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Applications in industry

~1,000,000 s-1
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Presenter
Presentation Notes
Before talking about RheoSANS, why do we care about high shear rates and low sample volumes?High shear rate ex:Medicinal injectionsHigh pressure spraysOil extractionLow sample:Precious/ScarceExpensiveEx. NIST mAb



Shear rate and traditional RheoSANS

h
v

�̇�𝛾 = v/hShear Rate:

~5000 s-1

7-20 mL Sample
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Presentation Notes
Step back, how have we done shear rate studies in the past and why are they not sufficient?Also, what is a shear rate?What is a shear rate? -> distance-normalized shear deformation- capillary: fluid “sheets” flowing at dif speedsWhat is viscosity? -> resistance to flowThree common responsesSample in cup w/ spinning bob -> constant shear rate throughoutBut too low shear rate and too high sample volume



Applications in industry

~1,000,000 s-1
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Presentation Notes
Remember this is what we want



Capillary µRheoSANS
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Presentation Notes
Our proposed solution is Capillary µRheoSANS Flow sample through capillary (microscale pipes)Neutron scattering to probe microstructure



Capillary µRheoSANS
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Presentation Notes
Here’s a closer look at the capillary since it’s hard to seeLoop capillary to get more sample volume in beam for better scattering intensity



Capillary size and velocity

20 μm

100 μm
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Presentation Notes
Look at these small silica pipes!Really small for low volume…100 um ID – width of human hairThat gives really high shear rates…7 mL/min Water1.02 million s^-130 m/s ~ 70 mph--240 FPS






Capillary fluid flow
Laminar Poiseuille Flow (Newtonian)

𝜏𝜏 = 𝜇𝜇�̇�𝛾

VelocityShear Stress (𝜏𝜏) Shear Rate (�̇�𝛾)

Non-Newtonian

𝜏𝜏 = 𝜇𝜇 �̇�𝛾 ⋅ �̇�𝛾

Shear Stress 8

Presenter
Presentation Notes
What does this flow look like on the microscopic lvl?Suddenly we have to think about…No uniform shear rate as in cup and bobProfiles more complex for Non-Newtonian



Comparison to Slit µRheoSANS

High Shear Regions

100 μm

8 mm

100 μm

Flow Out 
of Screen
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Approximate Scattering 
Volume [µL]

SANS 100
Slit Cell 10
Capillary 1

Presenter
Presentation Notes
These shear stress/rate profiles come in to consideration when comparing w/ another μRheoSANS techniqueCapillary: circular (need ~4-6 mL/min + 500 bar pump)Slit Cell: rectangular (need 400 mL/min + 5000 bar pump)Capillary: higher % of sample is in high shear rate regionSlit Cell: higher scattering vol [μL] Capillary: flow longer for better statistics, but more sample in high shear ratesRadial: 190 μLTangential: 40 μL1-2 Cell: 10 μLTypical SANS: 100 µL



Determining physical limits
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Presentation Notes
Now that we’ve established the system and its advantages/disadvantages, what limits do we need to look at before SANS?Well-documented Newtonian water-glycerol solutions80% Glycerol - About viscosity of olive oil Honey is about 10,000 mPa*sB/c of pressure sensor?, off by a small factor (theoretical/actual ~ 1.3)



Wormlike micelles

Cross-section

Hydrophilic head

Hydrophobic tail
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Presentation Notes
Now that we know its limits w/ Newtonian fluids, let’s look at a Non-Newtonian, complex fluidPrimarily WLMAggregate of surfactants in solutionHigh enough salt % – WLMCan break apart and reform (not bonded)ALSO tested NIST’s monoclonal antibody (mAb) and a dilute star polymer solutionSurfactants reduce surface tension



Micelles under high shear
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Presentation Notes
What happens to these micelles under high shear rates?Shear ThinningReynold’s # is ratio of inertial resistance to viscous resistanceReynold’s numbers below transient and turbulent flow (still laminar as we set forward earlier)Max was 6602300 and 4000 are limits plottedRe = (ρ*D*Q)/(A*µ)



Small Angle Neutron Scattering (SANS)

Beam Source

Capillary

Q

Detector

𝑄𝑄 =
4𝜋𝜋 � sin 𝜃𝜃

𝜆𝜆

θλ
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Presentation Notes
Brief intro to SANS--1-2 plane – (1) flow direction, (2) velocity gradient direction



