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Background

Microalgal suspension

Algem Photobioreactors 

Problem: 

low microalgal 
biomass yields (max 
10 g/L) in autotrophic 

cultivation.

Challenge: 

efficient 
separation 

methods
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Microalgae

Nannochloropsis Oculata 40x

Low concentration (1 g/L)

Small (4.2 μm)

Surface charge (-14 mV 
at pH = 8, salinity 32 g/L ) 
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Fouling phenomena 

• Fouling on/in membrane 

1) EPS/cell plug internal pores; 

2) Cell block pores’ entrance; 

3) External filtercake 

• Aim: understand the fouling from 
the decline in filtrate flow rate 
across the membrane and cake. filtrate 

EPS

Filtercake

Cell
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Static filtration process
gas

filtrate 

suspension 

filtercake

membrane

mesh

API filter press

Glass fibre membrane

• Avg.pore size: 1.5 μm

• thickness: 280 μm

• binder-free 

• Permeability (6.42 milliDarcy)
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Results- 1: Modelling filtrate flux time-dependence
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Results 1: filtrate flux time-dependence

• Based on Darcy’s law, a traditional filtration model

• At anytime t, 𝟎 < 𝒕 < 𝑻
𝒅𝒇

𝒅𝒕
=

𝑷𝒌

𝜼𝒄

• f =V/A : filtrate volume/area

• P : pressure

• k : permeability of filtercake

• c : filter cake thickness. proportional to filtrate volume, c=Gf

• 𝜂 : suspension viscosity



8

• Based on Darcy’s law, a traditional filtration model

• At anytime t, 𝟎 < 𝒕 < 𝑻
𝒅𝒇

𝒅𝒕
=

𝑷𝒌

𝜼𝒄

• f =V/A : filtrate volume/area

• P : pressure

• k : permeability of filtercake

• 𝜂 : suspension viscosity

• c : filter cake thickness, proportional to filtrate volume, c=Gf

[C]

[U]
h – c – f

f

cPVF = V

PVF = 𝑣

f
[F]

PVF = 0

P

Results 1: filtrate flux time-dependence
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Results 1: filtrate flux time-dependence
• Substitute c=Gf, and Integral from 0 to T

𝒇
𝒅𝒇

𝒅𝒕
=

𝑷𝒌

𝜼𝑮

𝑽

𝑨
=

𝟐𝑷𝒌

𝜼𝑮

𝟏/𝟐

 𝒕𝟏/𝟐 ≡ 𝑺𝒕𝟏/𝟐

• G: ratio of particle volume fraction

• S: desorptivity of filtercake

𝑽

𝑨
∝ 𝒕𝟏/𝟐

Root-time behaviour

✓ Valid for rigid particle

✓ No contamination

✓ Cake formation



10

Results 1: filtrate flux time-dependence

(𝑽−𝑽
𝟎
)

𝑨
∝ (𝒕 − 𝒕𝟎)𝒎

In post-spurt phase

𝒎 𝒕  =
𝒅 𝒍𝒐𝒈 𝑽 − 𝑽𝟎

𝒅 𝒍𝒐𝒈 𝒕 − 𝒕𝟎

𝒂 𝒅𝒓𝒐𝒑! & 𝒎 < 𝟎. 𝟓 ? ? ?
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Results 2: Fouling mechanisms

Block filtration model

𝑑2𝑡

𝑑𝑉2
= 𝑘1

𝑑𝑡

𝑑𝑉

𝑘2

• 𝑘2 = 0: Root time
• 𝑘2 = 1: Intermediate blocking (pore entrances)

• 𝑘2 = 1.5: Standard blocking (the small particles 

are deposit within the filter) 

• 𝑘2 = 2 : Complete block

transition point 
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Results 3: Flux decline by EPS?
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Result-3: Cell invasion

Before filtration and after filtration (50 kPa)
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Result-3: Cell invasion - pore blocking

Before filtration and after filtration (50 kPa)
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Future solution: stop cell invasion into membrane! 
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Results – Summary

• A time-dependent relation.

• Invasion of membrane by cells.

• Pore blocking mitigation.

Future study:

➢Compressibility of cake layers

➢Dynamic filtration of algal flocs
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