POLITECNICO DI TORINO
Repository ISTITUZIONALE

Strontium Functionalization of Biomaterials for Bone Tissue Engineering Purposes: A Biological Point of
View

Original

Strontium Functionalization of Biomaterials for Bone Tissue Engineering Purposes: A Biological Point of View / Borciani,
G., Ciapetti, G., Vitale Brovarone, C., Baldini, N.. - In: MATERIALS. - ISSN 1996-1944. - ELETTRONICO. - 15:5(2022),
p. 1724.[10.3390/mal15051724]

Availability:
This version is available at: 11583/2959156 since: 2022-03-22T20:50:24Z

Publisher:
MDPI

Published
DOI:10.3390/mal15051724

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

29 June 2026



Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

Assessment of hydrologic connectivity in

Atmospheric corrosion of outdoor bronze artefacts:  a:umauedwetand winnsar

observations

the case Study Of ‘Katarsis” by Magda|ena Fernando Jaramillo, lan Brown, Pascal

Castellazzi et al.

Aba ka nOW|CZ - Global demand for gold is another threat
for tropical forests
Nora L Alvarez-Berrios and T Mitchell Aide
To cite this article: Leila Es Sebar et al 2022 J. Phys.: Conf. Ser. 2204 012100
- Incident and reflected wave separation on
wave propagation over breakwater
| Magdalena and M F Atras

View the article online for updates and enhancements.

@ The Electrochemical Society
\ Advancing solid state lectrochemical science & technology

243rd ECS Meeting with SOFC-XVIII

More than 50 symposia are available!

Present your research and accelerate science

Boston, MA « May 28 — June 2, 2023

Learn more and submit!

This content was downloaded from IP address 93.71.205.204 on 21/10/2022 at 19:57


https://doi.org/10.1088/1742-6596/2204/1/012100
/article/10.1088/1748-9326/aa9d23
/article/10.1088/1748-9326/aa9d23
/article/10.1088/1748-9326/aa9d23
/article/10.1088/1748-9326/10/1/014006
/article/10.1088/1748-9326/10/1/014006
/article/10.1088/1742-6596/1751/1/012003
/article/10.1088/1742-6596/1751/1/012003
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjss9zqb6xamWJ8jjOBdVv2JF4plzz9etxr4yNkhHniAUUNA9VPt3YKgKQx5wHWQC9HuxJw4odMCz9t0TWJCqsrf_9SRH-mYMm69StU_Zg70Bc3YmIBS03bwdflSaTdPzclzL1TxUAR3cvhcfaUrbhwtGcZqRtDuLC-pK89h-ky8DpUO7FKm-uAMvtvZp9-p4Hysewh-N_LFYb8UiJHJ9_dbiKYQYNDJvMoXsLpD3CvUhFwsOIv2ydTwBoE4go20Bd4XBv5z63TpUiVxoClx4hc5zgdkQaXd8HJv04Zf3XUyq7Q&sai=AMfl-YQLQWfKgVfFbRW1GwudI84HsD04h3Gf6RkzDJsR66MVDzFoa_mhxiJ7tHrYvdnvtxhX0Woyjr_nQov1bOI5Tw&sig=Cg0ArKJSzJA8JsxTwkCR&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243Abstract

METROARCHAEO 2021 IOP Publishing
Journal of Physics: Conference Series 2204(2022) 012100  doi:10.1088/1742-6596/2204/1/012100

Atmospheric corrosion of outdoor bronze artefacts:
the case study of ‘Katarsis’, by Magdalena
Abakanowicz

Leila Es Sebar!, Leonardo Iannucci', Marco Parvis?, Sabrina
Grassini'! and Emma Angelini'

! Dipartimento di Scienza Applicata e Tecnologia, Politecnico di Torino, Corso Duca degli
Abruzzi 24, 10129, Turin, Italy

2 Dipartimento di Elettronica e Telecomunicazioni, Politecnico di Torino, Corso Duca degli
Abruzzi 24, 10129, Turin, Italy

E-mail: leila.essebar@polito.it

Abstract.

