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Vantaggi e svantaggi della tecnica FTIR per la individuazione di fasi mineralogiche della
famiglia degli amianti.

Procedure di preparazione di un campione per le analisi in XRF.

Analisi non distruttive per le indagini in un sito archeologico.

Software per 1’analisi mineralogica quantitativa di un campione di materiale vulcanico (tufo
zeolitizzato).

Le potenzialita dell’analisi colorimetrica nello studio dei Beni Culturali.

Procedure di separazione di una frazione argillosa mediante sedimentazione e
centrifugazione.

Utilita delle prove di invecchiamento artificiale in camere climatiche.

Software per I’identificazione qualitativa della composizione mineralogica di un campione.
Quali sono le potenzialita nel campo dei Beni Culturali delle analisi in DRX?

Differenza nelle procedure di preparazione del campione per analisi DRX qualitative e/o
quantitative.

Il DM 6/9/1994 nella caratterizzazione di un sito potenzialmente contaminato da materiali
contenenti amianto.

Utilizzo di diagrammi classificativi per la nomenclatura delle rocce lapidee.

PER ORDINE DEL PRESIDENTE
IL SEGRETARIO DELLA COMMISSIONE
F.TO dott. Pasquale PIROLLI
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3.3 Pigments

Colour is one of the most fascinating properties of matter, as testified by the
very eatly use of pigments in prehistoric patntings, the importance. of surface

decoration in artwork and everyday objects, and the wxdespread use of colou-

rants in ancient and modern-cosmetics. The physical origin of colour is:nested
in the absorption and interference phenoemena and it has been briefly treated
in Section.2.6 and Box 2.f. The. measurement of ‘colour is described in Box
3.e. Osganic dyes are treated in Section 3.7.5. It is worth reriarking on the
difference between pigments and dyes: pigmerts are finely divided insoluble
materials that 4ct ds colouring dgerits when dispersed in a medium such as
water as in watercolours, oil as.in oil paintings, or'a number of other organic
media (Gettens and Stout 1942). Dyes, on the other hand, are soluble organic
complexes that cannot be used ‘alone, rather they are used as colourants of
white or colourless- particles; such as clays. The substance made by the dyed
particles is called the lake,

The aralytical and conservation issues 1¢lated to inorganic pigments will
be reviewed here, the most fundamental and practical béing: (1) what is the
physico-chemical nature of the material?, (2) how is the. pigment tncluded or
bound in the-paint layer?, (3) s it in the original state or i$ it widergoing altera-
tion?, and (4) what 4re the Strategies to stop deterioration and to stabilize it?

Pigment-analysis is-a fundainental aid to art history, authentication, and con-
servation management. Of course.cplour has so many aesthetical, philosophi-
cal, and anthrepelogical implications that the materials science side is just a
starting point in the broader colour science (see for example Techni¢ no. 9-10
(1999) and no. 26 (2007)). The emphasis here will be confined to basic pig-
ment investigation and methods.

Pigment identification and. characterization

The- analytical techniques for-identification of ceystal phases described i the
volume are-mostly used to. answer the-first two diagnostic questions. Inorganic
pighents have -a definite chemical composition and ciystal structure, so that
they may be identified by chemical analysis (SEM-EDS, EPMA, XRFE, AAS,
OES, MS, LIBS), by diffraction (XRD, NI), and by molecular spectroscopy
(IR, RS).

XRD and Raman scattering (RS) are possibly the most used techaiques for
pigment identification, because of their sensitivity for ¢rystallographic struc-
ture types, molecular envirofment, and structural polymorphs, Both techniques
are so widely emiplayed that several experimental databases of refercnce com-
potinds dre available:(Bell et al. 1997, Hochleituer et al. 2003) foridentification
purposes. The analyses are generally performed: on microsamples. of pigment
material analysed in the laboratory. Raman scattering has the obvious advantige
that it can also be performedin sifu in totally non-invasive mode (Smith ez al.
2000, Smith 2006) though' SCIIOUS attempts are being made to make XRD por-
table too (Box. 2.1). Non-invasive in siti Investigation-of‘pigmerits is of course
a critical analytical issye, since any sampling or alteration of‘the sample during
the analysis compromises the nature and appearance-of tlie object. Furthermore,
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3.12 Structural clay products, ceramics

