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Formulaction PRODUCTS PORTFOLIO

Smart scientific analysis

End use properties measurements

Shelf life, demulsification, flotation...

Drying, Open time, hardness, tablet swelling,
crystalline state transition ...

Recovery, Gelation, Stiffness, Adhesion,
Drug delivery....
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Formulaction AGENDA
Smart scientific analysis

1. Soft materials

2. What is Microrheolot

3. Rheolaser: The i <

4. Application €




rormulaction% INTRODUCTION

Smart scientific analysis

Why Rheology is important?

= Because it allows to characterise end use properties like:

= Flowability i

= Spreadability B -

= Shape stability
= Gelation Q
Ji ! 1

= Recovery after a stress 1

= Stability
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Formulaction SOFT MATERIALS

Smart scientific analysis

Characteristics

J Formulation in 1980’s

= Surfactants Fluid like systems

Goal:
= Good dispersion

4 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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Formulaction SOFT MATERIALS

Smart scientific analysis

Properties

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

- Visco-elastic behavior depends on time scale observation

7

Elasticity Viscosity
I—!igh Low
Fregquency :_L
time
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Formulaction SOFT MATERIALS

Smart scientific analysis

Properties

How to measure visco-elasticity?

= Oscillation analysis : Rheometer
Stress = pushing force

/A
/I

response

Strain = amount it moves

Relation Stress / Strain depends on the visco-elastic properties
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Formulaction SOFT MATERIALS

Smart scientific analysis

Properties

How to measure Visco-elasticity?

/Stress \

Elastic 7| ™, Viscous i,
SN [ N
s |
I::H'\-\.\_L. 1 H'H.__\_‘_ ___,.-"'l-l-
.lh.l -h_F .-..-
force

force

Action=> Instantaneous Reaction

Action=> Dissipative Reaction

SOLID BEHAVIOR LIQUID BEHAVIOUR

Elastic modulus G VISCO-ELASTIC Viscous modulus G
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Formulaction SOFT MATERIALS

Smart scientific analysis

Rheology

Oscillation analysis

= EXxperiments 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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Formulaction \Y>  THE CONCEPT OF MICRORHEOLOGY Q

= Thanks to Brownian motion the particle feels the viscoelastic structure:

particle Viscous modulus

::‘: - ‘a;“:. :4:::‘ . -:. :‘ 4.: .. ;“a l
o, Tt AL Thermal energy —— :—E
‘t““‘c “4 “4:.‘ .fa "a: - * . a /
BROIRE IR @ N
RS Elastic modulus
.“.‘q“ “:‘ ‘:é:a‘:‘:“‘&é‘a
e T Stress - Thermal Energy k, T
D I Strain = Particle Displacement

“.‘: ‘aaﬁ‘:““a :a‘
- - ‘N -

Q1 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
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4. Application €




Formulaction RHEOLASER

Smart scientific analysis

Experimental set up

Measurement cell

=MS-DWS principle of measurement
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Formulaction RHEOLASER

Smart scientific analysis

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

9
oV
v

LIGHT SOURCE

VWYV
NV

SPECKLE IMAGE INTERFERIMG WAVES
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Formulaction RHEOLASER

Smart scientific analysis

Patented Q
algorithm | f==. ,
Mean Square Displacement

gresssspensssnenaanen S CLLLLICLTITTTETEUEPEPED .

v

Tdec (S)

Particle Mean Square Displacement
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Formulaction RHEOLASER

Smart scientific analysis

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

DWS enables to measure particles displacmnt

DWS measures displacement of many patrticle
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Formulaction

Smart scientific analysis

DATA ACQUISITION :
Particle Mean Square Displacement (MSD)

Case 3 : Visco-elastic product

MSDA

(nm?)

DWS measures displacement of many patrticle
r

Rheolaser presentation — Secrets of Formulation Ill Stability Microrheology



Formulaction

Smart scientific analysis 7~

= MSD is

MSD 4
nm32

RHEOLASER

MEAN SQUARE DISPLACEMENT

the viscoelastic signature

Viscous

Viscoelastic

tdec

= Type of motion:
= Slope <1 => Brownian
= Slope > 1 => Ballistic (sedimentation...)
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Formulaction RHEOLASER

Smart scientific analysis

=3 parameters to monitor end use properties
= Solid/Liquid balance SLB : firmness, texture, shape stability, etc...
= Elasticity Index EI : gelation, mesh size, cross-linking, etc...

= Macroscopic Viscosity Index MVI : flowability, stability, thickening power, etc...

