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Sample preparation and particle size determination
as the basis for controllable processes
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rThe production of ceramic materials does not only begin with shaping and does not end
with firing. It begins with the powder’s characteristics. Particle size, particle size distri-
bution, particle shape, and the sample condition influence how ceramic raw materials can
be processed, how densely a green compact can be packed, how homogeneously sintering
proceeds, and what mechanical, optical, or thermal properties the component ultimately

achieves.

The state of the powder is not a peripheral parameter of ana-
lytics, but a central factor in material production. This applies
to traditional raw materials such as clay, feldspar, quartz, or
chamotte as well as to high-purity oxide ceramics, dental
ceramics, glazes, or functional intermediates. Fine particles
can improve packing density and sintering kinetics, but at the
same time exacerbate agglomeration, increased shrinkage, or
thermal sensitivity. Coarse fractions can support dimensional
stability and process robustness, but become critical when
oversize particles, inhomogeneity, or optical defects must be
avoided. It is precisely in this area of tension that it is decided
whether ceramics can be produced reproducibly or whether
process windows remain unstable.

CERAMIC QUALITY DOES NOT EMERGE ONLY
AT THE POINT OF MEASUREMENT.

IT EMERGES WHERE POWDER CONDITION,
SHAPING, AND SINTERING BEHAVIOR
BECOME CONTROLLABLE.

Many problems that later manifest as rejects, optical devi-
ations, cracking, or fluctuating release data therefore arise
long before final inspection. They begin with non-represent-
ative samples, incorrectly chosen comminution principles,
thermally unfavourable preparation, or inadequately
controlled dispersion.

In the ceramics industry, anyone who focuses solely on
measurement misses the point. What matters is mastering
the entire chain - from the raw material through prepa-
ration to reliable characterisation. This is precisely where
FRITSCH comes in: not with isolated individual instruments,
but with a workflow that transforms difficult material states
into reproducible manufacturing and analysis conditions.

Contact us!

We will find the perfect
laboratory equipment for
your application.



https://www.fritsch.de/kontakt/weltweit/
https://www.fritsch.de/kontakt/weltweit/
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SAMPLE PREPARATION AS PART OF CERAMIC
MANUFACTURING PROCESS

In ceramics, sample preparation is more than just a preliminary
laboratory step. It plays a decisive role in determining whether

a material condition can be reliably produced, evaluated, and in-
corporated into the manufacturing process at all. The first critical
point is representativeness. Particularly in the case of heteroge-
neous raw materials, broad particle size distributions, or mixtures
prone to segregation, a laboratory sample can only meaningfully
represent the actual bulk material if sampling, minimum mass,
and splitting are carried out properly. Without this foundation,
any subsequent characterisation loses its significance.

This is immediately followed by material-specific comminution.
In ceramics, it helps determine how a powder densifies, how
pores are eliminated during sintering process, how stresses
develop, and how wide the workable process window becomes.
What matters is a graduated process strategy: coarse or heteroge-
neous starting materials must first be reduced to a defined feed
size before fine grinding becomes reproducible and meaningful.
For this robust first stage, the P-1jaw crusher is used. Where a
reproducible coarse stage and subsequent fine comminution

at larger throughputs are required, the P-13 disc mill and the

P-16 cross beater mill take over. This turns hard-to-compare raw
material into a defined input material for downstream processing
and analytics.

P-1

JAW CRUSHER

Quartz; before and after being crushed using the FRITSCH P-1
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For fine and ultrafine grinding, the goal is not maximum fineness P-5 premium
at any price, but a defined and reproducible distribution that is PLANETARY MILL
tailored specifically to shaping, compaction, and sintering. In the
development of new materials and for small sample quantities,
the P-5 premium and P-7 premium are particularly relevant
because they combine high energy input with very fine final
fineness. For routine tasks or for grinding and preparing shaped
bodies for downstream analytics such as XRF, the P-5 and P-6
planetary mills are practical choices. They operate reliably in the
fine and submicron range and can be consistently integrated into
recurring laboratory workflows.

Preparation becomes particularly critical for hard and high-purity
oxide ceramics such as ZrO, or ALO,. In such cases, the processing
itself must not become a source of contamination. Abrasion
from unsuitable materials or excessively long grinding times

not only skews analyses, but also compromises the reliability of
subsequent material evaluation. This is precisely where the P-5
premium becomes comes into its own: providing high energy
where it is technically necessary for ultra-fine grinding and
homogenisation, combined with controlled conditions and the
suitable material pairing. For very small sample quantities, as are
frequently encountered in development or root-cause analyses,
this approach can be applied to minute quantities with the P-23.

Clay; milled with the FRITSCH P-5 premium

THE DECISIVE STEP IS THEREFORE NOT
MAXIMUM FINENESS, BUT A CONTROLLED
POWDER CONDITION THAT CAN BE ADJUSTED
DELIBERATELY — TOWARD FINENESS, HOMO-
Silicon carbide; milled with the FRITSCH P-6 GENEITY, OR DOWNSTREAM ANALYTICS.




