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The restoration of cultural heritage objects canduglressed both by traditional
methods and by modern techniques, involving traegalinary studies and knowledge
of scientific methods. Many scientific discipliremtribute with their specific methods
of investigation, to the formation of a real imagethe “state of health” of different
objects, and in this context, to the preventiordedradation, curative or restoration,
analytical techniques can offer a special partidcipa in special studies. It is well
known that every technique can offer different sypleresults, but the use of more than
one method in the analytical process can offereoetésults. Also, every technique
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present advantages and disadvantages regardingngeesurements of the samples and
the obtained results. Herein there are describednesocases of ceramic objects
analytical characterization (materials often requigy the application of several
techniques for a correct characterization), and, time same time, presenting the
advantages and disadvantages of using these tagsiq

Introduction

The degradation of cultural heritage is the eftdalestructive agents, the result
of a succession of physicochemical processes thaduglly alters the shape, the
aesthetic of support materials to the stage thdtemdt impossible to use them as
testimonies of history of human civilization. Thestoration of cultural heritage objects
can be addressed both by traditional methods andhégern techniques, involving
transdisciplinary studies and knowledge of scientifethods.

Many scientific disciplines contribute with theirpexific methods of
investigation, to the formation of a real imagetbé “state of health” of different
objects, and in this context, to the preventionlefradation, for curative or restoration
approaches, analytical techniques can offer a appatrticipation in special studies. In
the last decades, most of the published studieshiavthe application of various
analytical techniques for obtaining relevant infation; in many cases, chemical
composition is the first necessary criterion.

Generally, for the preservation and restoratiorcwfural and historical value
materials and artifacts, a range of analytical méshare used to provide information
on:

» chemical composition/nature of the analyzed nm&erthis information can often be
used to elucidate their provenance;

» the state of degradation (on the surface anditarnal) of objects as a result of
exposure over a certain period to environmentatitams;

« the effect/effectiveness of conservation/restonastrategies during their application.

Each individual application requires a thorougtdgilevaluating the advantages
and disadvantages of each micro-destructive ordestructive method, and selecting
the appropriate ones for achieving the desiredltsestlihe criteria for choosing the
methods of investigation of the artifacts are: aimum sample volume; the sensitivity
of the method and quantitative results. Also, thayst be non-destructive, versatile,
precise and multi-elemental.

For ceramic materials, the use of analytical meshm@sents a great importance:
they can offer information regarding the raw matsti human traditions and regional
history. Analytical methods can offer complex imf@tion when are used tandem
usually, methods based on ionizing radiation (X-Raifraction — XRD, X-Ray
Fluorescence — XRF, Particle Induced X Ray Emissid?IXE, etc.) can be used with
microscopical and spectrometric techniques (Ramarp®aman spectrometry, IR
spectrometry, Inductively coupled plasma mass spegtry — ICP-MS, etc.).

Advantages and disadvantages of the main classes of analytical techniques

Methods based on ionizing radiation are well esgghbd methods used for the
characterization of Cultural Heritage artifacts.e$@ techniques can be applied for
samples from different artifacts offering inforn@atiregarding phase identification and
quantification of crystalline compounds and compgetyphase mixtures, atomic and
molecular structure of phases, texture and oriemtabf crystalline phases, and
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microstructural physical state of the material rdgay the size of the crystallites. It can
also be used as a portable technique. One advanitaige method is that the size of the
sample required for the analysis can be extremmiglls— mnf or a few granules of
powder, and with some types of equipment, the amalyan be performed directly on
the surface of small and flat objects.

For the portable X-rays equipment has been devdlaggeat interest in the last
period, especially for the characterization of antiobjects. These types of equipment
are considered the most effective tools for a ssgfaéin situ non-destructive elemental
analysis. XRF technique is often applied for sushngation, elemental composition
being usually the first step towards the identifiwa of the materiafs A quantitative
analysis is rather hard to perform using this tgpequipment, due to the instrumental
limitations and particular properties of the analyanaterials; however, the qualitative
analysis is reliable, and in some cases, if cardlavith other techniques, can prove to
be sufficient. If for some type of artifacts (suahthe metallic ones), X-ray fluorescence
can prove to be very efficient for their charactatiorf, for other types (i.e. ceramic
artifacts), several limitation must be consideredt of all, the nature of the analyzed
material (low density, poor homogeneity, etc.) aafer misleading results, if the
technique is not adapted to the sample (for exaniplerder to gain more information
from heterogeneous samples, a mapping of the sammgpyebe achieved, using multiple
analysis points); more than that, the intrinsicrabeeristics of the technique (such as
limited penetration of the incident radiation) clrad to an over-estimation of the
elements found mainly in the surface layers. Thisxtremely important for the artifacts
with significant differences between the surfaced abulk composition. This
phenomenon can be overcome by sample treatmertt égigrinding, melting) or by
performing cross-section analysis. If these tydeseatments can not be applied, other
techniques should be used for reliable redults

