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Why Rheology is important?

= Because it allows to characterise end use properties like:

= Flowability i
(=

= Spreadability R =

E I Vol

= Shape stability
= Gelation 9 T
‘4

= Recovery after a stress l

= Stability
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Characteristics

J Formulation in 1980’s

> Surfactants Fluid like systems

Goal:
= Good dispersion

d Formulation : Today Gel like systems

= Surfactants + polymers
Goal:
= End use properties management/ visco-elastic control
Decrease of the fat contents in food industry
Improvement of spreadability of creams ...
Environmental / health issues
Better properties for drilling fluids
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Properties

Most of the soft materials are visco-elastic (non newtonian)

- Visco-elastic behavior depends on time scale observation

=

Elasticity Viscosity
High Low
Frequency :_L
time
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Properties

How to measure visco-elasticity?

= Qscillation analysis : Rheometer
Stress = pushing force

(— %\//\\/

Strain = amount it moves

Elastic modulus G’

Relation Stress / Strain depends on the visco-elastic properties Viscous modulus G”
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Rheology

Oscillation analysis

= Experiments are complex to perform:

* Find the right geometry
= Sampling is critical : volume, evaporation, drying...
= Risk of sample denaturation

= Intrusive measurement => no evolution (Rheolgy versus ageing time)
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= Thanks to Brownian motion the particle feels the viscoelastic structure:

particle Viscous modulus

LR T e !
S tatent aen N Thermal energy —— ZI—E
‘t “““ “4 “4:.‘ .fa "a: - ‘ . a /
BREER RN vt 1
PR T Elastic modulus
.‘a.‘a‘ “:‘ ‘:é:‘:‘:a“&é‘a
DR B Stress & Thermal Energy k,T
P DR L Strain = Particle Displacement

“.‘: ‘aaﬁ‘:““a :a‘
- - ‘N -

O Particle motion speed = Viscosity
= Fast motion => low viscosity
= Slow motion => high viscosity

Brownian motion

O Particle displacement = Elasticity
= Long displacement => low elasticity
= Short displacement => high elasticity

MS-DWS records the particles mobility & displacement

NanoFormulation 2011, Singapore, June 29 2011 Stability Micro-Rheology




Formulaction RHEOLASER

Smart scientific analysis

Experimental set up

Measurement cell

=>MS-DWS principle of measurement
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MS-DWS

=Measurement of particles mobility in opaque media

Diffusing Wave Spectroscopy MS-DWS

Multipixel detector

Speckle Image
2. SCATTERING

Speckle image detects particles motion

v & 9
oV
.

LIGHT SOURCE

AVAVAVATAY,
JAVAVAVRV,V:

SPECKLE IMAGE INTERFERIMG WAVES
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MS-DWS

=Particle Mean Square Displacement (MSD)

Patented Q
algorithm | ‘===

Mean Square Displacement

CRCRERLLLELELEEELELPEPEY .

v

Tdec (S)

Particle Mean Square Displacement
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Particle Mean Square Displacement

Soft material properties affect the MSD of the particles
Purely Viscous Particle is free to move

DATA ACQUISITION :
Particle Mean Square Displacement (MSD)

Case 1 : Viscous product
MSD

(nm®)

e Sy

DWS enables to measure particles dfsp!acéh'rent

DWS measures displacement of many patrticle
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DATA ACQUISITION :
Particle Mean Square Displacement (MSD)

Case 3 : Visco-elastic product

MSDA

(nm?)