The conservation of cultural heritage metallic items is deeply connected to the investigation
of the corrosion phenomena affecting the metallic surface and to the study of the influence of
the surrounding environmental parameters. This paper describes the case study regarding the
metallic artwork ‘Katarsis’ of the Gori Art Collection at Fattoria di Celle (Pistoia, Italy), created
by the artist Magdalena Abakanowicz. An in-situ multi-analytical approach was employed in
order to assess the conservation state of the statues and to ensure their long-lasting preservation.
In particular, X-rays fluorescence (XRF), Raman spectroscopy (RS), and X-Rays diffraction
(XRD) were used for the identification of the corrosion products, mainly sulphates, and to
identify the employed alloy. In this paper, the preliminary results will be presented and
discussed.

1. Introduction

The investigation of the corrosion mechanisms that lead to the formation of corrosion patina
on bronze artworks surfaces exposed outdoor can provide useful information for the definition
of appropriate conservation plans. Indeed, it can help to identify the corrosion products and
also to investigate the influence of environmental parameters on the corrosion behaviour of the
artifact material, thus defining the overall conservation state and taking appropriate measures
for its long-lasting conservation [1, 2, 3].

This paper presents the characterization of the conservation state of a bronze artwork exposed
outdoor, which is part of the Gori Art Collection, situated in Fattoria di Celle, in Pistoia (Italy)
[4]. This collection was founded in Prato (Italy) in 1950 and then enriched in the following
decades thanks to the contributions of many international artists. Since 1970, the Gori Collection
was moved to the private garden of the Fattoria di Celle, a location large enough to host all the
artifacts. The overall artistic concept is to create a space where sculptures and multi-material
installations are directly connected to the surrounding environment, without any separation.
A previous study characterized three bronze statues belonging to the collection, highlighting
different corrosion morphologies related to different exposure to the environment [6]. Actually,
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Figure 1. ‘Katarsis’ by the artist Magdalena Abakanowicz.

various micro-climates can establish even on a single artifact due to changes in the rate of wet-dry
cycles. Because of this, it is of paramount importance to assess the conservation state of these
metallic artifacts using techniques available in-situ, so as to correlate the chemical composition
of the corrosion patina to the actual environmental conditions.

The present case study refers to the artwork ‘Katarsis’ by the artist Magdalena Abakanowicz.
The opera, which is composed of thirty-three bronze ‘figures’, was made in 1985 and installed
in the private garden of the Fattoria di Celle [5], with no protection from the environment.

Different analytical techniques, successfully employed for cultural heritage items investigation
[6], were employed to characterize the bronze items. In particular, X-Rays Fluorescence
Spectroscopy (XRF) was exploited for the identification of the elemental composition of the
constituent alloys. Furthermore, the identification of the corrosion products present on the
metallic surface was performed by means of Raman Spectroscopy (RS). Lastly, X-Rays diffraction
(XRD) was performed on some samples collected from some bronze figures.

In this paper, the preliminary results obtained on some of the elements of the ‘Katarsis’ are
reported.

2. Materials and methods

2.1. The bronze artwork: Katarsis’ by Magdalena Abakanowicz

‘Katarsis’, the artwork subject of this study, was made by the artist Magdalena Abakanovich
in 1985 and it is placed in an outdoor space, within the gardens of the Fattoria di Celle, in
Santomato (Pistoia, Italy). The artist lined up thirty-three bronze ‘figures’ in four rows. Seen
from the one side, the figures are the repetition of six models, while the view from the other side
highlights that each figure has been modelled individually [5]. In Fig. 1 it is possible to observe
a picture of the overall appearance of the ‘Katarsis’ and a detailed of the internal structure
of some figures. It is important to notice that the surface of each figure presents a different
distribution and appearance of the corrosion products. The measurements were performed on
some of the ‘figures’, as part of a wider monitoring project still in progress, and the preliminary
results are presented in this paper.

