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one or two binders
(lime, clay, gypsum, cement)

aggregates
(siliceous, dolomitic or calcareous sands)

water

additives
(ceramics, pozzolans, fibers, etc.) 

and occasionally painted layers

WhatWhatWhatWhat isisisis a a a a mortarmortarmortarmortar ????

A mortar is a composite material  made of :

Mortars are classified according to the type of binder used. 



• Evaluate their macro- and micro-structural properties

• Can give valuable information about a monuments history,
namely the techniques of construction, past interventions
and degradation processes

• The information is essential for the design of new
aesthetic and functional compatible mortars.

TheTheTheThe studystudystudystudy ofofofof oldoldoldold mortarsmortarsmortarsmortars
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Drying at 40 ºC
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ChemicalChemicalChemicalChemical analysisanalysisanalysisanalysis MORTARSMORTARSMORTARSMORTARS

� � � � Soluble salts (NO 3
-, Cl-, SO4

2-)

���� Elemental analysis 
(Si, Al, Fe, Na, K, Ca, Mg)

Soluble fraction

Biotite Ceramic fragments

Rose and green quartz

Quartz with mica

���� Aggregates composition and morphology
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Quartz (rolled)
Insoluble fraction
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XXXX----rayrayrayray diffractiondiffractiondiffractiondiffraction MORTARSMORTARSMORTARSMORTARS

Mineralogical composition
of crystalline fases



Mortars binder composition 
and CO2 content

Combined with chemical analysis
allows determination of the:

aggregates / binder ratio

TGA / DTATGA / DTATGA / DTATGA / DTA MORTARSMORTARSMORTARSMORTARS
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SEM / EDXSEM / EDXSEM / EDXSEM / EDX MORTARSMORTARSMORTARSMORTARS

Elemental analysis / composition



SEM / EDXSEM / EDXSEM / EDXSEM / EDX MORTARSMORTARSMORTARSMORTARS

Elemental analysis / composition

Aggregates and binder morphology

quartz mica
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paste

paste feldspar



SEM / EDXSEM / EDXSEM / EDXSEM / EDX MORTARSMORTARSMORTARSMORTARS

Elemental analysis / composition

Aggregates and binder morphology

Neoformation / degradation products

halite

gypsum

biological colonization carbon particle
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Aggregates nature, color and morphology

Spatial interrelations of mortar components

POLISHED SURFACES

OpticalOpticalOpticalOptical MicroscopyMicroscopyMicroscopyMicroscopy MORTARSMORTARSMORTARSMORTARS



THIN SECTIONS

OpticalOpticalOpticalOptical MicroscopyMicroscopyMicroscopyMicroscopy MORTARSMORTARSMORTARSMORTARS

Aggregates nature, color and morphology

Spatial interrelations of mortar components

aggregate / binder interfacial reactions
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CompressionCompressionCompressionCompression resistanceresistanceresistanceresistance MORTARSMORTARSMORTARSMORTARS

Mechanical resistance is correlated with the chemical composition of the mortars
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CharacterisationCharacterisationCharacterisationCharacterisation MethodologyMethodologyMethodologyMethodology PaintedPaintedPaintedPainted layerslayerslayerslayers

Sample preparation for characterisation

µµµµ−−−−XRD

Mineralogical
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Pigment identification

In-situ XRF

Elemental analysis
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SEM-EDX

Elemental analysis
Pigment morphology
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Layered structure
Color, texture

Pigment particle size

µµµµ−−−−chemical
analysis
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MicrochemicalMicrochemicalMicrochemicalMicrochemical analysisanalysisanalysisanalysis PaintedPaintedPaintedPainted layerslayerslayerslayers

White lead

Pigment identification
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final considerations



Binder

Aggregates

Additives

Mortars composition (binder/aggregates ratio)

State of conservation / degradation products

Physical properties

Insight on technical knowledge

MethodologyMethodologyMethodologyMethodology givesgivesgivesgives informationinformationinformationinformation aboutaboutaboutabout::::
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