Sukenik 251 YO A B B AN AL A
2k (self-flocculation) Bl 42 . 15 M1k, W& K
BRI RA A REERE T o TS A K 5 iR
BB T B8 25 W A5 2150 1 400 T 4 0 30 40 i S 1T
M T [ A A 2z ) A A B, gk
VBN A A Bh A R LA BT s, A
A H ZEERE T AN DORT [) B S 7Y A 35 4 i .

A RBERCR, b ] DL S A 2SR 1% 388 40 A A
ZEEM RO, RN RS, R, O
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