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3 (bio)pharmaceutical, materials, food, cosmetic, & others
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o Do To Do Io Do

Product development & optimization (Quality by DesigiiD)

Manufacturing optimization & inprocess control
batch consistency

addition order & rate

mixing time & speed

temperature (heating/cooling range & rate)
bulk transfer (shear, rebuilding)

equipment type & sizedcaleup)

transport (sedimentation, phase separation)

Too T o T To T Do

Physical stability
Delivery

Performance / Efficacy

Sensory
Regulatory considerations: macrostructure equivalence (Q3)

Biotechnology (entanglement, aggregation, stability) 2



Rheometer Overview
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9 different surfaces |
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-rough
-serrated

Lower Plate
1 does not move

{ same surface as upper

{ controls temperature(-5 to 180C)
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A What assay should | use?

A What experimental parameters should | consider?

A Which is more viscoushoney or mayonnaiset? g, s, h?
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Some Basic Entrees

VISCOMETER

A Very good basic QC instrument
A Are batches generally similar?
A Generates a single value at defined temperature, spindle type & spee

RHEOMETER (characterizes sample in much more detail)
Y ROTATIONAL

A Non-equilibrium (ramp) viscosity

A Equilibrium (step) viscosity

A Thixotropy

A Creep test

A Temperature sweep

Y OSCILLATIONAL

A Amplitude sweep

A Frequency sweep (single and ramp)
A Temperature sweep

Y VERTICAL
A Pull Away
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Rheology is much more
than just viscosity!
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Rheology




Regulatory Expectations
mduct (Dis)Similarity to RLD (Reference Listed Drug) for AND/

Surfacianf

QL Qualitative Y Same components } ¢ =

Q2 Quantitative Y Q1 & same amount 4 %

Q3*: Microstructure
Y Ql+ Q2 +same arrangement of matte
Y stability, batchto-batch consistenc

Wormlike

Viscoelastic Wormlike

Y Rheometer may discern among arrangements based on associz

energies
Y Rheological properties may affect biological activity

* "Draft Guideline on Quality and Equivalence of Topical Products" European Medicines Agency (180ct2018)
(https://www.ema.europa.eu/en/qualityequivalencetopicatproducts#currertversionsection)

* "Generic Development of Topical Dermatologic Products: Formulation Development, Fbesedssment and Testing of Topical Dermatological Products”
AAPS J. 2013 Jan; 15(1x521https://www.ncbi.nim.nih.gov/pmc/articles/PMC3535108/)

* "Testing Topicals: Analytical Strategies for th&/ltmo Demostrationof Bioequivalence" Pharm Tech Sept 2018
(http://www.pharmtech.com/testingtopicalsanalyticaistrategiesvitro-demonstratiorbioequivalence?pagelD=1) 6




Principlec Viscosit
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w Vv dzI vy Upgughfst&ss) néedesl to get the material toovea certain

speed (shear rate) and vice versa

Force applied to Area

Displacement

: Upper Plate
Heigh’:t :
.. Lower Plate

Top plate surface
area (A) rotates
with force (F)

Image from MalveriPananalytical
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Viscosityl) =Shear Stress-t
Shear Rate ¢

=Force/Area
Strain/Time

=Force/Area

(Displacement/Height)/Time

| More stress” more displacement per time | 7
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Flow Curvey Rotational Assay

Newtonian
measure with viscometer

Shear-Thinning

(non-Newtonian)
measure with rheometer

N

Shear Rate

(most lotions, creams, ointments)

Viscosity

Viscosity

Shear Rate

(silicon oil, water)

A Many semisolids shear thin (nehNewtonian)

Viscosity

/

/V

Shear-Thickening/Dilatant

(non-Newtonian)
measure with rheometer

-

Shear Rate

(corn starch)

A Helpful to model processes (spreading, pumpirsyringability, feel)

Shear rate = strain/time
(Strain=displacement/height)



Shear Rate of Processes (range?l(@ trillion)) -
/
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High s
Storage _ Dripping Shear rate = strain/time
Sagging Pouring (Strain=displacement/height)
Sedimentatio
= — = . Brushing
> Levelin Pumping
. oMl
2 yringe
> b
Mouthfeel
Viscometer Range
Rotational Rheometer Range
Low < . >
Capillary Rheometer Range
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Shear Rates of Common Processes (Continued)
/

Shear rate = strain/time
(Strain=displacement/height)

SAMPLE STORAGE

Very low shear rates: ~ 0.001s*
How stable is it (sedimentation, phase separation),
sampl e qualityé

SAMPLE DELIVERY

Medium shear rates: ~10s1
Pumpability? Scoopability?

—=  Storage
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Low shear rates: ~1s1
Too thin? Flows off hand?

SAMPLE APPLICATION -2
Higher shear rates: ~100s1
End use Too thick to spread? Nice feel?

/
/
/ SAMPLE APPLICATION 1

Image from MalverriPananalytical 10



Effect of Shear o
Wpolymer& emulsions
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Microstructure at Rest (Zero Shear)

(Disordered/Entangled)
sghe B
Ooog :O:O:OO /a\ / SR

Microstructure under Shear
(More ordered/aligned)

o A __— o000 000
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Polymer chains Emulsion droplets Elongated particles alig Aggregates break dowh

disentangle and stretct reorganize and deform  with flow (shear force)  to primary particles

Image from MalvernPananalytical 1
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rimary Experimental Parameters Rheometer Action

- Stress = Force/Area
U geometry type (cone or plate; smooth, rough or serrated?) >

U stress ramp rate (slow slow)?

Yield Stress
4. NBF 1¢ &aiNHzO
- Flow begins, viscosity drops

Ty

Report Yield Viscosity

Viscosity vs Shear stress l

Logh (Viscosity,cP[centipoise])

Report Yield Stress

V)

Logs (Shear Stress; Pa [Pascals])
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. Ketchup: Shear Stress - Viscosity vs Shear stress
= 10° ¢ —— . — —— .
I - Brand 2 is thicker : : . :
1 - : <
I Brand 2 Requires more stress to flow : Yield Stres_.s
W But, will it rebund after force thru bottle (sheared)’> |i
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1072 107! ~ 107 10%
Logs (Shear Stress; Pa [Pascals])
|——E|——— Ketchup Brand 1 ShearStressRamp 0-200Fa 100sec 1mm 25C
---  Ketchup Brand 2 ShearstressRamp 0-200FPa 100sec 1mm 25C

WModel if sample likely to settle
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