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Supporting R&D thru Manufacture

Ʒ (bio)pharmaceutical, materials, food, cosmetic, & others

Å Product development & optimization   (Quality by Design (QbD))

Å Manufacturing optimization & in-process control
Å batch consistency
Å addition order & rate 
Å mixing time & speed
Å temperature (heating/cooling range & rate)
Å bulk transfer (shear, rebuilding) 
Å equipment type & size (scale-up)
Å transport (sedimentation, phase separation)

Å Physical stability

Å Delivery

Å Performance / Efficacy

Å Sensory

Å Regulatory considerations:  macrostructure equivalence (Q3)

Å Biotechnology (entanglement, aggregation, stability)
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Movements Ҧ ǘƻǊǉǳŜ
ωRotational (1 direction)
ω Oscillational (bi-directional)
ωVertical

Rheometer Overview

Image from Malvern Pananalytical

Upper Plate 
¶only moving part contacting sample
¶different surfaces

-smooth
-rough
-serrated

Lower Plate
¶does not move
¶same surface as upper
¶controls temperature  (-5 to 180̄C)



.ȅ ŜƴŘ ƻŦ ǇǊŜǎŜƴǘŀǘƛƻƴΧΧΦ

ÅWhat assay should I use?  

ÅWhat experimental parameters should I consider?

ÅWhich is more viscous ςhoney or mayonnaise? t, g, s, h?  

ÅLǎ ǎƛƭƭȅ Ǉǳǘǘȅ ǾƛǎŎƻŜƭŀǎǘƛŎ ǎƻƭƛŘ ƻǊ ƭƛǉǳƛŘΚ  DΩΣ DέΣ DϝΣ d, h*?
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Rheology

Viscosity
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Some Basic Entrees
VISCOMETER
ÅVery good basic QC instrument
ÅAre batches generally similar? 
ÅGenerates a single value at defined temperature, spindle type & speed

RHEOMETER (characterizes sample in much more detail)
ÝROTATIONAL
Å Non-equilibrium (ramp) viscosity 
Å Equilibrium (step) viscosity
Å Thixotropy
Å Creep test
Å Temperature sweep 

ÝOSCILLATIONAL
ÅAmplitude sweep
ÅFrequency sweep (single and ramp)
ÅTemperature sweep

Ý VERTICAL
ÅPull Away 

Rheology is much more 
than just viscosity!
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Regulatory Expectations
Confirm Product (Dis)Similarity to RLD (Reference Listed Drug) for ANDA

Q1: QualitativeÝSame components

Q2: QuantitativeÝQ1 & same amount

Q3*: Microstructure
ÝQ1+ Q2 + same arrangement of matter
Ý stability, batch-to-batch consistency

Ÿ Rheometer may discern among arrangements based on association   
energies

Ÿ Rheological properties may affect biological activity
* "Draft Guideline on Quality and Equivalence of Topical Products" European Medicines Agency (18Oct2018)

(https://www.ema.europa.eu/en/quality-equivalence-topical-products#current-version-section)

* "Generic Development of Topical Dermatologic Products: Formulation Development, Process Develoment, and Testing of Topical Dermatological Products" 
AAPS J. 2013 Jan; 15(1): 41-52 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3535108/)

* "Testing Topicals: Analytical Strategies for the In-Vitro Demostrationof Bioequivalence" Pharm Tech Sept 2018 
(http://www.pharmtech.com/testing-topicals-analytical-strategies-vitro-demonstration-bioequivalence?pageID=1)



±ƛǎŎƻǎƛǘȅ ƛǎ άǊŜǎƛǎǘŀƴŎŜ ǘƻ Ŧƭƻǿέ ǳƴŘŜǊ ŀǇǇƭƛŜŘ ŦƻǊŎŜ

ω vǳŀƴǘƛŦƛŜǎ ǘƘŜ push(stress) needed to get the material to movea certain 

speed (shear rate) and vice versa

Principle ςViscosity
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Top plate surface 

area (A) rotates 

with force (F)

Displacement

Height

Force applied to Area
Viscosity(h) = Shear Stress= t

Shear Rate       g

= Force/Area
Strain/Time

=Force/Area
(Displacement/Height)/Time

Upper Plate

Lower Plate

Image from Malvern Pananalytical More stress ́ more displacement per time



Flow Curves ÝRotational Assay

ÅMany semisolids shear thin (non-Newtonian)

