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Alteration of azurite into
paratacamite on wall paintings

O pigmento azurite foi largamente utilizado na pintura euro-

peia durante toda a Idade Média, o Renascimento, e poste-

riormente. A azurite foi usada para pintar os panos azuis das

pinturas murais do século XVI na Igreja de Santo Alexandre

em Lasnigo (Como, norte de Italia). A decoracdo do arco do

coro, pintado por mestre Jeronimus em 1547, revelou uma

irregular alteracdo verde. Andlises ndo destrutivas (espectro-

grafia Raman in situ) e micro destrutivas (microscépio 6ptico

e de electrdes, microanélises e raio-X) foram utilizadas para

entender a composicdo quimica e mineralégica dos compos-

tos verdes.

INTRODUCTION

The pigment azurite was largely
used in European painting during
all the Middle Ages, the Renaissance
and later [1].

Azurite was used to paint the blue
drapes on the 16" century wall pain-
tings in the St. Alessandro Church at
Lasnigo (Como, North Italy).

The pigments have been completely
lost on the Crucifixion scene on the
east wall of the presbytery painted
in 1513 by Andrea De Passeri; traces
are still present inside the direct
incisions. White veils due to sul-
phates covered the azurite on the Re
Magi scene on the north wall of the
presbytery painted by Magister Jero-
nimus in 1547; the pigment is unal-
tered. The decoration of the chancel
arch painted by the latter master in
1547 revealed an irregular alteration
green in colour (fig. 1).

It is well known that azurite can
transform into malachite when the
humidity is high and in alkaline
conditions and into basic copper
chlorides (atacamite, paratacamite,
clinoatacamite) when solutions con-
taining chlorine ions are present.

Y A
Fig. 1 - St. Alessandro church in Lasnigo (Como,
north Italy), south part of the chancel arch. The
blue drapes show an irregular and inhomogeneous
alteration of azurite

Non destructive (in situ Raman
Spectroscopy) and micro destructive
analysis (optical and electron micro-
scopy on cross sections, microanaly-
sis and X-Ray Diffraction) have been
carried out for understanding the
chemical and mineralogical compo-
sition of the green compounds.
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ANALYTICAL EVIDENCES

The pigment azurite, mixed with a
proteinaceous binder, was applied
on a support layer obtained using
red earth (hematite) and charcoal
black (morellone) [2].

Optical microscopy on cross sec-
tions shows that the original blue
pigment has completely turned into
a green one, except for a few grains
still blue (fig. 2).

Microanalysis on cross-sections sho-
wed the presence of Cl and Cu
as main elements: this was clearly
related to basic copper chloride mi-
nerals, not excluding the presence
of malachite and/or other copper
green.

In situ Raman spectrometry pointed out
the presence of clinoatacamite [3, 4].
The application of X-Ray Diffraction
on samples collected from the chan-
cel arch in St. Alessandro church
(Lasnigo) showed the presence of
paratacamite (fig. 3). Paratacamite is
also reported in experimental works
carried out on other Italian wall
paintings (Scrovegni Chapel, Padua;
the St Magno Cave in the Cathedral
of Anagni; the New Chapel of St.
Brizio Chapel at Orvieto’s Dome;
Cimabue wall paintings at Assisi).
In all this cases paratacamite is the
main phase detected, sometimes
associated with malachite, always
in traces [5]. The transformation of
azurite into paratacamite has been
also referred in Austrian churches.

