Size and Shape Characterization of
Prolate Particles

W. PaBsT,: E. GREGOROVA,* C. BERTHOLD,? et al.

1 Department of Glass and Ceramics, Institute of Chemical
Technology, Prague, Czech Republic
2 |nstitut fir Geowissenschaften, Universitat Tiibingen,
Germany

Exenuno Kans
UniveRsITAT
ICT PRAGUE Toamcex

Introduction 1

* Size and shape characterization of strongly
anisometric particles and particle systems
(platelet and fiber systems) poses severe theoretical
and practical problems.

« Flaky particles (platelets): Shape information can
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Introduction 2

» Elongated particles (fibers): Fiber orientation

effects in the flow cell of laser diffractometers
(alignment in the flow direction) can lead to strongly
non-circular diffraction patterns and can have a
strong impact on the results (BERTHOLD et al. 2000).
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Objectives

» Determination of the size and shape distribution of a
polydisperse short-fiber system by image analysis.
Quantification of the “average shape”.

* Measuring the effective viscosity of short-fiber

suspensions in dependence of the fiber volume
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Materials
Two types of wollastonite, WM 45 and HSV 45.
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Microscopic image analysis 1

+ Software: LUCIA G version 4.81 (Laboratory Imaging,
Prague, Czech Republic).

+ Short-fibers marked manually by rectangles (or five-
point ellipses), 1000-1500 objects measured.

PABST, GREGOROVA, BERTHOLD - ICT Prague (Czech Republic)
and Universitat Tubingen (Germany)



Microscopic image analysis 2
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Microscopic image analysis 3
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Microscopic image analysis 4

Relative volumes (g3 histogram) before second re-ordering
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Microscopic image analysis 5

Relative volumes (g3 histogram) after second re-ordering
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Microscopic image analysis 6

Cumulative (Q3) curve without re-ordering
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Microscopic image analysis 7

Cumulative (Q3) curve after first re-ordering only
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Microscopic image analysis 8

Cumulative volumes (Q3 curve) after re-ordering (smoothing)
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Microscopic image analysis 9
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Microscopic image analysis 10

Cumulative (Q3) curves (log scale), comparison
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Microscopic image analysis 11
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Microscopic image analysis 12

Average aspect ratios: WM 45 approx. 5, HSV 45 approx. 16 (scatter 50 %)

Aspect ratio [1]

Projected area diameter [microns]

PABST, GREGOROVA, BERTHOLD - ICT Prague (Czech Republic)
and Universitat Tubingen (Germany) ICT PRAGUE

Microscopic image analysis 13
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Microscopic image analysis 14
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Conclusions — Image analysis

» Although the scatter is large (approx. 50 % within
each size class and approx. 25 % among the mean
values), average aspect ratios are well reproducible
and roughly size invariant, approx. 5 for wollastonite
WM 45 and approx. 16 for wollastonite HSV 45.

PABST, GREGOROVA, BERTHOLD - ICT Prague (Czech Republic)
and Universitat Tubingen (Germany)

Suspension rheology — Theory 1
+ Relative viscosity: 7, = .
+ Intrinsic viscosity: P b=t
+ Viscosity of dilute suspensions (Jeffery-Einstein):
n, =1+[n]4
Viscosity of concentrated suspensions:
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Suspension rheology — Theory 2

» Dependence of the intrinsic viscosity on the aspect
ratio [](R) (Brenner formula, theoretically sound)

[7]=50Q, —%Qz(sinza)—%(:i(]}z +4Q, )(sin? 90052¢)+%(3Q2 +4Q, ) (sin® 0sin 24)
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Suspension rheology — Theory 3

» Dependence of the critical volume fraction on the
aspect ratio 4 (R) (Kitano relation, purely empirical )

¢ =054-0.0125-R
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Suspension rheology — Experimental

» Suspensions: Wollastonites (density 2.9 g/cm3®) WM
45 and HSV 45 in 60 wt.% sugar solution (density
1.285 g/cm?®, viscosity 43 mPas), prepared by

ultrasonication. Sedimentation times increased by a
3 0 e wate
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Suspension rheology — Results 1

Suspension of wollastonite WM 45 (R=5)
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Suspension rheology — Results 2

Suspension of wollastonite HSV 45 (R=16)
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Suspension rheology — Results 3

Starch (R=1) suspensions (for comparison)

a0

Relative viscosity [1]

0 10 20 EY 40 50 60
Solids volume fraction [%]

PABST, GREGOROVA, BERTHOLD - ICT Prague (Czech Republic)
and Universitat Tubingen (Germany)

Suspension rheology — Results 4

Critical volume fraction and intrinsic viscosity;
fit parameters obtained via
the Krieger relation (left) or the Maron-Pierce relation (right)
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Suspension rheology — Results 5

Comparison of Kitano et al. data and fit with our data and fit
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(Kitano et al. 1981)
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Conclusions - Suspension rheology 1

» Experimentally determined intrinsic viscosities (4.3,

4.8 and 11.9 for particle systems with average aspect
ratios 1, 5 and 16 respectively) are significantly
higher than theoretically predicted, which are 2.5,
2.8 and 3.9, respectively (Brenner formula).
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