DWS measures displacement of many patrticle

. . B
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= MSD is

MSD 4
nm?2

RHEOLASER

MEAN SQUARE DISPLACEMENT

the viscoelastic signature

Viscous

Viscoelastic

tdec
= Type of motion:
= Slope <1 => Brownian
= Slope > 1 => Ballistic (sedimentation...)
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=3 parameters to monitor end use properties

= Solid/Liquid balance SLB

= Elasticity Index El

= Macroscopic Viscosity Index MVI

= FOR EASY SAMPLES COMPARISON
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DATA TREATMENT

= 3 key parameters

SOLID/LIQUID BALANCE

MSD

>

Slope = Solid Liquid Balance

[
»

tdec

= Slope < 0.5 => Solid behavior dominates (=> gel)
= Slope =0.5 => Solid = Liquid (=> Viscoelastic)
= Slope > 0,5 => Liquid behavior dominates
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=1s my sample more solid than liquid?

RN Na R AN MR REANARRRNARAREENAN,  E AR R A NA N aNA NN ANA MR RNARARRRNARARSANSNERNES B R ANA MR RNANARNANARAREANANARNRRARSRRSMARARSANSNERNES  mANANaNAssNAEaEEsNAEAESANSNEENREESERSMRERERNSEEENRL

SLB , Standup = Shape stickiness ~ adhesion
.| stability '

P S N
Y fr P g W
ol L & e

1__

LIQUID

= SAMPLES CAN BE RANKED EASILY
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DATA TREATMENT

= 3 key parameters

MSD 4

Elasticity Index EI (G)

7o
%

= Elasticity Index: How is the polymer matrix?
= gelation, structure recovery, cross linking...

v

tdec
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DATA TREATMENT

= 3 key parameters

Macroscopic Viscosity Index

>

MSD Macroscopic Viscosity Index /

5nm?

v

1 2

tdec

= Macroscopic viscosity: How does the sample flow?
= flowability, stability, thickening power (texture) ....
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DATA TREATMENT

= Kinetic analysis

MSD 4
(nm?) t1 )
t, =
(o))
=
T A
/ t4 <
v
tdec(s)
Eiy Elasticity Index MY Macroscopic Viscosity Index
(1/nm?2) (1/nm?.s-1)
LG L, 'Agingtime L b t 'Aging time
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SPECIFICATIONS

= A unique tool to measure viscoelastic properties

= Easily : 1 tube (4-20 ml) / 1 click

= 6 measuring positions

= Viscoelastic analysis
= Non contact
= No denaturation
= NO stress

= Simple parameters vs aging time
= Elasticity Index
= Viscoelastic balance

=> Macroscopic Viscosity Index : ©Easy samples comparison
- Ei

B

y

>
time
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Experiment

=2 gelatins were prepared, using 2 grades of gelatin
v'Gelatin A (LOW level of gel)
v'Gelatin B (HIGH level of gel)

= Gelation process:
v'Products are first heated - homogenous liquid
(gelatin and water + introduction of TiO, in order to have scatterers)

v'Sample is then cooled down - solidification

(liquid warm sample is introduced in RheoLaser, following the gelation process)
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Study of 2 gelatins

Gelatin A Gelatin B

Equivalent MSD - 160 bis — Equivalent MSD - 280 —0
7 - e
j—t- g
—a g —
102 — 12z 102 & 45"
— 15 4" —itre
—1 —zr 4y
g 10 FE\F 10
£ —25 40 £ —h 2357
- —20 A = ——10h 40’ 43
g —ar sa" g —15h 246"
@ 1 —1h 55 43" @ 1 —20h g 45"
= =
—&h 44' 37" —1doh24'52"
—i3hz2 27 —1d 5h 9" 39"
10 —ath ' 42" 101 —1dshs4' 10"
—1dgh 17 36" —1d 16h 45 20"
—1d 15h 565" —1d 23h 33 56"
1002 - 102 .
—1d zzh 28 52 —2d3hs0s
-2 -1 - -
10 1o 1 —zdshas sz 1o 10 ! —2dgh 34 46"
Decorrelation Time (s) 2d13h 47 55 Decorrelation Time (s) o4 izh o s

=At short time : liquid behavior

=At longer time: Solid behavior => Gel

Polymer network
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Study of 2 gelatins