Microscopic and associated techniques (such asn8garor Transmission
Electron Microscopy — SEM/TEM, Scanning ElectrorcMscopy coupled with Energy
Dispersive Spectroscopy — SEM-EDS, Electron Badksgag Diffraction — EBSD,
etc.) are useful techniques, often used in cultueakage studies for powdered and bulk
samples, combining high-resolution images with eetal chemical analysis. The
limitations of these techniques are regarding thraplexity of the structure and difficult
surface preparation. For example, EBSD techniqug require the polishing of the
analyzed object. For applying microscopical methadpod surface state is needed, in
order to obtain good information. By the applicataf EBSD to the analysis of ceramic
or vitreous materials, it can be defined the ctiyje@particles (otherwise impossible to
distinguish by other methods, such as XRD or SEMBEM bulk samples), particles
that can be related to the production technologgmFall the microscopic techniques,
EBSD can offer crystallographic information overwede enough area and phase-
identification that can be added to the chemidalrination of the ancient materfal

Spectroscopic methods are very useful in chaiaetesn ancient objects.
These methods can be used to characterize the sttmpoand structure of a wide
range of substances: organic and inorganic molecaee micro-destructive or even
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non-destructive when using non-contact instrumentaand some of the spectroscopic
equipment are portable.

From this category the most frequent and accesdidthnique is infrared
spectrometry. FTIR spectrometry is essential inrattarization of archaeological
artefacts. This approach was pioneered by Weinleo, wsed FTIR spectroscopy for the
analysis of archaeological sampleBor analysis of ceramic objects, FTIR spectrogcop
is used especially for offering information regaglithe manufacture of ceramics,
analyzing extremely small sample$he disadvantages of IR methods, are relatelaeto t
sensitivity to luminescence also in the NIR andligit absorption for colored and
opaque samplés

Methods based on inductively coupled plasma tegles are also methods used
frequently for the archaeological samples. Evas ihicro destructive, this method can
provide information regarding trace elements, & gphm level, with multi elemental
quantification with only one measurement. The disatiages of this methods usually
relate to the sample preparation, being a micrdraes/e method, and requiring
supplementary equipment for sample preparation. W methods are combined
with laser ablation (for example in instrumentslikaser Ablation Inductively Coupled
Plasma Mass Spectrometry — LA-ICP-MS), it can béerdeined elements with
concentrations in the range @bm minimizing visible damage on the ceramic samples,
using a laser beam with a certain diameter, lasergy and a pulse frequency.

From the spectroscopic methods using lasers, tber landuced breakdown
spectroscopy (LIBS) is the most important for caaantefacts. These methods can be
used to identify both the inorganic and organic ponents with high sensitivity and
reproducibility. LIBS represent a rapid techniqoapable ofin situ analyses, micro-
destructive (nanograms of material are ablated®.mbthod can analyze various objects
with high spatial resolution at the surface andépth, in air and at room temperature,
even they are heterogenous samples. LIBBS coupidother techniques (as Raman
spectroscopy) can offer information regarding dgi@émd provenanéeLaser-induced-
fluorescence (LIF) spectroscopy is a specific clakd$luorescence or luminescence
spectroscopy which use a monochromatic laser spurcepulsed or continuous
operation, as an excitation source. The fluoreseehaatural minerals is usually due to
intrinsic defects in their structure or trapped umpes. LIF can be used for the
characterization of different minerals which contains from transition metals or rare
element’

Thermo analytical methods has been developed inastedecades, offering
complex approaches for the study of cultural hgatabjects. From these techniques we
can mention differential scanning calorimetry (DSQhermogravimetry (TG),
thermomechanical analysis (TMA), dielectric anaysilynamic mechanical analysis
(DMA), and micro-thermal analysisu{TA). Especially for ceramic artifacts, these
techniques can offer information related to theilmnofacture procedures and
provenance of raw materials. Also, these technigaes able to present the
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characteristics and levels of pollution in the sunding environment in which are kept
the artefacts.

Casestudies

Methods based on ionizing radiation, like X-Ray frdiftion, X-Ray
fluorescence, PIXE, etc., can offer important infation regarding the major or trace
and rare earth elements through a complete the ratoggcal and chemical
characterization. The level of concentration oftaier elements can be considered a
“chemical fingerprint” of the ceramic sample. Thetetmination of the trace element
concentration is very useful to approach the originthe materials. Mineralogical
studies, often completed with the geological infation, can provide information
regarding the provenance of the raw materials, af as on the manufacturing
conditions (such as firing temperature for the wecaartifactsj*. For example, some
authors associated the presence of calcite wihgfiemperatures below 800-850 °C,
whereas the presence of gehlenite (formed at 900:85rom the reaction of calcite or
dolomite with the clay minerai§ would suggest appropriate firing temperatureseot
elements that can be used for the estimation ofitimg temperature (such as quartz
and illite) may remain stable up to almost 1006°°C

In the case of objects analyzed from Cuatrovitashaeological settlement
(Bollullos de la Mitacién, Seville, Spain), minevglcal analyses were performed with
XRD technique. The mineralogical composition of fiedd samples shows variable
content of calcite and quartz and minor feldspaud phyllosilicates, dividing samples
into two categories: samples with presence of higmperature minerals such as
diopside-anorthite-gehlenite and low contents ilcitmand samples with low contents
of calcite and without diopside and gehletitén the described case, the XRF analysis
was used to evaluate the calcium content of thancer paste. Two groups can be
differentiated in ceramic sherds: samples with H&gh (> 5.5%) and Mg (> 1%). The
analysis by micro-XRF on the surface of the ceramevealed some heterogeneity of
the samples, due, according to the cited authars,presence of paintings or
efflorescence. The results of the performed ansliysithis research paper revealed at
least, two different types of raw materials: thagth a high Ca and Mg and those with
low Ca and Mg content, also suggesting that theaibjraw material was from a
different area to the one where the objects weseostered.

