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Brick-Lime Mortars and Plasters of a Sixteenth

Century Ottoman Bath from Budapest, Hungary

F. Pintér, J. Weber, B. Bajnóczi, and M. Tóth

I have explained how plastering is executed in dry situations; now I shall give directions for
it, that it may be durable in those that are damp. [. . .] The wall is then to be plastered with
the potsherd mortar, made smooth, and then polished with the last coat.

Vitruvius (Ten books on architecture)

1 Introduction

There are two ways to obtain mortar and plaster binders that can harden under

water. Both procedures lead to similar products, i.e. compounds of Ca with Si, Al

and Fe, capable of binding water molecules in their solid structure.

1.1 The Pozzolanic Principle

The admixture of reactive siliceous compounds such as volcanic tuff or crushed

bricks, the so-called “pozzolanas”, to slaked lime produces hydrate compounds.
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Such mortars can not only be set under water, but are also water-resistant and

develop higher mechanical strength than air-hardened lime mortars. The ancient

Greeks and especially the Romans developed this technique to a high level, which

enabled them to construct aqueducts, bridges and bath buildings, and even to cast

large elements in a manner similar to the modern concrete technology. The use of

crushed or finely ground bricks, called Horasan in present day Turkey, or

cocciopesto in the Roman Empire, continued in Byzantine times, and survived

during the Ottoman Empire in the construction of several buildings, among which

thermal baths.

1.2 The Hydraulic Principle

At the end of the eighteenth century, a major change occurred in producing binders

with hydraulic properties. The calcination of limestone contaminated with clay

(natural hydraulic lime), or of marlstones (natural cements), produces Ca-silicate

and Ca-aluminate phases that can react with water, producing mortars with

increased mechanical strength and durability. From the second half of the nine-

teenth century onward, the development of this technology made possible the

production of modern Portland cements burned at high temperatures.

When impure limestone or marlstone containing silica and clay are burned at

temperatures between 800 and 900�C, the clay decomposes and reacts with the

lime, forming calcium silicates and aluminates. The maximum burning tem-

peratures for natural hydraulic limes and Roman cement is 1,250�C. Modern

Portland cement is produced from mixtures of limestone and clay burned in the

range of 1,400�C, a temperature at which sintering occurs and a clinker is

formed.

Between 1526 and 1686, part of the Hungarian Kingdom was occupied by the

Ottoman Empire. During this period, several buildings, among which thermal

baths, were constructed. One of the largest Ottoman baths in Budapest, the

Császár (Emperor) Bath (Fig. 1a) was built in 1574 by Sokollu Mustafa and

rebuilt several times during the last centuries. In recent years, a modern renova-

tion of the structure has begun, including aspects of art historical research aimed

at reconstructing the original Ottoman colouring of the interior of the building.

The archaeometric study of plasters and mortars represents part of this interdisci-

plinary cooperation. Ottoman brick-lime plasters and mortars of different colours

(white, pink, and red) were identified in the interior of the Bath (Fig. 1b). The

determination of their physical, mineralogical and microstructural characteristics

and the assessment of their pozzolanic and hydraulic properties are essential for

understanding the motives for using brick-lime mixtures as plasters and mortars

in this building. In this study we present some preliminary results of material

characterization carried out by polarizing and scanning electron microscopy, as

well as X-ray diffractometry (XRD).
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2 Results

2.1 Polarizing Microscopy

Microscopic analyses showed that in all three colour types the binder seems to be

microcrystalline calcite; however, with an atypical low birefringence, cloudy

structures, and dense texture around the brick fragments (Fig. 1c, d). The amount

of inert aggregates, i.e. sand, is very low; only some small quantities of quartz and

feldspar clasts were observed. Very fine-grained brick dust, together with larger

brick fragments up to 3–4 mm in diameter, represents the pozzolanic additive in the

samples. The admixed brick fragments are red to reddish brown in colour, with

identifiable mica, quartz, and feldspar grains. Some larger brick fragments exhibit

darker or lighter reaction rims (Fig. 1c, d). Partly zoned, fine-grained, binder-related

particles, the so-called “lime lumps” (Hughes et al. 2001), with irregularly low

birefringence were also observed in all samples. The reddish type plasters are

cracked perpendicularly to the surface, and cracks and pores are often filled with

secondary sparitic calcite (Fig. 1c, d).

a

c d

b

Fig. 1 (a) The Császár Bath in Budapest, Hungary. (b) Ottoman brick-lime plaster fragments in

the Császár Bath. (c) Microscopic image of white brick-lime mortar (+N). (d) Microscopic image

of pink (bottom) and red (upper part) brick-lime plaster (1N, width of image: 8 mm)
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2.2 X-Ray Diffractometry

Calcite, quartz, K-feldspar, plagioclase and phyllosilicates (sericite–illite, chlorite,

sometimes kaolinite) are the main phases of the plaster and mortar samples.

Hematite was mainly identified in pink and red material. Some samples contained

additional components, such as diopside, gypsum, aragonite and vaterite. After

dissolving the carbonate content of the samples with dilute hydrochloric acid, the

relative amount of silicates has increased, and the presence of an amorphous phase

can be assumed due to the elevated baseline of the XRD profile, between 15� and
30� 2y.

