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Investigation Goals:

• Understand how flocculation works in our 
processes

• Could particle distribution analysis help 
optimize flocculation?

• Is there a direct correlation between particle 
distribution and filterability?



Methods

• FBRM -focused beam reflectance

• SHC filtration as an analytical method

• Lipid assays (sieving and adsorptive properties 
of filters)
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Important aspects
• Mean Square

• Why are big particles  so important in this analysis?

o 1 sphere of 100 µm diameter= 525,000 µm3

o 1 sphere of 2 µm diameter= 4.2 µm3

 One 100 µm sphere ~ 125,000   2µm spheres

Count Size

15,000 1 µm

3,000 5 µm

50 50 µm

Simple mean 2.1 µm

Squared 
weighted mean

8.2 µm



Analysis of two sets of data per 
molecule

• Flocculation by Settling- small scale experiments

– Flocculation reaction in 1L cylinder
– Tested cell culture with flocculants and decanted supernatants
– Control: untreated sample bench top- centrifuged (non-ideal)
– Settling Vmax= SHC filter (3.5cm2)

• Flocculation followed by centrifugation

– Centrate from the main centrifuge
– Filterability based on Anne Thomas’ experiments= DF +0.2µm

(Depth Filter Throughput=DFT)



Pdadmac= Polydiallyl
Dimethyl Ammonium 

Chloride

Chitosan

Flocculants



FBRM Analysis

• “Raw data”- observation of cell culture with 
flocculant

• Settling supernatant= SHC filter feed

• Centrate=DF feed



Example: AB 1 PDADMAC 0.08%- Size 
Distribution- Flocculation Reaction Time 

Course
cells 6 min 10 min

25 min



PDADMAC – 0.08% Time Course
looking at specific particle size groups

<10µm

50-100 µm

20-50 µm

10-20 µm



Settling Supernatant
Visualize the change in particle distribution dependent 

on flocculant concentration
AB2 Flocculation with PDADMAC

Increasing concentration of flocculant

Increase in particle size

0.02%

0.04% 0.06%



Small Scale Flocculation

• Explore the effect flocculant concentration on 
SHC- Vmax

• Correlate mean particle size and turbidity to 
Vmax



Settling with Pdadmac- SHC as an analytical tool

AB2 at 15°C
HYP 

AB3 at 15°C
CDM

• Settled supernatant -Vmax with SHC is a very good indicator of flocculation
• Regardless of scale, media type and molecule increasing PDADMAC conc
increases settling Vmax .
• Settling with PDADMAC will eliminate the need for centrifuge and depth filter

AB1 15°C
HYP

AB1 10°C
HYP



Settling with Chitosan

• Overall SHC Vmax values are very low compared to PDADMAC
• Trends are inconsistent for different molecules

AB1 at 10°C AB3 at 15°C AB2 at 10°C



Pdadmac: Settling Vmax and Mean Particle Size

AB1 at 15°C

• Mean particle size explains SHC Vmax trend for settled 
supernatant

AB1 at 10°C AB4 at 36°C AB1 at 36°C



AB1-4: Settling Summary by Flocculant
with Turbidity

48 samples 14 samples



Pdadmac Flocculation: Centrate and Settled Supernatant at 
0.06% and 10°C

settled

centrate
C

Centrates

Large particles are more efficiently removed by centrifuge



Centrates: Depth Filter Throughput with AP

( 3 molecules, 14 samples)

• Mean particle size of AP centrate poorly correlates with depth filter throughput
• With AP, the change in mean particle size is very small



Depth Filter Throughput with AP

• With decreasing pH:
– Particles with size of <2 um decrease significantly 
– Depth filter throughput increases



Centrates: DFT with Pdadmac (2 molecules, 8 
samples)

-mean particle size is not as predictive of SHC Vmax
-5-10 µm particles seem to play  an important role, contrary to settling
-more data needed



Conclusions

1. Mean particle distribution 
– Correlates with SHC Vmax on settled samples of PDADMAC or chitosan

flocculation
– Poorly correlates with centrate depth filter throughput 

2. Particles of <2um count
– Correlate with AP centrate depth filter throughput
– Pdadmac- Particles 5-10 µm correlate well with DFT

• The best predictor of DFT is the overall shift in distribution by FBRM

3. AP- does not improve Vmax on SHC; usually improves DFT but less 
efficiently than Pdadmac.  AP may significantly worsen filterability.

• When AP works, particle size increase is smaller then with Pdadmac, but 
seems to be changing the balance between particles in  <2µm size group
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AB1- AP Settling

pH 4.5

pH 5.0

C

Vmax- all samples below 35 L/m2
No size shift
SHC Vmax never improved by AP (unlike DFT)


