IMPROVING THE KNOWLEGDE OF CERAMIC MATERIALS MANUFACTURE
BY MEANS OF ANALYTICAL TECHNIQUES

Elena Mercedes Perez-Monserratl, Antonio Perlaz, Rafael Fort' and Maria Jose Varas Muriel"?
"Instituto de Geociencias IGEO (CSIC, UCM), Madrid, Spain, empmon@geo.ucm.es
’Facultad de Geograffa e Historia, Universidad Nacional de Educacién a Distancia (UNED), Madrid, Spain
*Facultad de Ciencias Geoldgicas, Universidad Complutense de Madrid (UCM), Madrid, Spain

1. Introduction

Clay versatility is enhanced by the use of additives that enable the improvement of certain
properties [1, 2]. Firing clays involves mineral phase changes that mainly depend on its
composition, heating rate, maximum firing temperature, remaining firing time and oxidation
or reduction kiln conditions [3, 4]. The firing temperatures reached can be deduced from the
presence or absence of certain mineral parageneses [5]. Mineralogical variability is greater
during firing in calcium-rich clay than low-calcium content clay [6].

Ceramic materials used at Former Workers Hospital of Maudes (Madrid, Spain), built
between 1909 and 1916 by Antonio Palacios Ramilo (1874-1945), are studied. The building
mainly consists of four bays arranged diagonally around several gardens, with a fountain in the
central one. The brickwork walls comprise outer face stonework shaped mainly with limestone
and some original staircases of the gardens are made of bricks. The building facades as well as
the body of the fountain are decorated with ceramic pieces and the fountain basin is adorned
with a tile trencadi¢. At 80’s, nearly all the original ceramic pieces on fagades were replaced
and the fountain trencadi¢ was partially repaired [image 1]. Decorative ceramics used inside
the building should be taken into account, as fountain tile trencadic manufacture is probably
connected with these materials.

References related to decorative ceramics [7-9] noted that original ceramic pieces were
made by Daniel Zuloaga in Segovia (Spain) with iron oxide-rich red clay and silica added and
were fired in an oxidising atmosphere at 1200 °C; that the original tiles for the basin fountain
were pressed and manufactured by a Spanish Eastern or Sevillian (Spain) company; and that
the interior decorative ceramics were processed by Ramos Rejano in Seville.

Such references also pointed out that at 80’s the replaced ceramic pieces of facades were
mechanically pressed, using Madrilenian clay and sand from Segovia, grog from Teruel (Spain)
and high quartz content as additives and they were fired under oxidising conditions at
1200-1250 °C; and that tiles used to repair the fountain tile trencadic (made by extrusion) as
well the inner decorative ceramics (by semi-mechanical pressing), were made from red mud,
calcium-rich pastes and Madrilenian sand at Madrid's School of Ceramics and were fired at
1030 °C.

By means of optical microscopy and X ray diffraction analysis, bricks of inner walls and
gardens staircases (both originals) and decorative ceramics (originals and made at 80’s) are
studied. Findings of the analyses conducted are compared with the references consulted and
new data on manufacture of ceramic materials found in a heritage building are provided.
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CERAMIC MATERIALS IN BUILDING HERITAGE: CONSERVATION PROBLEMS AND INTERVENTION

Image 1. Ceramic materials at Former Workers Hospital of Maudes (Madrid, Spain). Original bricks that shape inner
fabric walls (a) and staircases of gardens (b); original ceramic pieces that decorate the body of the fountain (c);
replaced decorative ceramic pieces on facades (d); tile trencadig, original and repaired (upper area, with green
color), that cover the fountain basin (e).

2. Results and discussion
2.1 Optical microscopy analysis

Image 2 displays polarized optical micrographs of the ceramic materials studied, where
aggregate mainly comprised monocrystalline quartz grains.

The inner fabric wall bricks show significant chromatic and textural heterogeneity and high
porosity, mainly due to its firing under uncontrolled atmospheres and its manual pressing,
possibly at brickworks that were then located nearby the hospital [10]. The gardens bricks
were carefully manufactured and the addition of generous amounts of grog, which enhance
paste strength and avoid contraction during firing [2], can be observed.

Original ceramic pieces show grog and quartz aggregates with heterogeneous size as well as
opaque minerals, possibly iron oxides from the red clay used [7], are observed. In both the
original and replacement ceramic pieces, the important amount of quartz grains aggregates
would confirm that silica was added to the original pastes and Segovian sand to the replaced
material [7], mainly as a degreaser to improve the mechanical properties of the pastes [11].

