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TIEPIAHYH: Meletdrar to xepauxd vixd eixoor ootpdxwv equalwuéve xeoauixic tov 13ov-140v aidva, mov
Poébnxav oe avaoxagéc oty Osaoalovixg xat miotevetal 6t xaraoxevdotnxay o€ Tomxd epyaotijoia. H uebodoloyia
maepihapfiaver eE€taon ue orTIHG at NAERTQOVIHG UHEOOHOTIO 0AQWOEWS, AVAAVON UE PAOUATOOXOTIA SlAGTOOAC
evégyetag xair meplblaom axtivav X twv idiwv twv deryudrwv, xabog xai Eavaymuévay ae dedouévec Beouoxoaciec
Oeryudrov. AlamoTHVETaL 1) AOOOEATIXI] ETAOYI] TWY TEGTWY VAV THE REQUUIKIE TEXVOLOYIAS %l TWY avaloyiiy Tove,
onladnj aofeoroiywy (Ca0>5%) xat evtyrrwv anlav ue xald xai Aentd diapeptoud tov aoBeatohbixod vixov. Ot
ovvbijxes ymoiuaros elvar oetdwtixij atudopaipoa xair Oepuoxpaoia atnyy evoela meptoyrf Beguoxpactdv 850-1050°C.

The ceramic body of twenty glazed pottery sherds
(named TT1 to TT20) of the 13th-14th centuries era
found in excavations in Thessaloniki, Greece are studied
by means of optical (OM) and scanning electron micro-
scopy (SEM), energy dispersive spectrometry (EDS) and
X-ray diffraction (XRD) analyses. The corresponding ar-
ticles are believed to be manufactured in workshops of
Thessaloniki (Papanikola-Bakirtzis 1999). The aim of the
present work is to assess the technology used by the pot-
ters of these workshops and especially the kind of the clay
and the conditions of firing (temperature and atmos-
phere).

The colour of the fabric of the sherds is reddish brown
(mostly 2.5 YR 5/6 according to Munsell Soil Colour
Charts) indicating an oxidising kiln atmosphere. Two
sherds (nos. 13, 16) very hard and too dark grey were con-
sidered as overfired.

The microscopic vitrification morphology and the pore
structure of the ceramic body combined with the type of
clay used and the assumption of the atmosphere of the fir-
ing can yield the firing temperature range employed (Ma-
niatis 1981). To test the development of the vitrification
with temperature, pieces of all sherds were refired at
known temperatures and re-examined in the SEM.

Fresh cut out of the sherds surfaces were coated with a
thin layer of carbon in an evaporator to make the surfaces
conducting. The samples were then examined in a JEOL
840 SEM with a typical X2000 magnification, adequate to
examine the morphology of ceramic body, slip and glaze.
The extent of vitrification and consequently the proper-
ties of the pottery depend critically on both the particle
size and the distribution of calcite in the calcareous clays
used (Maniatis 1981).

Quantitative analyses of the specimens for the ele-
ments Na, Mg, Al, Si, K, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Sn and Pb were taken using the electron dispersive OX-
FORD ISIS 300 spectrometer of the SEM. The electron
beam covered a 220x 170 um? broad regular area without

any large aplastic inclusions. The elements were expressed
as oxides, the analyses totals were high ranging from
99.33% to 102.50% and they were normalized to 100%
for comparison purposes (Freestone 1982). On the basis
of the quantitative analyses it is concluded that in all
pottery products the kind of the clay used was calcare-
ous (CaO content more than 5.1%, CaO+MgO content
more than 7.1%) and low refractory (fluxes CaO +
MgO + FeO + Na,O + K;0 + TiO, more than 23.5%).
The results of the quantitative analyses are plotted in
ternary diagrams, one for silica (Si0,), alumina (Al,O;)
and CaO + MgO and a second for silica (8i,0), alumina
(Al,O;) and CaO + MgO + FeO + Na,0 + K,O0 + TiO,
(Fig. 1). The composition of the samples is found to be
uniform.

Fine-grained and well distributed particles yield a
stable vitrification structure by the formation of the nec-
essary framework of calcium and aluminum silicates. The
X-ray mapping based on CaKa in SEM of the fresh-
fractured surfaces of all the as-received sherds shows that
in the original clays used in all twenty sherds the calcite
was carefully ground and dispersed (Fig. 2).

All the examined surfaces (except nos. 13 and 16) exhib-
it extensive vitrification (V) morphology and open porous
structure (in Fig. 3 the microstructure of the samples TT2

Fig. 1. Ternary diagrams of the as-received.
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Fig. 4. Microstructure of the fabric refired at 1050°C.

and TT10 in the as-received state). Since the pottery sam-
ples are made of calcareous, low refractory clays and fired
in an oxidising atmosphere the firing temperature range
of 850°-1050°C can be assessed to the corresponding pot-
tery manufacture (Maniatis 1976).

Pieces of all sherds were refired at 900°, 950°, 1000°,
1050° and 1100°C in a LINDBERG tubular furnace in air
(oxidising atmosphere) at a heating rate of 200°h with a
soaking time of one hour at the peak temperature. The
cooling rate was also approximately 200°h. In all samples
the microstructure (vitrification stage V) remained un-
changed or in some cases exhibited a slight advance in the
amount of the amorphous phase in the temperature range
of 900°-1050°C (in Fig. 4 the microstructure of the same
samples TT2 and TT10 refired at 1050°C). It is shown that
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the control of firing temperature is not a critical factor to
achieve the good quality pottery associated with the ex-
tensive vitrification microstructure.

X-ray diffraction analyses of powdered pieces of the
ceramic bodies of all sherds were carried out by the Bragg-
Brentano method on a Philips diffractometer aimed to
determine the presence of minerals indicating with their
formation temperatures more precise firing temperature
ranges. Although in a few cases of both the as-received
and the refired samples weak peaks of diopside and spi-
nels were found it was not considered a strong evidence of
a minimum firing temperature.

The ceramic bodies of the pottery articles studied were
produced by a consistent technology. First a careful and
deliberate selection of both the kind and the proportion
of the clay raw materials, i.e. the use of calcareous low
refractory mixtures with fine dispersed calcite. Second,
in the context of the materials used, the application, in
an oxidising atmosphere, of a comparatively low firing
temperature (>850°C) extended in a wide range (200°C)
needed no critical control over the vitrification state and
consequently the mechanical properties of the pottery
produced.
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