2.3 Scanning Electron Microscopy

The average chemical composition of the “limy” matrix (Fig. 2a) measured by

SEM–EDX is ca. 70–80% CaO and 20–30% SiO2. Most of the brick pebbles

exhibited Ca-enrichment in their outer zones. Around them, at the brick-lime

interface, compact zones of up to 0.1 mm thickness were observed, predominantly

Fig. 2 SEM–BSE images of a red plaster. (a) Brick fragments and Si-rich matrix. (b) Quartz

grains with clear Ca diffusion rims. (c) “Lime lump” with Si-rich core. (d) Ca- and Si-rich card-

house structure of the matrix
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composed of Ca with a slight amount of Si and Al. Monocrystalline quartz and

feldspar grains with typical Ca diffusion margins were also detected in the matrix

(Fig. 2b). Several “lime lumps” showed a typical zoned appearance: their outer rim

was rich in Ca, while their inner zones were rich in Si (Fig. 2c).

The SEM-SE observations carried out on broken surface samples showed that

the microstructure of the matrix consists of 1–5 mm long needles and plates;

sometimes, a so-called “card-house network” of probably amorphous calcium-

silicate-hydrate (CSH) phases could be observed (Fig. 2d).

3 Discussion and Conclusions

Based on the macroscopic and microscopic observations, the white and pinkish-

reddish plaster and mortar samples from the Ottoman Császár Bath in Budapest

seem to be brick-lime mixtures commonly used during Ottoman times for several

water-resistant building constructions (Baronia et al. 1997; B€oke et al. 2006).

Especially in the pinkish-reddish samples, high amounts of brick fragments and

dust can be found as pozzolanic additives. The Ca (i.e. calcium-carbonate) enrich-

ment of the matrix in the immediate surrounding of brick pebbles found in several

cases does not, however, clearly refer to the presence of abundant calcium-silicate-

hydrate (CSH) phases at the brick-matrix interfaces, which are typical for brick-

lime mortars (Baronia et al. 1997; B€oke et al. 2006; Moropoulou et al. 2002, etc.).

However, the microscopic appearance of the “micritic” groundmass suggests

that the binder was probably not composed exclusively of pure CaCO3. This optical

microscopic observation is supported by scanning electron microscopy analyses

showing relatively high (20–30%) and generally homogeneously distributed Si

content in the CaCO3 matrix, which may suggest a relatively good hydraulicity of

the materials. The large amount of amorphous material detected by XRD can be

derived from the brick aggregates (B€oke et al. 2006), but may also refer to the

presence of amorphous CSH phases in the matrix. The latter hypothesis can also be

supported by the card-house and irregular needle-like structure of the binding

material; these structures seem to be unusual for brick-lime plasters and mortars,

but were found in nineteenth century natural (Roman) cements (Weber 2007).

Quartz and K-feldspar grains with a Ca-rich rim show inward diffusion of

calcium; this phenomenon was also identified in natural cements (Weber et al.

2007), and may refer to the presence of silicate impurities that react with the calcite

in the raw material during the lime burning process. The presence of zoned “lime

lumps” that contain a certain amount of Si (plus minor quantities of Al and Mg) in

their cores also suggests a lime with hydraulic properties, most probably originating

from the calcination of impure limestone (Elsen et al. 2004; Zamba et al. 2007).

Preliminary results suggest that the Ottoman mortars and plasters of the Császár

Bath may have received their good hydraulic properties not only due to the partly

pozzolanic brick additives, but additionally through the formation of new phases

with hydraulic properties during the firing of the impure carbonate raw material.
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Such potential raw materials (i.e. clayey limestones and marlstones) are widespread

on the Buda Hills in the vicinity of the Császár Bath (Wein 1977). Similar brick-

lime mortars made from marly limestones or limestone–clay mixtures were found

by Moropoulou et al. (2002) in Hagia Sophia (Istanbul).

The precipitation of secondary coarse calcite in cracks and voids, as well as the

presence of aragonite in the mortars and plasters, can be explained by the flow of

thermal water containing a high amount of dissolved carbonates (Leél-Őssy 1995).

Further studies are planned, with the purpose of delineating the effects of thermal

waters on the brick-lime materials of the Bath.
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Wein GY (1977) A Budai-hegység tektonikája (Tectonics of the Buda Mountains). Special

publication of the Geological Institute of Hungary. p 76

Zamba IC, Stamatakis MG, Cooper FA, Themelis PG, Zambas CG (2007) Characterization of

mortars used for the construction of Saithidai Heroon Podium (1st century AD) in ancient

Messene, Peloponnesus, Greece. Mater Charact 58:1229–1239

298 F. Pintér et al.

View publication stats

https://www.researchgate.net/publication/301188732
AdG
Texte surligné 


	Brick-Lime Mortars and Plasters of a Sixteenth Century Ottoman Bath from Budapest, Hungary
	1 Introduction
	1.1 The Pozzolanic Principle
	1.2 The Hydraulic Principle

	2 Results
	2.1 Polarizing Microscopy
	2.2 X-Ray Diffractometry
	2.3 Scanning Electron Microscopy

	3 Discussion and Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




