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微藻采收技术的研究进展 
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1      300457 
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摘  要：微藻作为一种有巨大应用前景的生物质资源，在环境保护、废水处理和清洁能源等领域广

泛应用。但是微藻采收成本过高严重限制了微藻产业的发展，因此，寻找一种经济、环保、高效的

采收技术对促进微藻产业的发展具有十分重要的意义。本文分析了常用微藻采收技术的优缺点，包

括离心分离、沉降、过滤、浮选和絮凝技术，重点论述絮凝技术在微藻采收方面的研究进展，以期

为微藻高效、低成本采收方案的选择及其研究方向提供参考。 
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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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CO2

(docosahexaenoic acid DHA)
(eicosapentaenoic acid EPA)

[1-2]

(
)

[2-3]  

[1] (3−30 μm)
( <0.6 g/L

<3 g/L)  
(−7.5–−40 mV)

  
[4]

20%−30%[5]

 

1  微藻采收技术简介 

[6]

 

1.1  离心分离技术 
(centrifugation)

 

95%

[7] Heasman [7]   
9 (P. lutherilutheri Isochrysis sp. C. calcitrans     
S. costatum T. pseudonana P. tricornutum     
C. muelleri T. chuichui N. oculata)

13 000 6 000 1 300×g 9
95%−100% 46%−79%

5%−66% [8] 28 000 r/min
0.82 L/min

( 1.2 g/L pH 7.0)
0.76 g/min 84.1%

337.1  

[9]

 
 

1.2  过滤技术 
(filtration)

 

(microfiltration  
0.1−10 μm) (smacrofiltration 10 μm)

(dead end filtration) (ultrafiltration
0.02−0.2 μm) (tangential flow 
filtration) (vacuum filtration)
(pressure filtration)
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(polyvinylidene chloride PVDF)
(polyacrylonitrile PAN) (polyethersulfone
PES) (polytetrafluoroethylene
PTFE) - (polyethersulfone 
polyvinyl-pyrollidone PES-PVP)[10]

[11]  

(Spirulina sp.) (Coelastrum 
sp.) (Chlorella 
sp.) (Nannochloropsis sp.)

[12]

( )
[13] [14] 100 nm

98%

34 [15] 10 cm

 

  

1.3  沉降技术 
(sediment)

[16]   
[17]

(Melosira 

sp.)
(Microcystis aeruginosa)

[16,18-19]  

[9,20]  

1.4  气浮技术 
(air flotation)

( <0.1 mm)

[1]

[21]  

[22] [23]

pH
98.35% Garg [24]

(dodecyl pyridinium chloride DPC)

(Tetraselmis sp. M8)
(Tetraselmis sp. M8)     

23 99% Wang [25]

96.5%   
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( 20−100 μm)

[26] [27]

60.3% 68.1% 65.4%
Nguyen [28]

1.5 kg(f)/cm2 a
99%  

[29]

( 22−50 μm)
[30]

pH ( pH 4.0−10.0
)[31]

[29]  

[1]

 

 

2  絮凝技术采收微藻 

(flocculation)

[32-33]  

2.1  化学絮凝 

 
2.1.1  无机絮凝 

( Fe3+ Al3+ Mg2+ )

Fe(OH)3

Al(OH)3 Mg(OH)3

 
[34] Al2(SO4)3 NH4Al(SO4)2

KAl(SO4)2 MgSO4 Fe2(SO4)3 FeCl3 6
(Botryococcus braunii)

6
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(Botryococcus braunii)
Al2(SO4)3 KAl(SO4)2 FeCl3 3

1.1 0.45 0.9 g/L
91.2% 93.5% 88.0% [35] FeCl3

Fe2(SO4)3 AlCl3 KAl(SO4)2 Ca(OH)2 NaOH
8

(Chlorella emersonii)
Fe2(SO4)3 Ca(OH)2 NaOH
0.3 0.7 0.5 0.9 g/L 80 min

(Chlorella emersonii)
90%  

Fe3+ Al3+

[36]

[37]

[38] [36] 1.5 g/L
(Haematococcus pluvialis)  

120 min 90% Wu [37]

4 (300 500 700 900 mg/L)

(Isochrysis galbana) 98.2%  

 
2.1.2  高分子絮凝 

[32]

(chitosan)
(cationic starch)[39] (inulin)[40]

(diallyldimethylammonium 
chloride DADMAC) (ethyleneimine)

(polyethyleneimine polymers PED)
(vinylamine)  

Rashid [41]

2−3 min 90%
pH

[42]

90% pH
5.0−9.0

 

[43]  
[44]

 

2.2  物理絮凝技术 

 
2.2.1  电絮凝 

(electrocoagulation)

[45]

 

[46]

[47] Landels [45]

1−40 μm 9

Liu [48] 20 min
(Dunaliella salina) 97%
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0.11 kWh/kg [49]

12 mA/cm2 30 min
2.0 cm

(Isochrysis zhangjiangensis)
92%

2.0 kWh/kg  

  
[45] [50]

 
2.2.2  磁絮凝 

(magnetic flocculation)

[51]

 

Fe3O4[52]

ZnFe2O4 H2O2

[53]

( <2 T)
[54]

[55]

[52] Zhao [52]

Fe3O4

20 g/L
(Chlorella vulgaris)

93.0%
5

87.5% Hu [56]

(Chlorella ellipsoidea)
95%

100 mL/min
95% [56]  

    
[52]

  

2.3  生物絮凝技术 

  
[41]

 
2.3.1  微生物絮凝 

( )

[57] [58]

[58-61]

[62-63]  
Li [61]

Aspergillus niger hsn26 Ca2+ (
) (Chlorella vulgaris)

90% Lei [63]

Marinobacter sp. FL06
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(Thalassiosira pseudonana) 92.7%

Marinobacter sp. FL06
pH

 

 
2.3.2  微生物絮凝剂絮凝 

 
[64] Bacillus sp. WZ01

pH 7.5−8.5
20−40 °C 40.0−60.0 mg/L

(Karenia mikimotoi)
(Alexandrium tamarense) 2 h

80% Wan [65]

Solibacillus silvestris W01
( Ca2+ Fe3+ )

(Nannochloropsis oceanica)
90% 75.1%

24.9%

 

  
2.3.3  细胞自絮凝 

1988 Sukenik [66]

(self-flocculation)

[67]

[68]

pH / (
N P Ca2+ )

[67]  
Lv [67]

(Scenedesmus rubescens SX) pH
pH

Zhao [68]

- (Desmodesmus sp. ZFY)
(Monoraphidium sp. QLY-1)

57.98% 32.45% 4 h
85.33%

46.53%

27.01% 27.35% Guo [69]

(S. obliquus AS-6-1) (C. vulgaris JSC-7)

60%
pH (Chlorella vulgaris JSC-7)

[70] Zn2+

(Scenedesmus quadricauda)
86.7%[71]  

  

3  结论与展望 
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(1) (2) 

(3) 

 

(1) 
(2) 

(3) 

(4) 
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