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Hydroxypropyl Methylcellulose (HPMC)

DuPont (2019). Water-Soluble Cellulosic Polymers for Industrial Applications.
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HPMC experiences high-shear rates in various applications

Pharmaceuticals Surfactants & Coatings Lubricants

Blood Flow:

 

Lubrication:Spraying:
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Does HPMC continue shear thinning at high-shear rates?

Dow (2002). METHOCEL Cellulose Ethers Technical Handbook.
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Rheology is used to determine HPMC behavior at a wide 

range of shear rates 

Murphy et al., Soft Matter (2020). Capillary RheoSANS: measuring the rheology and nanostructure of complex fluids at high shear rates.   

Capillary Rheometer

Variables:

● Shear Rate

● Molecular Weight

● Degree of Substitution

● Concentration

● Temperature
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Rotational Rheometer
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Gelation occurs over a broad temperature range
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Storage Modulus (G’) Loss Modulus (G”)
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Heating

Tonset
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Tplateau
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Gelation occurs over a broad temperature range
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Concentration (wt%)
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Shear thinning starts occurring at low-shear rates
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Concentration (wt%)
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Viscosity decreases as temperature increases from 10°C 
to 40°C



10

Note: Some zero-shear viscosities ignore yield stress at low-shear rates
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Zero-shear viscosity helps to predict high-shear behavior
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η=η𝑖𝑛𝑓 + 
η0  − η𝑖𝑛𝑓

1+(𝛼 ሶ𝛾)𝑛

Predicting high-shear behavior: Cross Model
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What is Small-Angle Neutron 
Scattering (SANS)?

Hammouda (2016). The SANS Toolbox.
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Increasing 
Temperature

Determining nanostructure from SANS fitting
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Gelation Temperature 

and Low-Shear Behavior

SANS Fitting and 

Nanostructure
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Predicting High-Shear 

Behavior
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Preliminary Results and Future Work
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Murphy et al., Soft Matter (2020). Capillary RheoSANS: measuring the rheology and nanostructure of complex fluids at high shear rates.      

Salipante et al., Rheologica Acta (2022). A small-volume microcapillary rheometer.
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Capillary Experimental Data
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Thank You!
ANY QUESTIONS?



Gelation Temperature 

and Low-Shear Behavior

Predicting High-Shear 

Behavior
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Nanostructure



Backup Slides
Zero-Shear Values

HPMC Mn-10,000 Temperature Ramp

METHOCEL F50 Temperature Ramp
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Zero-Shear Values
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METHOCEL F50 Steady-Shear Ramps
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Gelation Temperature Quantifications



Model Equations
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10°C 20°C 30°C

40°C

Model Parameters



SANS Parameters

Temp 
(°C)

Flexible 
Cylinder Scale

Flexible 
Cylinder 
Radius (Å)

Rigid Rod 
Scale 

Rigid Rod 
Radius (Å)

Flexible 
Cylinder (%)

Rigid Rod (%)

30 0.00021432 114.49 0.38304 4.2016 0.055921092 99.94407891

45 0.00046356 84.543 0.36415 4.5044 0.127137345 99.87286265

50 0.0048335 87.989 0.33848 4.8748 1.407896864 98.59210314

75 0.12374 110.05 0.33088 4.0953 27.21833619 72.78166381
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