The even texture observed in the replacement ceramic pieces, in terms of aggregate size
and shape and of its orientation parallel or sub-parallel to the outer surface, was due primarily
to the mechanised manufacturing procedure used [7]. In the original tiles, the aggregate: paste
ratio is 1:3 and 3:1 in the repair material; this could point out that stronger pastes achieved by
adding aggregate inclusions of quartz were employed at repaired tiles manufacture.
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Image 2. Polarized optical micrographs of the ceramic materials studied (plane polarized light). Original bricks, from
inner fabric walls (a) and staircases of gardens (b); original ceramic pieces that decorate the body of the fountain
(c); replaced ceramic pieces on fagades (d); original (e) and repaired (f) tile trencadig that cover the fountain basin.

2.2 X ray diffraction analysis

Mineral phases identified by X ray diffraction are shown at image 3. At inner fabric walls
bricks, the presence of hematites would reveal the existence of iron oxides in the clay raw
material and/or they may have also been generated during firing [12]. The identification of
gehlenite and anorthite would denote the use of a mix of kaolinitic and calcitic clays, in which,
during the firing process, metakaolinite-gehlenite-anorthite recrystallisation would have taken
place.

This reaction would have been enhanced by the structural similarity among these three
mineral phases and expedited by the replacement of the aluminium in the kaolinite with iron
[13]. The detection of gehlenite and anorthite would indicate that the temperature reached
must have been over 950 °C. The high temperature mineral paragenesis identified in the
gardens bricks (large amounts of wollastonite, diopside and anorthite and the near absence of
gehlenite) reveals the use of a technology able to reach temperatures of over 1000 °C.

Firing temperatures reached for ceramic pieces, 1200 °C for originals [9] and 1200-1250 °C
for replaced [7, 8] could not be confirmed. Nevertheless, since quartz concentration declines
drastically from 1100 °C [14], the high quartz content ruled out firing temperatures of 1200 °C
in the fraction analysed.

In the ceramic pastes used in gardens bricks and fountain original tiles, the absence of
phyllosilicates and carbonates as well as the presence of wollastonite, gehlenite and diopside
pointed out that the firing temperatures must have been higher than 900 °C and that the clay
raw material had a high calcium and/or moderate magnesium content [6, 14]. This could
denote that both ceramic materials could have been elaborated from the calcium-rich clay
used at Sevillian traditional ceramic industry [15], so they could be manufactured by the same
company (Ramos Rejano) that made the interior decorative ceramics. Besides, mineral phases
identified at repair tiles pastes may confirm they were made with calcium-rich pastes and that
the firing temperature was around 1030 °C [7]. The failure to identify anorthite and the
presence of gehlenite and wollastonite in the repair tile pastes might be attributed to a low
calcium or silica content in the clay used in their manufacture [9].
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These high temperature (=800-1000 °C) or neoformation mineral phases were generated in
the clay paste during firing when the phyllosilicates in the clay raw material reacted with the
calcium or magnesium oxide released during calcite or dolomite decomposition [16]. The
presence of gehlenite and diopside together denotes firing temperatures of over 900 °C, while
gehlenite alone is indicative of temperatures of over 800 °C and much higher than 900 °C if
wollastonite is generated [16]. Diopside forms at higher temperatures than gehlenite and its
presence entails the partial disappearance of the latter [15]. Gehlenite and wollastonite are
regarded as intermediate compounds [17, 18] that became unstable phases in the presence of
silica and high temperatures, generating neoformation phases with a higher silica content such
as anorthite [6, 14, 16].

The intensity of the main diffraction peaks of the high temperature mineral phases may
serve as grounds for establishing differences in the firing temperatures reached. The original
tile pastes (Gh > Di, Wo and An) were therefore fired at a lower temperature (>800 °C) than
the repair tile pastes (Gh = Di and Wo; >>900 °C), which were in turn fired at lower
temperatures than the gardens bricks (Gh < Di, Wo and An; >1000 °C).
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Image 3. Mineral phases identified by X ray diffraction on ceramic materials pastes (P: phylosilicates, Qtz: quartz,
An: anorthite, Gh: gehlenite, Wo: wollastonite, Kfs: potassium feldspar, Di: diopside, Hem: hematite).

Conclusions

Inner fabric walls bricks and decorative ceramic pieces made by Zuloaga displayed uneven
textural features, corresponding to their manual processing. Similar mineral parageneses
identified at bricks from gardens and original tile trencadic noted that they could be
elaborated from related clay raw material and were probably manufactured by the Sevillian
company that made the interior decorative ceramics. In order to increase the ceramic pastes
strength, the manufacture of the materials studied carried out the use of grog and quartz
aggregate inclusions as additives as well as firing temperatures circa 1000 C.
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