= FOR EASY SAMPLES COMPARISON
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Formulaction RHEOLASER

Smart scientific analysis

DATA TREATMENT
= Kinetic analysis
MSD 4 b t,
nm?2 ()
(hm?) £
(@)
=
(o)
<
\/
tdec (S)
El, = MY/
(1/nm?)|  Elasticity Index Solid-Liquid Balance  (1/nm2s) |  Macroscopic Viscosity Index
L L L Aging time LG L Aging time h b b 'Aging time
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Smart scientific analysis

= Visco-elastic moduli versus frequency

MSD 4
(nm?)

kT
aas AF(s)

Neglocting imertia (OK foe s < 107 He)

(GSER) G(s)=sij(s) =

»

Gz Gig'
(Pa)

»
»

t

> >

Liquid like ~ Solid like solvent W (rad.s)

A
A

Generalized Stokes Einstein Relatio

Estimate G*(w) using
log skope of <Ar(fI>

Analytical contisustion
F =i
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Smart scientific analysis 7~

SPECIFICATIONS

= A unigque 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
= Solid-Liquid balance :
= Macroscopic Viscosity Index i =Easy samples comparison

Ei
B

>
time
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Fogﬂﬂgﬂc{gggﬁ 1) GELATION PROCESS 1

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 RheolLaser, following the gelation process)
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Formulaction 7> 1) GELATION PROCESS

Smart scientific analysis ]
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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Formulaction 7> 1) GELATION PROCESS

Smart scientific analysis ]
Study of 2 gelatins

Liquid Solid Liquid Balance
1
210
8101 Gelatin A
Gelatin A
B0 Gelatin B
6101 Gelatin B
0 7
w 7]
41'] O 5 EEEEENEEN AN EEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEESR I‘. AN EEEEEEEEEEEEEEEEEER
4101 A .
210 . .
2101 . .
Solid = - - -
10min 13 15min 20min 25min 30min - 33 35min 40min 45min

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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Formulaction \’> 1) GELATION PROCESS m
Study of 2 gelatins

Elasticity Index :Zj
10

§
E__ 10-1
—_ Gelatin A
w Gelatin A
Gelatin B
102 Gelatin B
2h 4h Gh 2h 10h 12h
Time Elasticity Index | Gel formation
_ (nm-2) 80%
= Gelatin B forms faster than A gelatin A 20 7h00
= Gelatin B forms a stronger gel than A gelatin B 8,1 4h30
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Formulaction 7> 1) GELATION PROCESS

Smeart scientific analysis 7 ]
Study of 2 gelatins

Computation of Network Size

Mesh size gelatin
90 T Zj
80 ——*
(]

70 +—= ‘
E 60 %
£ LN Gelatin A
g 0 O ‘e Gelatin B
(%]
< 40 *
g - .
> 30 -

20 *

. °
10 2
O T T T T T T T T =
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time

G’p g =kgT/(mesh size)3 ‘ G’ A > Mesh size N

=Mesh size decreases faster with a stronger gelatin (B stronger than A)
—> Stronger gel structure
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Formulaction% 2) DRUG DELIVERY SYSTEMS

Smart scientific analysis -
Silica gel versus pH

Experiment: Silica gel rheological behavior versus pH No particles added

= Gel at acid pH (Stomach pH =2 — 3.5)
= Degradation at basic pH (Duodenum pH > 7))

Equivalent MSD - syton pH2 - formation du gel ——18h5175" Equivalent MSD - Syton dur pH 12 - destruction du gel —h16'22"
% —1sh21'7 —12h 30" 40"
—15h 518"
—14h 7' 40"
% Z —zohat 10" L
= //'/-’ [ —ish44 41
= - —21h 3113 —17h ez
/ —zzh 11" 15" —15h1'52"
= —2zh 41" 18" —=zth 1 7
—=zsh 21" 18" —23h 47 34"
102 o -
m 23h 51' 20 Jp—
Q_.) —idohz1 21"
2 g
— ~—
N = E
£ (@] c
= = —1d zh 41' 28" = —ad Oh 54' 36"
= =1 fp— =
g < —1d 3h 11' 30 w —3d 7h 35" 41"
8 e g 3d 17h 5" 29"
= 9 —1d4hz1' 34 = -
n —1d 4h 51" 38" —dzh o 12
— 1dshs1 e —d 15h 15' 20"
—1d gh 1’ 43" —4d 21h 32 24"
—1d sh 41'51" —=&d 1h 38" 44"
—id7h iz o
——1d sh 10" 48" —=5d 10h 54' 54"
——1d 13h 14' 55" —=&d 13hz7' 5"
1 ——1d z0h 59" 18" —5d 15h 45 41"
——2d 4h 44" 34" —=5d 18h 3" 47"
101 1 10 Tednshse s —=5d 20h 13' 41"
—3d 4h 31" 29" i i
Decorrelation Time (s) _ sdishsrg Decorrelation Time (s) —=&d 2zh 15" 28"