ÅHelpful to model processes (spreading, pumping, syringability, feel)
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(silicon oil, water)

Newtonian
measure with viscometer

Shear Rate
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Shear Rate
(most lotions, creams, ointments) (corn starch)

Shear-Thinning
(non-Newtonian)

measure with rheometer

Shear-Thickening/Dilatant
(non-Newtonian)

measure with rheometer

Shear rate = strain/time
(Strain=displacement/height)
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Shear Rate of Processes (range 1012  (1 trillion))
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High

Low

10-6                                                                                                            1                                                                           106

Sedimentation

Storage
Sagging

Leveling

Dripping
Pouring

Mixing

Brushing
Pumping
Extrusion
Syringe

SprayingMouthfeel

Viscometer Range

Rotational Rheometer Range

Capillary Rheometer Range

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

gShear Rate (sec-1)



Shear Rates of Common Processes (Continued)

SAMPLE STORAGE

Very low shear rates: ~ 0.001s-1

How stable is it (sedimentation, phase separation), 

sample qualityé

Storage

End use

SAMPLE DELIVERY

Medium shear rates: ~10s-1

Pumpability? Scoopability?

SAMPLE APPLICATION 1

Low shear rates: ~1s-1

Too thin?  Flows off hand?

SAMPLE APPLICATION - 2

Higher shear rates: ~100s-1

Too thick to spread? Nice feel?

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

10Image from Malvern Pananalytical
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Image from Malvern  Pananalytical

Effect of Shear on aƛŎǊƻǎǘǊǳŎǘǳǊŜΦΦέƎƻǿƛǘƘ ǘƘŜ Ŧƭƻǿέ
Ýbiologicals, polymers, emulsions

Microstructure under Shear
(More ordered/aligned)

Polymer chains 
disentangle and stretch

Emulsion droplets 
reorganize and deform

Elongated particles align 
with flow (shear force)

Aggregates break down 
to primary particles

Microstructure at Rest (Zero Shear) 
(Disordered/Entangled)



¸ƛŜƭŘ {ǘǊŜǎǎ άCƭƻǿ /ǳǊǾŜέΥ ƴƻƴ-equilibrium ramp

ωPrimary Experimental Parameters 
Űgeometry type (cone or plate; smooth, rough or serrated?)    
Űstress ramp rate (slow ­ slow)?
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Yield Stress 
-ά.ǊŜŀƪέ ǎǘǊǳŎǘǳǊŜΣ 
- Flow begins, viscosity drops

12

Rheometer Action 
Stress = Force/Area
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Report Yield Viscosity

Report Yield Stress



¸ƛŜƭŘ {ǘǊŜǎǎ άCƭƻǿ /ǳǊǾŜέ ƴƻƴ-equilibrium ramp

ω Model if sample likely to settle 

({ǘƻƪŜΩǎLaw Ҧ Ŏŀƴ ŘƻǿƴǿŀǊŘ ŦƻǊŎŜ ƻŦ ǇŀǊǘƛŎƭŜǎ ƻǾŜǊŎƻƳŜ ƳŜŘƛŀ ȅƛŜƭŘ ǎǘǊŜǎǎΚ ­more next slide)
ω IŜƭǇŦǳƭ ƳƻŘŜƭ ŦƻǊ ŘƛŦŦƛŎǳƭǘ ǘƻ ǇǳƳǇ ƻǊ ǎǘƛǊ ƳŀǘŜǊƛŀƭǎ  
ω CƻǊƳǳƭŀǘƛƻƴ ƻǇǘƛƳƛȊŀǘƛƻƴ όǘȅǇŜ ŀƴŘ ŀƳƻǳƴǘ ƻŦ ǘƘƛŎƪŜƴŜǊǎΣ etc)
ω LƴǎƛƎƘǘ ŦƻǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƻǇǘƛƳƛȊŀǘƛƻƴ
ω ¢ǳƴŜ ŎǳǎǘƻƳŜǊ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ǎŀƳǇƭŜ ςthicker, creamier 13

Brand 2 is thicker
Requires more stress to flow
But, will it rebuild after force thru bottle (sheared)?
{ǘŀȅ ǘǳƴŜŘΧ

Brand 2

Brand 1
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Yield Stress


