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ABSTRACT

Research was carried out to study the degradation of the glaze layer of a set of
Portuguese tiles

from the 17th and 18th centuries. The ageing action of NaCl salt has been
tested on a group of tiles that presented different characteristics and defects on
their glaze layer. The defects resulted from previous degradation or
manufacturing faults.

The research results show that tile characteristics such as the porosity, vapor
permeability, drying rate and especially the occurrence of some particular glaze
defects were the most dangerous decay drivers.
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1. INTRODUCTION

From the possible forms of decay of Portuguese historical faience tiles, the
most worrisome is

the detachment of the glaze layer, because it contains the pigments and thus
the image without which the artistic value of the tiles is lost. The detachment of
the glaze layer involves the failure of the connection between the glaze and the
ceramic body, but the reasons for this detachment are still not completely
understood [1]. The loss of parts of the glaze layer can also accelerate the
degradation by allowing moisture to enter into the ceramic body. The most
frequently mentioned degradation causes are related to the presence of water:
the presence of soluble salts and biologic activity e.g. lichens.

The mechanisms of the damage caused by salts are considered to be the
crystallization growth,

hydration states, thermal expansion, and swelling of porous salt aggregates by
moisture or

temperature [2]. These are believed to induce mechanical stresses sufficient to
overcome the

ceramics mechanical strength and cause damage to the matrix [3] and to the
glaze-ceramic body interface. The damage caused by salts can become
manifest in several ways besides glaze detachment such as glaze blistering, tile
dampness, biscuit disaggregation, tile fissuring and the less harmful salt
efflorescence. The type of damage induced by soluble salts depends on the
characteristics of the tiles, the type of salt that contaminates them, and the
prevailing environmental conditions.

Sodium chloride is one of the most commonly encountered salts in Portuguese
architectural

heritage, primarily on areas located close to the sea [4]. Whenever cyclic
crystallization-dissolution occurs, strong crystallization pressures during crystal
growth of sodium chloride can physically damage the ceramic materials by


mailto:jmimoso@lnec.pt

disrupting their porous matrix [2]. The reason why, in the same conditions,
some tiles decay while others do not is not yet completely understood. It seems,
however, to be related to the occurrence of susceptible areas in the tiles caused
by (local) variations of their composition and/or their physical and chemical
properties. These heterogeneities could for instance have been caused by
inhomogeneous raw materials, variations in the manufacturing procedure, the
result of actions or degradation suffered by the tiles during their existence.
Decay is also favored by some manufacturing defects [1].Within this report we
study the influence of NaCl salt degradation on a sample of 17th and a group of
18th century historic tiles (Figure 1) with different glaze defects such as
delamination, pores, cracking and areas without glaze (Table 1).

2. MATERIALS (texto no Livro de Actas)

3. EXPERIMENTAL (texto no Livro de Actas)

4. RESULTS AND DISCUSSION (texto no Livro de Actas)
4.1. Water Imbibition Coefficient and Capacity

4.2. Degradation by salt crystallization

4. CONCLUSIONS (texto no Livro de Actas)

ACKNOWLEDGMENTS: Alexandre Pais of Museu Nacional do Azulejo for the tentative
dating of the tiles. José Delgado Rodrigues of LNEC for the enlightening discussions and revision
of the manuscript. Vénia Brito also of LNEC for her assistance with the profilometer scannings.
Silvia R. M. Pereira acknowledges her PEPAC grant.

This research was financed by the LNEC Civil Planned Research Program within the Project
0205/11/17684 (Conservation of historic azulejos).

5. REFERENCES

[1] MIMOSO, J. M., Pereira, S. R. M. and Silva, A. S., A research on manufacturing defects and
decay by glaze loss in historical Portuguese Azulejos, LNEC report 24/2011, 2011.

[2] Pique F., Dei L. and Ferroni E., Aspects of the deliquescence of physicochemical calcium
nitrate and its implications for wall painting conservation, Studies in Conservation, vol. 37, no. 4,
2010, pp. 217-227.

[3] Angeli M. Multiscale study of stone decay by salt crystallization in porous networks, PhD
thesis, Université de Cergy-Pontoise, 2007.

[4] Nunes C. L. P, Methods for the artificial ageing of stone by salt crystallization for use in
investigation of stone conservation treatments, Master thesis, Instituto Superior Técnico, 2008.

[5] Cultrone, G. Influence of mineralogy and firing temperature on the porosity of bricks, Journal
of the European Ceramic Society, 24(3), 2004, pps 547-564.



[6] Flatt, R. J., Steiger, M., and Scherer, G. W., A commented translation of the paper by
C.W.Correns and W. Steinborn on crystallization pressure, Environmental Geology, 52(2), 2006,
187-203.

[7] Angeli, M. et al., Salt crystallization in pores: quantification and estimation of damage,
Environmental Geology, 52(2), 2007, pp.205-213.

[8] Rodriguez-Navarro, C. and Doehne, E., Salt weathering: influence of evaporation rate,
supersaturation and crystallization pattern, Earth Surface Processes and Landforms, 24(3), 1999,
191- 209.

[9] Segadaes, A. M., Carvalho, M. A. and Ferreira, H. C, Using phase diagrams to deal with
moisture expansion, Ceramics International, 29(8), 2003, 947-954.

[10] PleSingerova, B., Klapa¢, M., and KovalCikova, M., Moisture expansion of porous biscuit
bodies- reason of glaze cracking, Ceramics, 46(2), 2002, 159-165.

[11] Menezes, R. R., Campos, L. F., Neves, G. A and Ferreira, H. C, Aspectos fundamentais da
expansdo por umidade: uma revisdo Parte I: Aspectos historicos , causas e correlagées,
Ceramica, vol. 52, 2006.

[12] Menezes, R. R., Campos, L. F., Neves, G. A and Ferreira, H. C, Aspectos fundamentais da
expansdo por umidade: revisdo Parte Il: Cinética de expansdo e sua determinagdo, Ceramica,
52,2006, 114-124.

[13] Mimoso J M and Esteves L, Vocabulario ilustrado da degradagédo dos azulejos historicos,
Patologia e Reabilitagdo das Construgdes, ITPRC, LNEC, 2011.

[14] Pereira S. R. M., Silva A. S. and Mimoso J. M., Physical-chemical characterization of historic
Portuguese tiles, Report 23/2011-NPC/NMM, LNEC 2011.