Gelation at pH 2 Destruction at pH 12
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Formulaction% 2) DRUG DELIVERY SYSTEMS

Smart scientific analysis -
Silica gel versus pH

q \
No particles added

= Elasticity index monitors gelation and gel destruction versus aging time
b

Elastcity Index

3,50

3,00

2,50

2,00

1,50

1,00

0,50

0,00

0,00 2,00 4,00 6,00 8,00 10,00 12,00
Time (days)

S =

Gelation Destruction/ Drug delivery
> 2 days > 6 days
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Formulaction ? 3) EMULSION AND POLYMER L ravo
Polymer effect BN =

Q4

? | work on emulsions, | want to produce low fat emulsions, which kind of polymer
- and which concentration can | choose to keep similar end-use properties?

Polymer nature ‘ Polymer
concentration

"Polymer cost
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Formulaction% 3) EMULSION AND POLYMER

- EIN.
Smart scientific analysis | '2:% ‘ I;\IAY%
Polymer effect

LIGHT)

\-i

? | work on emulsions, | want to produce low fat emulsions, which kind of polymer
e |, and which concentration can | choose to keep similar end-use properties?

MED

—i—  cmulsion HG

=¥ emulsion 73%

—=—— eamulsion 40 + xanthan gum 0.2%
—=—  gmulsion 0 + goar gum 04005
—=— emulsion 0 + alpinates L850
——=——  gimulsion 4 + carrapeenan 0,2%

102

MSD (nm2)

Reference

10

107! 1

Ilecorrelation Time (s)

= MSD curves evolve versus polymer nature & concentration
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Formulaction% 3) EMULSION AND POLYMER e
Smart scientific analysis . l::::g
Polymer effect
N’
140 7
u ”.'.“' 4
S 120 7
2 e
= 100 -
v
2 80 -
=
o W Original Emulsion (A) '
8 60 -
E B Emulsion + Polymer
S 40 - 05
o 0;5 Carrageenan
. | : @ i
= 20 04 <>Alglnate
0 - T : ' £ 0,35
Carrageenan Guar s 03 B,
%0'25 Xanthan
3 02 .
ﬁ 0,15 - Ao
0,1
0,05 -
D 1
0,001 0,01 0,1

Elasticity Index

= Adding polymer — particularly xanthan and guar gums - to replace olil in
emulsions enables to save money in the components cost
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Formulaction% 4) STABILITY

Smart scientific analysis - ) . .
Study of delayed creaming : sample description

Applications:

= Analyse the stability properties of emulsions stabilized with a polymer
= Analyse the microstructure evolution
= Application field : cosmetic emulsions, flavoured emulsions, food...

Experiment:
= analysis of emulsions : stabilised with xanthan at different concentrations

.‘ | Oil in water emulsion : 20% vegetable oil, 2% tween 20, 1% NaCl
- | + xanthan (0.12%; 0.15%; 0.25%; 0.40%)

Data:
= Monitoring of the Macroscopic Viscosity Index versus ageing time
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Formulaction% 4) STABILITY

Smart scientific analysis

Study of delayed creaming with Rheolaser

Equivalent M5D - 0.12% xanthan

101
g
=
[2r)
=
102

101 1 10
Decorrelation Time (s)

Network formation

—h3ras LY

Network breaking,
destabilisation

= MSD curves evolve versus time - return to the left = signature of destabilisation
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Formulaction_ 4) STABILITY

Smart scientific analysis ) )
Study of delayed creaming with Rheolaser

Macroscopic Viscosity Index

104

103

0.4% xanthan
0.25%xanthan
0.15% xanthan

2 :
10° i34 0.12% xanthan

10

0 2d ad 6d ad 10d ||~ 40d 50d

Time

Polymer concentration

Breaking time (MVI drop) 4 hours Y 11 hours 5 days %2 42 days

Stability (macroscopic) 65 hours 168 hours >> 40 days >> 100 days

= The more thickener is added to the sample, the longer is the stability time (time before the MVI drops)
= The Rheolaser observation is faster than eye observation !
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Formulaction > CONCLUSIONS Q

* Rheolaser compares end use properties related to visco-elasticity
= Easily : no parameters needed, no configuration of the instrument
= 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

\__"/

-l
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