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Understand the mechanism

of fouling

Whey Evaporator

proteins conditions
) N 4

Impact of the shear on the (Bansal & and Chen X.0, Fouling |n|t|at|on.: at the
: : 2006 ; Blanpain-Avet P. at wall surface or in the
aggregation and deposit al,, 2016; Magens O.M. at .
al, 2018) solution
% \
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Reference Type Geometry Shear rate / rotation speed
Taylor, freyer, 1994 Cone/plan 0-40s*
Simmons et al., 2007 Couette 111-6255s*
Samy Gaaloul et al., 2009 Brookfield, cylinder 2857 Current literature
Erabit et al., 2014 Couette 0-400s™
Mediwathe et al., 2018 Bob/cup 0-1000s™ —
Rheol . }
Quevado et al., 2020-2021 SOo8Y Close cavity CCR 0.06-505™  Focus only on the solution
Bogathawa et al., 2020 Cylinder 1000 s
Bogathawa et al., 2021 Bob/cup 1000 s™ h diti
1 * Heat exchangers : conditions
Wolz et al., 2016 Mooney/Erwart 100-1452s - g
Moakes et al., 2015 Cylinder 200 - 800s™ are different in evaporators
; -1
Byrne et al., 2002 Stirrer 100 - 1639
. 238 51 * High temperature (> 80°C
Santos et al., 2006 Flow cell 135; 205 and 157 ; 238 s g . p ( )
Kerche et al., 2016 Tubular exchanger / predom inant effect ?
Zhang et al., 2019 Heat exchanger Spinning disc apparatus /
Clarkson et al., 1999 condition Bubble column apparatus / e Various methodologies and
Walkenstrom et al., 1999 Spinning disc apparatus 100, 500, 900 or 1300 RPM Shea I ra ngeS
Ultraturax 17500 min
Stainless tubular container 1000 min™*

Koh et al., 2014

Vilotte et al., 2021 Microfluidics Continuous small scale millifluidics 32-2666st
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Literature : Effect of shear on the aggregation

40
Few articles hypothesize on the shearing effect: .
) =
- Increase aggregates at [C, ,.in] <10 Wt % N
- Decrease aggregates at [C y.in] > 10 Wt % ©
=k
Santos at al. (2006) 100 <']\‘.) 20
Simmons at al. (2007) k)
Moakes at al. (2015) %
Erabit at al. (2014) 80 g 10 =
Wolz at al. (2016) — o
Bogah E <
gahawatha at al. (2020) S sof 8
~ E u I L] i L] 1 1
N 0 200 400 €00 BOO 1000 1200 1400 1800
2 Shear rate (s)
@
S Influence of shear rate on the mean particle size ds, 5 for a protein
= concentration of 30 wt % heated 80 °C for 10 s with a degree of
g 20 denaturation of > 95 %
(M. Wolz et al., 2016)
Shear working range /tf NP

for the evaporator

Shear rate (s2)

Influence of shear rate on the particle size of whey protein solutions

with C
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protein = 2 Wt % heated at 80 °C for 10min with a degree of

denaturation > 95 %
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Materials and
methods

Rheometry and
microscopy

Digital Microscopy SEM ENE 4l
* Large aggregates e All aggregates
(> 10 um) (<1 um to>50 um)
* Quantitative analysis * Qualitative analysis
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Materials and
methods

What we want explore : shear rate between 0 to 200 s

What we know :
Parallel plates

(PP)

c : n=76,4 RPM

o Diameter geometry=5cm
o Shear rate limit =200 s?
o Parallel plate : shear gradient on the surface

[Cwei]

- 65°C
5to20wt%

99999

_ Shear rate for each diameter :
e=1mm 10 min

140 a 200 s~ (Periphery)
80 a 140 s~ (Intermediary)
0a80s~ ! (Centre)

0s~1
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Materials and
methods

Objective: keep only the 30 pictures/region
aggregates attached to the — Digital microscope (Keyence, VHX 7000)
surface Keyence software

A »C) Q IR ) N

- 45 & ‘-/’

- © ©
MiliQ
water _ Perimeter (um) Density (by number) Area ratio (%)

Rince
X Y Aggregates ), Aggregates Area
Picture area Picture Area

Clean
Surface

v

Surface

Morphological
characterisation
Frequency occurrence

Oven (40 °C)

Wasted

, Dry the slides
solution
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Microscopy General observation (G*500) - SURFACE

10 wt % WPI

5 wt % WPI

80-140 st 140-200 s'?
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Aggregates analyses by Keyence software- SURFACE

35 "
30 Density (by number)
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_25 Picture area
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Aggregates analysis by Keyence software- SURFACE

Area ratio(%)

80-140
Shear rate (s1)

ICR 19th - 01/08/23

140-200

Increase Impact
. .
Shear (s*) == aggregation
ll \
‘:I, \‘ .
5wt % WPI 10 wt % WPI
increased increased
number of size of
aggregates aggregates

Standard deviation
- Shear gradient of each region?

Area ratio (%) Shear & Deposit

Y. Aggregates Area
Picture Area
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10 wt % WPI
[Cweil

[Cye] = 10 Wt %

Increase
aggregates
size

T

[Cyp] =5 Wt %

80-140 5! 140-200 s
/v —> /aggregates size and change structure
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Microscopy of 15 wt % and 20 wt % WPI solution
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o Shearing have an effect on the aggregation : Quantity,
compactness, size

o Concentration have an effect on the agregation : Size and
structure (branched aggregates)

a CE
Aggregation due to Heat, Shear & "L
Edsb 0‘5 Mixing
M A‘» d
(Random col) Second  Aouegees
agg regat on
F | rSt y (i) LINEAR AGGREGATION
. Accelerated by Shear & Mixir
aggregation \ q‘
TC \ W
PN .( /
M
Protofibrils
Mature Fibrils (Random Coil + Helix)
(B-sheet)

1.B Bekard and D.E. Dunstand, 2014
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Conclusion

Shear effect for
[Cypl <10 Wt %

Low shear
(<100s71)

High shear
(2100s71)

Increase
aggregation
(Perimeter and
Area ratio)

Increase
aggregation
(Perimeter)

Increase aggregates
formed with varied size
(Density)

Increase

Increase proteins aggregates

denaturation or
fragmentation

encounter




Rheometry and

microscopy

Surface Bulk
%O O s H i
Mﬁ Os 1
© (@}
o-s-Héé)S'H O
&5H
Explore highest concentration By using cone plate geometry :

HPLC : Denaturation degree

Cone plate geometry to confirm
effect of shear rate (compare Flow sweep viscosity : compare a range of
without shear and range of concentrations

shear)
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Frequency sweep : Behaviour of high concentration
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Microfluidic

Dipartimento

di Ingegneria Chimica,
dei Materiali e della
Produzione Industriale
Universita degli Studi

di Napoli Federico Il

Continuous system - online and offline
analyses

Closer to evaporator system
Devices with combined stainless steel and
glass surfaces

Monitor fouling on the surface and bulk
in parallel
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