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The woodash glass produced in 
northern Europe from Middle Age 
to pre-industrial period has higher 
liquidus temperatures than the an-
cient soda-lime glass. Such a fact de-
manded for more high temperatures 
attained in the melting chamber and 
more performing refractory materi-
als. This study examines the effects 
of the firing and use of the glass-melt-
ing crucibles from the pre-industrial 
glassworks of Südel (Entlebuch, LU). 
The aims are (1) to assess the temper-
ature reached in the melting chamber 
and (2) to understand the reaction 
behaviour under service conditions. 
Fifty fragments of crucibles, among 
those found by the archaeologists of 
the “Denkmalpflege und Archäologie 
des Kantons Luzern” (1983/84), were 
analysed with petrographical, minera-
logical and chemical techniques. Bulk 
chemical (XRF) and mineralogical 
(XRD) analyses were performed on 
the core portion of the samples.

In thin section, the samples show 
a very homogeneous texture (fine 
sand) and petrographic composition 
(monocrystalline quartz). Non-plas-
tic inclusions as high as 70-80 % in 
volume occur. In many cases, the silt 
quartz is very low birifringent due to 
the polymorphic transformation in 

tridymite or cristobalite. The matrix 
is composed of orthorhombic mul-
lite microcrysts surrounded of a very 
weak birefringent cryptocrystalline 
groundmass. Each analysed sherd 
shows a crystalline core, a vitrified 
surface and some glass adhering to 
the surfaces. The sharp contact be-
tween vitrified surface and glass let 
suppose vitrification of the surface 
during firing.

SiO
2
, Al

2
O

3
 and TiO

2
 are the major 

components. Alkali and alkali earth 
oxides occur with percentages gener-
ally below 1 wt. %. 

Twenty-eight fragments (group 
A) are composed of orthorhombic 
mullite, a-quartz, a-cristobalite and 
a-tridymite for, and 22 others (group 
B) of orthorhombic mullite, a-quartz, 
a-cristobalite. The occurrence of 
tridymite seems to be related with a 
higher concentration of alkali oxides. 
It is now commonly accepted that tri-
dymite forms only if a small amount 
of impurities is present. It can form 
in a temperature range between 872° 
and 1600°C. Since tridymite is not a 
stable phase in the pure silica system, 
stability relations between quartz, 
tridymite and cristobalite based on 
Fenner’s (1913) diagram cannot be 
used as reference to estimate the tem-

perature range to which the crucibles 
were exposed. However, the structural 
order of the new-formed cristobalite 
point to a temperature range between 
1350°C and 1500°C. Such thermal 
conditions could be explained with 
the heterogeneous temperature distri-
bution in the melting furnace.

The vitrified surfaces have quite 
homogeneous thickness (≈ 0.5 mm). 
The glassy phase is composed of SiO

2
 

and minor amounts of Al
2
O

3
 and al-

kali oxides (EDS). The alkali source 
is supposed to be the combustion gas 
circulating in the melting chamber. 
The surfaces of the crucibles in con-
tact with the glass show some Ca-Mg-
K contamination and a more complex 
surface geometry. The diffusion of 
such elements is responsible for glass 
corrosion, but the SiO2-rich glassy 
layer, formed during firing, helped 
them to withstand corrosion.

These results are a further con-
firmation that wood-fed melting 
furnaces (18th century) could reach 
higher temperatures than those com-
monly accepted. The silica-alumina 
refractory body of the crucibles was 
compatible with the temperature 
range required and warranted, on an 
average, a good glass-corrosion re-
sistance under running conditions.
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