Annex — Outline of a study design on aluminium/Al,Os in ceramic glazes

Draft (English) — as a supplement to the bullet points / interview preparation (Status: 03/2026)

1. Starting point: Why aluminium/Al,Os is methodologically tricky here

From a ceramics perspective, aluminium oxide (Al,Os) initially appears counter-intuitive as a
“problem substance”: in glaze chemistry, Al,Os typically acts as a network/matrix stabiliser (it
improves hardness, durability and viscosity; and it often reduces the solubility of other
constituents). If aluminium is nevertheless measured as an element in eluates from ceramic
tests, this does not mean that Al,Os has been “reduced to metal”, but that aluminium in
dissolved form (ions/complexes) has migrated from the surface/microstructure into the test
fluid.

The key point is therefore not “good or bad”, but: under which matrix and process conditions
does measurable release occur at all, and is that release relevant compared to everyday sources
(e.g., aluminium cookware)?

2. Practical reference: the comparison with aluminium cookware (Matthes example)

A ceramic glaze chemist (Wolf Matthes) raised, in essence, the following objection: metallic
aluminium is used in households in real life (e.g., cooking pots), and after long use one can
observe visible changes to the surface (e.g., due to salt/cooking). If such everyday sources are
socially accepted, the question is what evidence shows that aluminium release from ceramic
glazes—under realistic conditions of use—constitutes a priority risk.

3. Aim of the study

The aim is to build a ceramics-specific bridge between toxicological evaluation (“Al as an
element in the eluate”) and materials-science controllability (“which glaze/firing/decoration
constellations are critical versus robust?”).

4. Core questions (research questions)

e In which ceramic typologies (earthenware/low-fired, stoneware, porcelain) does
measurable Al release occur—and in which does it not?

e  Which process parameters correlate most strongly with release (firing temperature band,
soak time, oxidising/reducing atmosphere, under-/over-firing, cooling regime)?



e  Which glaze families/matrix parameters are robust vs. vulnerable (e.g., ratio of network
formers to fluxes, Al,03/SiO, level, alkali fraction, matte phases, crystallisation,
micro-porosity)?

e What role do decorations (under-/in-/overglaze, decals/prints) and contact zones
(rim/inside surface) play?

e How does Al release under standardised migration tests compare with practice-relevant
stresses (dishwasher/commercial dishwashing, acidic foods, salt, heat)?

e Can the data be distilled into a simple, practical typology/guidance (“process windows”,
no-go constellations, testing priorities)?

5. Study design — modular proposal
5.1 Module A: Sample and typology plan (representative instead of “everything”)
Proposal: targeted typology instead of random/individual case collection.

e Ceramic bodies: earthenware/low-fired, stoneware, porcelain (each with multiple
makers/studios plus industrial production).

e Glaze class (coarse): transparent/opaque; glossy/matte; high-/low-fired; optionally
lead-containing (historical) vs lead-free.

e Decoration: none / underglaze / inglaze / overglaze / decal/print; each at the rim vs only on

the outside.

e “Kiln-formed” techniques: wood firing / salt firing / soda firing (high variability; samples
distributed across the kiln space).

e Process window: planned variation (e.g., “nominally correct” vs slightly under-/over-fired;
oxidising vs reducing, where relevant).

5.2 Module B: Ceramic metadata (so results are statistically usable)

e Material group / firing proxy (category + temperature band).

e Decoration type and contact zone (rim/inside surface/outside).

e Firing schedule: atmosphere, peak temperature, soak times, cooling regime (as far as
documentable).

e Seger formula / glaze chemistry is a must (including for commercial glazes) — otherwise
results cannot be reliably traced back to glaze matrix/process conditions;
manufacturer/product code only as a supplement.

e Surface condition (glossy/matte; visible crystalline phase; porosity/defects).

5.3 Module C: Test protocols — standardised + practice-relevant



Combination of (i) comparability with EU practice and (ii) everyday relevance.

Standard test: 4% acetic acid — temperature/time according to established ceramic
protocols; measurement of element concentrations in the eluate (Al as focus; optionally
Co/Ni/Cr/Ba/Pb/Cd as co-read).

Stress/worst-case variant(s): higher temperature; longer exposure; repeated cycles (to
capture “ageing” / wash-out curves).

Practice protocol 1: dishwasher/commercial dishwashing simulation (e.g., defined number
of cycles + subsequent migration).

Practice protocol 2: salt/heat scenario (as a bridge to the aluminium-pot argument; e.g.,
saline/acidic cooking simulant).

Benchmark reference: aluminium cookware samples under comparable practice conditions
(benchmark).

5.4 Module D: Analytics and evaluation
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Analytics: ICP-MS/ICP-OES for elements in the eluate (Al as main focus; optionally
multi-element).

Surface/microstructure: e.g., SEM/EDS selectively (where useful) to understand “why”
(micro-porosity, phase separation, crystalline phases).

Statistics: correlations/clusters by typology (body, decoration, contact zone, firing proxy,
glaze family).

Output: risk proxies applicable for enforcement and for producers (e.g., “overglaze at the
rim” + low-fired proxy = higher testing priority).

. Expected results (deliverables)

Ceramic typology “robust vs. critical” (not only individual cases).

Concrete guidance for producers: process windows and no-go constellations (e.g.,
decoration at the rim; certain low-fired constellations).

Proposal for ceramics-relevant data fields in DoCs and official sampling (so future datasets
become learnable).

Comparative frame to the everyday source aluminium cookware (contextualisation rather
than gut feeling).

7. Why this is central for regulation and enforcement

Without such a design, “Al in the eluate” remains a toxicological/analytical number without a

ceramics translation. In practice, that leads either to blanket paperwork obligations or to broad



testing requirements that overburden SMEs and still do not concentrate effort where the real
hotspots are. The study is therefore a prerequisite for being able to demand operator
responsibility in a fair way (instead of blind flight or a de facto occupational ban).



