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Background

g @

Problem: Challenge:
low microalgal efficient
biomass yields (max separation
10 g/L) in autotrophic methods
cultivation.

Microalgal suspension
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Microalgae
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Fouling phenomena

* Fouling on/in membrane
1) EPS/cell plug internal pores;
2) Cell block pores’ entrance;
3) External filtercake

/ Filtercake
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« Aim: understand the fouling from |:

EPS

the decline in filtrate flow rate L B
across the membrane and cake. filtrate
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Static filtration process

API filter press

Glass fibore membrane g
* Avg.pore size: 1.5 uym
 thickness: 280 um

* binder-free

* Permeabillity (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

« Atanytimet, 0 <t<T

df B Pk
dt nc
 f=V/A: filtrate volume/area

P : pressure

K : permeability of filtercake

c : filter cake thickness. proportional to filtrate volume, c=Gf
* 7. sSUSpension viscosit
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Results 1: filtrate flux time-dependence
« Based on Darcy’s law, a traditional filtration model

« Atanytimet, 0 <t<T SRR SR
df B Pk ............................. i __T__f_
dt nc P\FFJ]_ lhcf

e f=V/A : filtrate volume/area |- P I
- P: pressure eevl e
e k- permeability of filtercake | r F] .....................
. PVE = 0 If

1 . suspension Vviscosity

« ¢ : filter cake thickness, proportional to filtrate volume, c=Gf
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Results 1: filtrate flux time-dependence
« Substitute c=Gf, and Integral fromOto T

V
df Pk 4 1/2
fdt_nG A X1
2Pk]" Va1 Root-time behaviour
[ L =St v' Valid for rigid particle

v No contamination
v’ Cake formation

« G: ratio of particle volume fraction
« S: desorptivity of filtercake
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Results 1: filtrate flux time-dependence
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In post-spurt phase (b)
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transition point

Results 2: Fouling mechanlsm% @Fresh |
Block filtration model m L,,ﬁ.:-
k |
d*t " dt\ = 0|
dvz~ "t\dv =z |
Sl SR
* k, = 0:Root time 1:_," :EE%}E
+ k, = 1: Intermediate blocking (pore entrances) | 4 o P l0k
 k, = 1.5: Standard blocking (the small particles 100' T N
are deposit within the filter) 10" 10! 10% 10° 10*
« k, = 2: Complete block & [s/cm]
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Results 3: Flux decline by EPS?
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Result-3: Cell invasion
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Before filtration and after filtration (50 kPa)
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Future solution: stop cell invasion into membrane!

45 )
4 14} (b)
35F
3F 1.2 F
25F
1L
— 2 -
E. = 08}
31 1.5F g
= 06}
1F
04}
: —a— Untreated suspension
/ A se=dhe=: 1 mM Fe3+ coagula 02
{ & «==dhe=-2 mM Fe3+ coagula
0.5 L X N
10" 107 10° 10* 10' 10° 10°
t[s] t[s]

‘aQ_s’ Queen Mary

University of London



Results — Summary

« Atime-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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