5 | CERAMICS WITH FRITSCH - Sample preparation and particle size determination as the basis for controllable processes

F

PARTICLE SIZE DETERMINATION AS FEEDBACK
ON POWDER CONDITION

In ceramics, particle size analysis is only truly valuable if it is

not viewed in isolation as a mere laboratory figure. Its relevance
stems from the fact that it is directly linked to packing density,
shaping, sintering behavior, agglomeration, oversize particles,
and the reproducibility of subsequent component properties.
Particle size is the lever through which microstructure, densifica-
tion, defect density, and properties are influenced.

PARTICLE SIZE MEASUREMENT IS NOT MERELY
A FINAL CHECK, BUT PROVIDES FEEDBACK ON
WHETHER THE SPECIFIED POWDER REALITY
FITS THE CERAMIC APPLICATION.

Laser diffraction is the established standard for this. However,
particle size distribution alone does not, in itself, provide

reliable information. Without controlled dispersion, defined
measurement conditions, and repeatability testing, agglom-
eration, operator differences, or methodological variations are
quickly introduced into the measurement. Particularly in ceramics
- where narrow process windows and material-specific critical
conditions are crucial — dispersion is therefore a secondary step,
but one of the most important factors for achieving reproducible
results.

A-ZZ NeXT

PARTICLE ANALYSER

The A-22 NeXT is specifically designed to address this reality. The
system combines wet and dry dispersion allowing users to estab-
lish appropriate, SOP-based routines depending on the material:
Wet dispersion is used when agglomerates need to be broken
down in a controlled manner; dry when rapid process checks of
larger sample quantities are required. In this way, a distribution
curve becomes a reliable benchmark for quality control, develop-
ment, and batch evaluation. This is particularly relevant when it
is necessary not only to measure, but to assess whether a powder
condition fits shaping, compaction, or sintering.
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Wet measurement of a dental ceramic sample using the FRITSCH A-22 NeXT;
A low RMS error indicates high reproducibility and measurement stability

(CV for D10/50/90 <1%). This also indicates high stability and homogeneity of
the suspension.
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At the same time, laser diffraction is insufficient in many ceramic
applications. A particle size distribution can show where fine and
coarse fractions are located, but it does not always explain why

a material reacts abnormally during the process. Agglomerates,
oversize particles, or shape-critical fractions can often only be
suspected from a particle size distribution alone. This is where
the A-28 usefully complements the workflow. Dynamic image
analysis makes shape, agglomeration, and coarse individual
particles visible, thereby provides the context that pure distribu-
tion data cannot deliver. With material-specific limits, roundness,
aspect ratio, or convexity can become objectifiable criteria — and
thus a practical tool for reliable approvals.

This combination is particularly crucial in ceramic manufactur-
ing. With zirconia (ZrO) dental ceramics, it is not just a matter

of narrow particle size distributions, but also of minimising
contamination and detecting critical agglomerates, as even small
deviations can affect optical and mechanical properties.

In the case of bricks, clay, and chamotte, oversize fractions must
be identified at an early stage before they destabilize the shaping
process, the surface finish, or subsequent processes. With glazes,
on the other hand, a cleanly controlled dispersion determines
whether the measured distribution can be interpreted meaning-
fully at all. Only when sampling, dispersion, and the measure-
ment methodology are carried out as a coherent workflow does
the likelihood increase of obtaining reproducible data that are
robust for manufacturing and release decisions.

FRITSCH comes into its own where particle measurement must
become a reproducible evaluation and decision-making process.
Not because a figure alone is convincing, but because behind that
figure lies a methodology that makes the reality of the material
visible and methodologically sound. In this way, particle size
determination in ceramics becomes what it needs to be: not just
a measurement value at the end, but a tool to manage manufac-
turing processes more reliably.

A-28

PARTICLE ANALYSER
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Image analysis of sand by the FRITSCH A-28

A PARTICLE SIZE DISTRIBUTION ALONE DOES
NOT EXPLAIN A CERAMIC PROCESS. ONLY
WHEN DISPERSION, SHAPE ANALYSIS, AND
REPEATABILITY ALL ALIGN DOES A MEASURE-
MENT BECOME RELIABLE FEEDBACK.
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rWhat does all of this mean in everyday ceramic processes? A cleanly managed powder condi-
tion creates the prerequisite for evaluating raw materials robustly, developing formulations
stably, and running shaping and sintering processes reproducibly. If any of these steps are
neglected, it leads to uncertainty, variation, and incorrect decisions often arise long before
they become visible as scrap or release issues. If it is built properly, development, quality
control, and production gain a more stable process window and significantly greater deci-
sion confidence.

This is the practical value of sample preparation and particle size determination. They shift
evaluation forward: deviations become visible before they manifest in rework, unstable sintering
behaviour, or fluctuating quality. This turns control into a tool that helps classify raw-material
variation earlier, align process windows more precisely, and secure releases more robustly.

FRITSCH combines these steps into a workflow that directly connects to manufacturing and
process control. This creates a reliable basis for development, quality control, and production
from difficult raw materials, sensitive intermediates, or demanding ceramic powders.

ANYONE WHO WANTS TO MANUFACTURE CERAMICS REPRODUCIBLY
MUST NOT ONLY CAPTURE MATERIAL STATES, BUT MAKE THEM
CONTROLLABLE.

Zirconium oxide
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