Solid Liquid Balance

1
Liquid " solid Liquid Balance .
T4 B 10"
3101 & -
H : m 0.5 :.... SN EEEEEEEEEEEEEENEEEEEEEEEESR LI
X Gelatin A
4} i GelatinA 410 " :
Aot B . .
m : Ir !  GelatinB . .
= : : Gelatin B 210 E E
10 g - - _“"E_ 5
: 10min - 13 15min 20min 25min 30min 33 35min 40min 45min
: Time
2101
Solid 12h
Time
= Gelatin B forms faster than A (at SLB = 0,5)
= Gel time B = 13 min
= Gel time A=33 min
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Study of 2 gelatins
Elasticity Index
10
1
§
E 10-1
—_ Gelatin A
w Gelatin A
Gelatin B
102 GelatinB
2h 4h Gh 2h 10h 12h
Time Elasticity Index | Gel formation
_ (nm-2) 80%
= Gelatin B forms faster than A gelatin A 20 Zh00
= Gelatin B forms a stronger gel than A gelatin B 8,1 4h30
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Study of 2 gelatins

Computation of Network Size

Mesh size gelatin
90 :Zj
g0 +——*
]

70 +—# ‘
‘E 60
= S Gelatin A
g o0 = O Gelatin B
[])
< 40 o
g - 2
= 30 =

20 ¢

= 23
10 =
0 T T T T T T T T i
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time

G'Pr =kgT/(mesh size)3 ‘ G’ A - Mesh size N

=Mesh size decreases faster with a stronger gelatin (B stronger than A)
-> Stronger gel structure

NanoFormulation 2011, Singapore, June 29 2011 Stability Micro-Rheology




Formulaction EMULSION AND POLYMERS 1

Introduction

Emulsion and polymer :
Polymers are more and more added in emulsions in many industries like : Food,

cosmetic, Pharmaceutical, bitumen, paint ...... —

WHY ?

2 mains reasons : end-use properties and cost

= Thickening effect
= Replace oil by water - light products , lower components cost

= Changing flow properties

. . . d-l t-
= Modifying thixotropy il >
= Stabilizing effect..... aflgron’o!
polymer il
Concentrated Diluted emulsion
emulsion (¢ = 75%) (¢ = 40%)
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Polymer concentration effect

LIGHT,

?_ | work on emulsions, | want to add alginates to decrease oil concentration,
which concentration | choose to keep similar end-use properties?

T
7.55 102 MSD
—ir—  gimulsion #4905
e e B 1] LR
—=——  emulsion 40 + alginates 0,40%
—— emulsion 40 + alginates 0,80%%
'E 102
=]
o
=
Reference
1.00101

101 1
Decorrelation Time (s)

= MSD curves evolve versus polymer concentration
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Polymer concentration effect A et
R4
Elasticity Index Solid-Liquid Balance

—

3,50E-02

0,40+

3,00E-02 0,35+

/7~ \

2,50E-02 0,30

2,00E-02

0,25+

M low fat emulsion M low fat emulsion

1,50E-02 0,20+

1,00E-02 O reference (emulsion 0,151

75%)

O reference
(emulsion 75%)

5,00E-03 1

0,00E+00 0,057
emulsion emulsi emulsion
40% 40% algi 40% algin

0,40% 0,80%

0,00
emulsion 40% emulsion 40% emulsion 40%
algin 0,40%Y algin 0,80%

\

= Increase of polymer concentration - properties closer to reference emulsion (fat
emulsion 75%)

p

%=, | can dilute my emulsion from 75% to 40% and add 0,8% of alginates, my final
product will have same thickiness, same stiffness, same shape stability!!!

L
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* Rheolaser compares end use properties related to visco-elasticity
= Easily
* Results do not depend on the operator
= sampling in glass cell

= At rest thanks to a non contact optical measurement
= Versus aging time on the very same sample

= By monitoring the evolution of simple parameters like:
- Elasticity Index
- Macroscopic Viscosity index
- Solid/liquid balance
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