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Introduction 1 — Sizing methods

The most important sizing methods used routinely for
ceramic raw materials characterization are:

Laser diffraction (Mie / Fraunhofer approximation) — D,
Sedimentation analysis (Stokes equation) — Dg
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Introduction 2 — Oblate Particles

kaolin
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Introduction 3 — Oblate particles

Particle size distributions measured via sedimentation analysis
(Micromeritics Sedigraph 5100) and laser diffraction (Fritsch Analysette 22)
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Introduction 4 — Oblate particles

Correlation of average particle shape and mineralogical phase composition
in 5 commercial kaolin types from three different deposits (Czech Republic)
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Introduction 5 — Oblate particles

Different average shape and quantitative phase composition
in different size fractions of kaolins
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Introduction 6 — Oblate particles

» Although most real anisometric particles have an
irregular shape, many of them can approximately
be considered as rotationally symmetric.

» The most convenient model shapes for platelets are

circular disks and oblate spheroids.
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Theory 1 — Size distributions
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Theory 2 — Size distributions
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Theory 3 — Size distributions
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Theory 4 — Size distributions
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Theory 5 — Size distributions
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Theory 6 — Size distributions
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Theory 7 — Size distributions
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Theory 8 — Size distributions
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Theory 9 — Size distributions
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Theory 10 — Size distributions
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Theory 11 — Stokes equation

Classical Stokes equation for sedimentation analyses:

187V
D, = | =21V
SV -p00

(dynamic shear viscosity 7, steady-state settling velocity V, density

S F=Fy-F +F, =0
Ps 9 _FR =37 nV Dy

PABST, GREGOROVA, BERTHOLD et al.
ICT Prague (Czech Republic) & Universitat Ttibingen (Germany)



Theory 12 — Stokes equation

Modified Stokes equation for circular disks:

247V R
Dy =, |—"——
7(ps —pL) 9

(dynamic shear viscosity 7, steady-state settling velocity V, density

S F=Fy-F +F,=0

Farugon =67V Dy
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Theory 13 — Stokes equation

Modified Stokes equation for oblate spheroids:

367V R
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7(ps —pL) 9

(dynamic shear viscosity 7, steady-state settling velocity V, density

S F=F-F +F,=0
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Theory 14 — Aspect ratio formulae
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Theory 15 — Aspect ratio formulae

In practice, these formulae are applied to compare
sedimentation results with laser diffraction results (with
the laser diffraction equivalent diameter D, instead of
the true disk or spheroid diameter D,,).
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Theory 16 — Aspect ratio formulae

In the case of circular disks and oblate spheroids with
large aspect ratio the surface area is approximately:

sz%D,,,2

Cauchy’s stereological theorem says, that the
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Theory 17 — Aspect ratio formulae
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Theory 18 — Aspect ratio formulae

Our simple aspect ratio formula for spheroids in random
orientation, " [DLJZ
| B

s

can be considered as an approximation of the exact
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Theory 19 — Aspect ratio formulae
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Theory 20 — Aspect ratio formulae
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Theory 21 — Aspect ratio formulae
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Experimental 1 — SiC platelets

In practice, aspect ratio formulae are usually applied to
sedimentation and laser diffraction results (Dg and D, ).

Key question: Are the particles randomly oriented
during the laser diffraction experiment ?
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Experimental 2 — SiC platelets
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Experimental 3 — SiC platelets
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Experimental 4 — SiC platelets

Relative number
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Experimental 5 — SiC platelets

In order to transform the number-weighted (q,) distribution to a
volume-weighted distribution (g,) via the equation

05 =R;-D gy

the size dependence of the aspect ratio must be known.

R=04-D, -13

Aspect ato 1]
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Experimental 6 — SiC platelets

In order to transform the number-weighted (q,) distribution to a
volume-weighted distribution (g,) via the equation

05 =R;-D gy

the size dependence of the aspect ratio must be known.

Measured by focusing on the upper
and lower basal plane of SiC platelets !
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Experimental 7 — SiC platelets
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Experimental 8 — SiC platelets
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Experimental 9 — SiC platelets

dotted: measured Qg distribution

dashed: Q, calculated with constant R (22)

full: Q, calculated with size-dependent R

green: Q, after application of the Cauchy theorem
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Experimental 10 — SiC platelets

blue dotted: measured Q, distribution, blue full: Q calculated with size-dependent R,
green: Q,after application of the Cauchy theorem, red: Q measured by laser diffraction
100

D,, (Q, without Cauchy) = 49.5-51.3 um /.
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Summary and Conclusion — 1

* New simple formulae have been proposed to
calculate the average aspect ratio of oblate particles
when the size distribution is known from
sedimentation analysis (Ds). and either microscopic
image analysis (D,,) or laser diffraction (D,). All of
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Summary and Conclusion — 2

» Our formula for randomly oriented spheroids,

2
R[g]
DS

2R arctan4/(R

R(R?-1)+In[R++/(R
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Summary and Conclusion — 3

* For SiC platelets it has been shown that after
application of Cauchy’s sterological theorem the
size distribution measured by image analysis
coincides well with the laser diffraction result:
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X-ray and SEM studies of kaolins — 1
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X-ray and SEM studies of kaolins — 2 X-ray and SEM studies of kaolins — 3

Very low intensities due to
orientation texture
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X-ray and SEM studies of kaolins — 4 X-ray and SEM studies of kaolins — 5
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X-ray and SEM studies of kaolins — 6 X-ray and SEM studies of kaolins — 7
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X-ray and SEM studies of kaolins — 8

Kumulative Masse [%)]
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X-ray and SEM studies of kaolins — 11
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X-ray and SEM studies of kaolins — 12
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X-ray and SEM studies of kaolins — 13

10 T T T

90— Sedimentatiors-

o /i
o ,z"r
‘ Z
e
So |0 A

k ~= Laser scattering

1 o 100
Equivalent diameter [pm]

PABST, GREGOROVA, BERTHOLD et al.
ICT Prague (Czech Republic) & Universitat Tubingen (Germany)




X-ray and SEM studies of kaolins — 14

« Use of three different types of Czech kaolins:
Imperial®, KDK® and Sedlec 1a®.

- Particle size analysis using laser diffraction
(Malvern Mastersizer p) and sedimentation
(Micromeritics Sedigraph 5100).
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X-ray and SEM studies of kaolins — 15
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X-ray and SEM studies of kaolins — 16
KDK (Podbofany, CZ) : e
Mineral Bulk 0-2 2-63 | 63-20
sample | um um um
Kaolinite 70 7 66 61
Quartz 18 8 26 27
Illite 2 4 1 3
3 Smectite/ 3 11 2
s ML
.g Feldspar 7 R 5 9
2
6.3-20um
RN | TY
M\J <2um
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X-ray and SEM studies of kaolins — 17
Weight%
Sedlec Ia (Karlovy vary’ CZ) Mineral Bulk Dg—Z 2-63 | 63-20
sample um Hm Hm
Kaolinite |~ 95 % 92 82
Quartz 2 2 3 12
::; lite 3 3 5 6
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X-ray and SEM studies of kaolins — 18

: Weight%
Imperlal (K arlovy vary’ CZ) Mineral Bulk 0-2 2-63|63-20

sample um Hm Hm
Kaolinite 86 92 91 81
Quartz 5 2 5 10
Hite 8 5 4 9
Smectite 1 1 Detection

limit

Intensity (a.u.)
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X-ray and SEM studies of kaolins — 19
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