2D SANS profiles
Wall �̇�𝛾 = 1.3∙104 s-1

WLM (SLES 4.6% NaCl 8%)
Wall �̇�𝛾 = 0 s-1

WLM (SLES 4.6% NaCl 8%)
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What did these high shear rates look like in SANS (for WLM)Anisotropic scattering is an indication of alignment



Micelle alignment factors
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Presentation Notes
Alignment factor is from 0 (perfectly random) to 1 (perfectly aligned)Max earlier for 4.6% but higher alignment at this pointAlignments are across all shear rates in the material but are plotted by the wall shear rate since that is known



Wall shear rate scattering isolation
Isolated High �̇�𝛾 Region 
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Wall �̇�𝛾 = 1.3∙104 s-1 Wall �̇�𝛾 = 6.4∙103 s-1
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Remember that there is a shear rate distributionSubtract lower shear stresses (and rates) to isolate alignment in high shear rate regions near wallStill technically a range, but a smaller oneIssues if not linear, concentration gradient (particle migration), stress gradient--.1 mL/min - .05 mL/min



Validating results
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1.15% SLES Optimization (L = 1 m)
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Presentation Notes
Now that we have gathered all this data, did we accomplish what we wanted to?Most importantly:Showed high shear ratesShowed low sample volumesBlue is pressure limitDECREASE length to about .7 m (lower samp vol) or NEW pump [or INCREASE id (until hit flow limit) to get higher rates w/ micelles]Versatility: Star polymer got up to ~10^6 s^-1ULTIMATELY verified the use of capillary µRheoSANSA powerful tool for future rheological measurements--Showed hyper-aligned micelles and handled high viscositiesShowed versatilityAble to put together optimization curve for this sample now (predicts 7.4x10^5 s^-1)
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Comparison to Slit µRheoSANS
Slit Cell1
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Presentation Notes
Subtraction initially developed for slit µRheoSANSHow does this compare?When isolating high shear rate regions…The capillary has a higher % of sample in the high shear rate regions-BUT- the slit has a higher volume of sample in those regions Therefore, have to count longer for capillary (less volume), but have more high shear data (more %)Radial: 190 μLTangential: 40 μL1-2 Cell: 10 μLTypical SANS volume is 100 µL



Comparison to Slit µRheoSANS

High �̇�𝛾

High �̇�𝛾

Capillary
Slit Cell
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Count longer for capillary, but have more high shear rate dataRadial: 190 μLTangential: 40 μL1-2 Cell: 10 μLTypical SANS: 100 µL



Important equations

�̇�𝛾 =
4𝑄𝑄
𝜋𝜋𝑅𝑅3

𝜏𝜏 =
Δ𝑃𝑃𝑅𝑅
2𝐿𝐿

𝑣𝑣 =
Δ𝑃𝑃𝑅𝑅2

4𝜇𝜇𝐿𝐿
1 − ⁄𝑟𝑟 𝑅𝑅 2

𝜇𝜇 =
Δ𝑃𝑃𝜋𝜋𝑅𝑅4

8𝐿𝐿𝑄𝑄
�̇�𝛾𝑊𝑊𝑊𝑊 = �̇�𝛾𝑎𝑎

1
4

3 +
𝑑𝑑 ln �̇�𝛾𝑎𝑎
𝑑𝑑 ln 𝜏𝜏

𝜏𝜏 = 𝜇𝜇�̇�𝛾

Apparent Wall 
Shear Rate

Shear Stress Capillary Shear Stress Capillary Velocity

Capillary Viscosity
(Hagen-Poiseuille)

Corrected Wall Shear Rate
(Weissenberg-Rabinowitsch)

𝑅𝑅𝑅𝑅 =
𝜌𝜌𝜌𝜌𝑄𝑄
𝐴𝐴𝜇𝜇

Reynold’s Number
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Re = (ρ*D*Q)/(A*µ)



Micelle alignment factors
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Presentation Notes
Now let’s plot the alignment of these isolated rates (open points)Shift to left (subtraction leads to intermediate shear rates)Shift up when increasing and down when decreasing (taking out lower shear rate contribution – less averaging) 



Stability of micelle pressure drops
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Other capillary jet video
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