These methods were successfully applied in the odghe vessels from a
pottery assemblage recovered in the excavationsluobed in 2008 at the site of
Kurganzol, the Hellenistic fortress in ancient B&tt. The conclusions of the cited
study were that most of the wares can be assoandtbd single clay source, while the
being identified two specific technological process The study suggests that the
fortress was mainly supplied by pottery producexlly.

A complex couple of methods was used in the cadslaric and post Islamic
ceramic recovered from the town of Santafémhe multi-analytical approach involved
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the application of optical microscopy (OM), powdand micro X-ray diffraction
(PXRD andpu-XRD), p-Raman spectroscopy and attenuated total refle€tamier
transform infrared spectroscopy (ATR FT-IR) for efetining the mineralogy and
petrography of the samples. Bulk chemical analsis obtained by XRF and ICP-MS,
while by SEM-EDS was obtained the microanalysigh&f ceramic paste and of the
decorative layers.

XRD results indicate that the mineralogical composi of the samples under
investigation is very similar. The presence otalimuscovite and mullite allowed the
authors to propose the temperature range 700-958s°@perating temperature for the
kilns of the town of Santarémp-XRD and SEM-EDS analysis of the decorations also
established the composition of the pigments: alicitwhite pigments, hematite in the
red, and magnetite and hematite in the black enam&®aman and ATR FTIR
spectroscopy identified a schorlitic iron-rich towaline which is present in several
ceramic samples from different fabric, chronologipariods and archaeological sites
indicate the same raw materials for all the samp&sSM-EDS microanalysis also
established an insignificant contribution of thelcoan to the bulk chemical
composition. Results indicated that the samplesverally produced, suggesting, a
continuity in the raw material exploitation durinige Islamic period and during the
Reconquista by Portuguese king, confirming thataalifrcation in the political power
did not correspond to a change in ceramic techryolog

XRD, XRF and Environmental Scanning Electron Micaysy, coupled with
Energy Dispersive X-ray system (ESEM-EDX) were ukedthe determination of the
morphological, chemical and mineralogical charasties of the potsherds from Aiani
western Macedonia (Greelg) The raw materials used to manufacture the ceramic
objects correlated to the specific utilization @ick vessel. The presence of different
minerals (like gehlenite or pyroxene) indicatedhaigfiring temperatures, while other
minerals (phyllosilicate) indicate lower temperatir

Conclusions

These are few examples of using analytical teclesdn the characterization of
ancient ceramic artefacts. It is well known thagmvtechnique can offer different types
of results, but the use of more than one methdbearanalytical process can offer better
results. Also, every technique present advantages disadvantages regarding the
measurements of the samples and the obtainedsedalhg these techniques coupled it
can be analyzed stages of the degradation protessiature of the products resulted
from degradation processes, and influence of differfactors on the structure and
morphology of the investigated samples, which deitees the degradation behavior.
Our present work represents, besides a short @weref the scientific basis of the
analytical investigations of historical artifacts) invitation and an encouragement for
trans-disciplinary studies, that can lead to arrease of knowledge in this very
important area.
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Aplicarea metodelor stiintifice pentru caracterizarea materialelor arheologice
Rezumat

Restaurarea obiectelor de patrimoniu cultural pfiaabordai atat prin metode
traditionale, catsi prin tehnici moderne, care impilicstudii transdisciplinaresi
cunoaterea metodelagtiintifice. Multe disciplinestiintifice contribuie cu metodele lor
specifice de investigare, la formarea unei imaggale a ,sirii de sinatate” a diferitelor
obiectesi, Tn acest context, prevenirii degéai, curativ sau pentru restaurare, tehnicile
analitice pot oferi participare spedcidla studiile de specialitate. Este bine cunoscut
faptul c fiecare tehnig poate oferi diferite tipuri de rezultate, dar igkea mai multor
metode in procesul analitic poate oferi rezultate lbune. De asemenea, fiecare tefnic
prezint avantajesi dezavantaje privind asutitorile probelorsi rezultatele obinute. Tn
prezenta lucrare sunt descrise cateva cazuri dectesizare analitic a obiectelor
ceramice (materiale care adesea sali@plicarea mai multor tehnici pentru o
caracterizare coregt si, In acelai timp, prezentand, de asemenea, avantajele
dezavantajele utiliii acestor tehnici.
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