DISCUSSION

AND CONCLUSIONS

All the case studies reported con-
firm that the alteration of azurite
into paratacamite is located on limi-
ted and inhomogeneous areas and
is due to solutions containing chlo-
rides. The origin of chlorides may
be related to different causes such as
the addition of CaCl, into the origi-
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Fig. 2 - Cross section under optical microscope
showing the complete transformation of azurite
into paratacamite except for a few grains

Fig. 4 - St. Alessandro church in Lasnigo (Como,
north Italy), south part of the chancel arch stri-
cken by the solar radiation from the window
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Fig. 3 - XRD of the green alteration product; paratacamite is the main mineralogical phase (red line) follo-
wed by gypsum (blue), smithsonite (green), calcite (pink), quartz (brown), azurite (orange)

nal and/or repair mortars to speed
up the hardening process [6]; as well
as the addition of alkaline products
into cementitious repair mortars [7]
and like products used in the past
restoration works for cleaning the
surfaces (diluite HCI or strongly
chlorinated water) [8].

A few cases refer the presence of
malachite; this could suggest that
malachite is an intermediate pro-
duct accompanying the final trans-
formation into paratacamite follow-
ing the replacement reaction pro-
posed by Sharkey J.B. and Lewin
S.Z.[9]:

The nucleation and growth of parata-
camite occurs under conditions of low
Cudl, concentration and it deposits
slowly; the replacement of CO.> in
malachite by Cl and the indirect pre-
cipitation by or on calcite in chloride
solution, all result in the production
of pure paratacamite when the CuCl
concentration is sufficiently small [9].
The microclimatic conditions seem
to play an important role; conside-
ring the surfaces where azurite is still
present at the St. Alessandro church
in Lasnigo, chlorine has been detected
both on the north wall of the pres-
bytery (unaltered azurite) and on the

2

Cu,(OH),CO, (malachite) + Cl + H,O = Cu,(OH),Cl (paratacamite) + HCO,

south part of the chancel arch (altered
azurite).

Paratacamite formed where water was
available - during the Seventy years of
the last century there was a seepage
from the roof along an important crack
- and evaporation processes active
probably influenced by the cyclic solar
radiation entering the church from the
window of the south wall (fig. 4).

The alteration of azurite into para-
tacamite on wall paintings may be
considered not an isolated case, pro-
bably due to an insufficient analytical
investigation. Bl

REFERENCIAS BIBLIOGRAFICAS

[1] Gettens R. J., Fitzhugh E. (1993). Azurite and
Blue Verditer in Artists” pigments, Vol. 2, Ashok
Roy Editor, UK.

[2] G. Cavallo, E. Dal Bianco and G. Luzzana (2008).
I dipinti murali cinquecenteschi della chiesa di
Sant’ Alessandro a Lasnigo: nuovi dati sui materiali
originali e le tecniche esecutive in Proceedings of the
conference COLORE 2007 held in Florence. Patron
Ed., Bologna.

[3] S. Bruni, V. Guglielmi (2005). La spettroscopia
Raman per lo studio delle opere d’arte. La chimica
e l'industria, 87.

[4] S. Bruni, V. Guglielmi (2007). Application of a
compact portable Raman Spectrometer for the field
analysis of pigments in works of art. Paper presented
at LACONA VI - 6" International Congress on Lasers
in the Conservation of artworks, Vienna 2005.

[5] Bianchetti P,, Santopadre P. (2004). Alterazione dei
pigmenti nei dipinti murali: la trasformazione del-
l'azzurrite in parata camite. Bollettino ICR, N. 8-9.
[6] Ashurst J. and N. (1989). Practical Building
Conservation, Vol. 3. Gower Technical Press.

[7] Torraca G. (1998). Tecnologia delle malte per
intonaci e della conservazione degli intonaci anti-
chi, in Diagnosi e progetto per la conservazione dei
materiali dell’architettura. Ed. De Luca, Roma.

[8] Giovannoni S. (2007). Private communication.
[9] Sharkey J.B., Lewin S.Z. (1971) Conditions gover-
ning the formation of atacamite and paratacamite.
The American Mineralogist, Vol. 56.

NOTA

Este artigo, que se publica em inglés, baseia-se
na comunicagdo apresentada na Conferéncia Inter-
nacional “Coulor 2008”, realizada em Evora entre 10
€12 de Julho de 2008. A traducéo esta disponivel em
www.gecorpa.pt.
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