Drying wet powders with shear to prevent
agglomerate formation
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Objective & Approach

Characterizing the formation of agglomerates during drying with different model
powders and shear conditions

Industrial drying of materials: Our approach:

Large range of shear conditions

Large range of powder properties

An approach to understand agglomerate evolution through model

experimental geometries and stress conditions

How does the applied shear control agglomerate distributions? evolution?
How does the kind of cohesion modify agglomeration? (brittle, or reforming)

Natural agglomeration vs. the behavior of controlled agglomerates in shear



Experimental models for cohesive granular materials
d = 2.2 mm d =1.1 mm d = 0.5 mm d = 0.3 mm d = 0.07 mm
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Force sensor
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Measuring inter-particle adhesion forces
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Measuring inter-particle adhesion forces
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. . . ) solid/ brittle bonds
Measuring inter-particle adhesion forces
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Slide 3.2: Measuring inter-particle adhesion: bridges drying to solid bonds



Measuring bulk cohesive stresses:

Powders: measuring forces not feasible at the scales of particles — a bulk description of cohesion strength is often used

Reformable bonds: Shear strength measurements Solid bonds: Tensile strength measurements et f
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Slide 4: Measuring bulk cohesion  COllalbboration: Abhi Shetty (Anton Paar)



Measuring bulk cohesive stresses: aside

’ S . Sharma, R.S., et al.
& . For bulk scale processes, details of the S of e aparicle cshesion o
\
- ) source of cohesion can be ignored in the collapse of granular columns.
4
7 C Physical Review Fluids. 9, 074301
N - favor of a bulk description. 004

Slide 4.1: Measuring bulk cohesion: applications



Imerys Calcium Carbonate vs Glass Beads: Comparative Analysis

Comparison of 40-200 Mesh Imerys CaCO3 and 45-90 pm glass
beads:

- Similar size distribution results in similar yield stress.

- Yield stress saturates with wetness for glass beads, but
appears to increase significantly for CaCOs3
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Measuring cohesion in drying particles: recap

Particle Scale: Experiments of separating individual grains and model expressions

Bulk Scale: Experiments of static failure in shear cells

The description used to quantify cohesion is based on the scale of process

. 2 . d Fadh
Rumpf's relation: o, ~ F,4./d Richefeu-Rumpf: o, = —¢Zpg
-} i,
: : drying :
Capillary bridges _ Brittle bonds
®
In the pendular state, most liquid is constrained to such bridges : Solid bonds prepared from a pendular state followed by a
(W <5 5% by mass) drying process, in the presence impurities & precipitates
Faan ~ d : Fogh ~ d°
Adhesion can reform after the breakage of any bond - Adhesion is present only till the breakage of link
Transient agglomerates that depend on the stress-state - Fixed agglomerates by the drying process, that undergo

subsequent breakage

Slide 5: Measurement of cohesion [summary]



An approach to understand agglomerate evolution through model
experimental geometries and stress conditions

Low stresses: rotating in a drum High stresses: impinging turbulent jet

Transient/ system-defined agglomeration in reforming cohesive systems

Imposed agglomerates in brittle cohesive systems




0.5x real speed

Cohesionless grains: quick recap
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d = 0.5mm

Cohesionless

When slowly tumbled, model reforming cohesive grains display regular structure on the
free surface of the system

Besides a point of re-attachment, there is a distinct point of

0.5x real speed separation between the grains and the boundaries. Strength due to
cohesion maintains structure, before regular failure events.

These failure events set the Failure
dominant agglomerate scale
for observed roughness

[Quantification ongoing]

Re-attachment
d = 0.5mm

Polymer coated grains



Dominant agglomerate scales for cohesive grains a rotating drum
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Dominant agglomerate scales for cohesive grains a rotating drum
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Slide 7.3: Low shear systems: dominant agglomerate scales



Dominant agglomerate scales for cohesive grains a rotating drum

Effects of €2, drum size and cohesion source on surface roughness

Can a simple rotating drum geometry be used to measure cohesion strength?



Sample Preparation

10 mm

Sample Preparation

> Initial size distribution controlled using a grid template.
> Agglomerates: dried with 25% wt NaCl solution (200 g/L): 5% wt NaCl in the powder.

Experiment

The agglomerates are kept in the rotating drum for 24 hours and
extracted for analysis.

Slide 7.5: Low shear systems: brittle agglomerates



Sample Preparation

10 mm

Sample Preparation

> Initial size distribution controlled using a grid template.
> Agglomerates: dried with 25% wt NaCl solution (200 g/L): 5% wt NaCl in the powder.

Experiment

The agglomerates are kept in the rotating drum for 24 hours and
extracted for analysis.

Force undergone by aggregates

Stress driving the erosion/break up (collision): 7 x p g d,.,
Force of order F' ~ Ta’agg2 ~ 10uN — 1 mN

Aggregate size analysis

The system is first sieved into three bins:
> Bin 1: dyppiy < 0.425mm, m = 185.5 g
> Bin 2: 0.425 mm < d,;, < 2mm, m = 23.6 g
> Bin 3: dyppi, > 2mm, 7.3 g

Slide 7.5: Low shear systems: brittle agglomerates



Si1ZzE DISTRIBUTION: 180 - 210 MICRON

» For Bin 2: 0.425 mm < d,,, < 2 mm, we use the microscope:
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Slide 7.6: Low shear systems: brittle agglomerates distributions (200 um) Agglomerate Size dygo (MmM)



SiZE DISTRIBUTION: 45 - 90 MICRON
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An approach to understand agglomerate evolution through model
experimental geometries and stress conditions

Low stresses: rotating in a drum High stresses: impinging turbulent jet

Transient/ system-defined agglomeration in reforming cohesive systems

Imposed agglomerates in brittle cohesive systems




Sharma, R.S., et al.

Erosion of cohesive grains by an
impinging turbulent jet

Physical Review Fluids. 7, 074303
(2022)



High stresses: impinging turbulent jet
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Agglomerate Breakup under a Turbulent Jet
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Agglomerate Breakup under a Turbulent Jet

0.7 mim The local velocity near the agglomerate is:
— pUZ=43—17.3kPa
o U.=60—-100m/s
U; ~ 200m/s

Yield Stress, . [kPa]

Regime map for no fragmentation /
fragmentation under different shear-stress ¢



Agglomerate Breakup under Turbulent Jets

Evolution of PSD with time
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Agglomerate Breakup under Turbulent Jets

Evolution of PSD with time for different grain diameters:
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Slide 8.3: High-shear systems: agglomerate fragmentation



An approach to understand agglomerate evolution through model
experimental geometries and stress conditions