‘Modelling wet ¢lays into different shapes. was a very early human activity,

possibly developed indepeiidently several times. in prehistory. In a number of
European Palaeolithic caves the ancient designs are also traced into wet clays,
other than painted on the wills. The Frencli site of Tuc &’ Audoubert preserves
two moulded but unfired bison shapes (MacCurdy 1912). The earliést evi-
dence of terracotta figurines hardened by fire i§ the remarkable statuettes of
the Gravettian site of Dolni V&stonice, Czech Republic, including the famous
Venus (Vandiver ef al. 1989). At this sits well-modelléd shapes of animals
and humany were. expressly inserted in the fire when still wet, possibly- to
produce-an explosive tribute to the.gads (Soffer.et al. 1993). Thermolumines-
cence dating of these samples produced dates close to 30ky BC (Zimmermar
and Hurxtable 1971). Another very early figurine dated to about.17ky BC has
been found in 4 rescué operation at Maina, Russia (Vandiver and Vasil’ev
2002). Although very fragmentary, this evidence shows that the Late Palaco-
lithic humans Iccog_riized that wet clay was plastic,.if could be-shaped, and it
retained its- form when dried or fired. The basic properties of clay materials
were this already known.

The earliest evidences of the use of fired pottery made of earth matéri-
als for everyddy tools are in China {Yuchanyan and Miaoyan sites, dated
to 14.5-13.8%ky BC: Zhao and Wu 2000), J apin (Inicipient Jomon period,
dated to 'abo._ut 14.5-13.5ky BC; Habu 2004), Russian Far East ('Amur River
Basin, dated to 14.1-12.8 ky BC: Kuzmin 2006) and Siberia (Ust-Karenga
12 site, dated to 12.5-10.5ky BC; Kuzmin and Vetrov 2007). Given the
chronology uncertainties, it appears that fired ceramics appeared almost
simultanedusly in several places in Eastern Asia at about 14000y BC.

The-appearancé of pottery vessels that were used to contain dnd store food is
generally associated in Europe and the Near and Middle East to the Neolithic
changes, invo'lving. the adoption of food production vs collection, and living
in permarient settlements vs. temporary camps. Although there is no evidence
of strict causal relationship between the rise of agriculture, the settlement into
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silica-based materials treated. at high temperature, commonly composed of a
glass matrix and several crystalline phases, they are mostly used for surface
finishing and impermeabilization; frits are intermediate higlily heterogerieons
glass-materials produced by meltirig and air-quénchirig, they are commonly re-
ground and used as base.materials to produce gtazes and glass.

Slips and erigobes are particular types of clay-rich coatings generally applied
directly on the surface of the ceramic. body or in-between the body and the
true-glaze: layér. Their application is meant o enhance surface adhesion, hide
defects, and improve colour-saturation effects from the pigiments snibedded in
the glaze. Red slip‘s are generally made out of fine Fe-rich clays, whereas white
slips are made of kaolinite-rich clays. Slips and engobes alone. ] unprove the.
aestheticquality of the object, but they do not affect the: permeabﬂuy

3.1.2.4 * Characterization methods and interpretation
The investigations of archaeological ceramics tend to answer pu'm'arﬂy the
three basic questions of archacometry: how; when; andwheie wds the material

produced? Once this;starting information is safely obtained, more far reaching
inferences may be deduced (Kingery 1981).

How?

The firing processes can be recanstructed from the characteristics of the firal
product. For example, if the surface is vitrified 'or glazed, teiperatures above
900°C.must have been achieved. High temperature minerals in the ceramic
matrix (gehlenite, cristobalite, nuillite, anorthite) are also, indicative of the
maximum temperature of fifing. The original temperature can also be assessed
by re-héating the ceramic fragments under controlled conditions, and by moni-
toring the triggering of mineralogical or microstructural chariges (Kingery and
Frierman 1974).

The use of combined mineralogical and petrographical taols: is esseritial
in the characterization- of ceramic bodiés. A commion sequence of analysis
includes (a) the mineralogical and pefrographical analysis by optical micros-
copy in a thin section,. (b) the mineral phase identification by X-ray powder
diffraction, (c) chemical analysis (by XRF, NAA, AAS, OES, etc.); (d) chemi-
cal mapping (by EPMA, SEM-EDS, ete.) dud (e) the ase of spectroscopic taols
to evaluate the valence state of oxidizing cations (mainly Fe by Mossbauer
Spectroscopy).

The optical microscopical analysis on a thin section of the materjals allows
one to directly evaluate the main phases present in the temper, the approximate.
filler'to matrix ratio, and the overall texture of the ceramic body. The-microtex-
tural and petrographic analysis of the matérial is the starting point for ail sib-
sequent analyses (Kingery 1987, Middleton and Freestorie 1991, Philpotts and
Wilson 1994). The next step is to identify the mineral phases presént-as temper;
as.newly formed phases in the matrix, or as’reaction phases at the matrix—grain.
boundary, The krnowledge of the phases and .of their crystal chemistry is essen-
tial to interpret the firing process on the basis of the mineral reactions and of
the known phase diagrams (Heimann 1989, Riccardi et af. 1999). Most of the
temper phases can be readily identified in thin section, bt the newly formed
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