2.2. X-Ray Fluorescence

X-Rays Fluorescence Spectroscopy was employed to identify the chemical elements of the alloy.
The XRF spectra were collected using a Bruker Tracer 5i analyzer. The instrument is provided
with a Rhodium (Rh) anode and a 20 mm? silicon drift detector. Measurements were collected
in the following experimental conditions: 40 kV voltage, 20 uA current. In addition, the Cu-
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Ti-Al filter and the 3 mm collimator were chosen. All data were processed through the Artax
Spectra (8.0.0.476) software to subtract the background and correct any elemental interference.

2.8. Raman spectroscopy and XRD measurements
The chemical and structural characterization of the corrosion products was carried out through
the coupled use of Raman Spectroscopy and X-Rays diffraction.

Raman spectra were collected in situ by means of the portable ‘i-Raman Plus’. This
instrument is equipped with a 532 nm excitation laser and BWS465-532S spectrometer, that
works in the range from 150 cm™! to 4200 cm™! (with a resolution of 7.3 ¢cm™!). The
measurements were performed using a laser power value of 6 mW and an integration time
of 30 s.

For the XRD analysis, some micro-samples were collected from the artefacts. The ‘PAN
analytical X’Pert PRO’ instrument was employed for the analysis. The measurements were
performed using a Ni-filtered CuK « radiation (Ko [A]:1.54060, Ko [A]:1.54443), a voltage of
40 kV, a current of 40 mA, a step size of 0.026° and a scan speed of 0.047746°/s. The patterns
were collected in the range from 10° and 90°. The acquired patterns were analysed by means of
the HighScore Plus software.

3. Results and discussion

XRF measurements allowed to identify the constituent elements of the alloy. In particular, the
following elements were identified: Cu, Zn, Sn, Fe, Se, Pb, Ni. As an example, Fig. 2 shows the
spectrum acquired on one of the bronze figures, while the main characteristic X-ray line energies
(keV) of the identified elements are reported in Table 1.

It is possible to describe the artworks constituent material as a lead-bronze alloy. The presence
of selenium can be explained considering the selenium corrosion-resistant coating, usually used
on modern bronze sculpture.

It is worth to notice that the peak at 20.216 KeV corresponds to characteristic Ko line of
rhodium and it is due to the anode material.

The application of RS on different points on the bronze figures allowed to identify the corrosion
products mainly as sulphates, in particular as brochantite. In Fig. 3 a collected spectrum

b
100000.00 = :
O s
5 =
‘ o] 7 ¥
Q |y = 3 [~
M f X 2 =
= [ = ~ @
10000.00 & 3 3
) L} M
Q Cllio) S
= X |z el
; 5 5
2
[ ) a’ X
100000 & S

Sn-L,

Counts

100,00

— —— Sn-Kp

— }—— PbL

1000

| M

0 5 10 15 20 25 30 35 40
Energy/KeV

Figure 2. XRF spectrum acquired on one of the ‘figures’ of the ‘Katarsis’.
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Table 1. Main characteristic X-ray line energies (keV) of the identified elements of the XRF
reported in Fig. 2.

Element Ka-lines Kp-lines La-lines Lg-lines

Cu 8.046 8.904

Zn 8.637 9.570

Fe 25.271 28.485

Se 11.224

Pb 10.551 12.614
Ni 7.480

Sn 25.271 28.485 3.444 3.663
Rh 20.216

of brochantite is reported, as an example, together with a reference spectrum of brochantite
(RRUFF ID: 060117) [7].

The nature of the corrosion products was confirmed also by XRD. Indeed, the collected
pattern, displayed in Fig. 4, shows the characteristic peaks of sulphates and confirmed the
presence of a mixture of brochantite (RRUFF ID: 100199, atacamite (RRUFF ID: 050098) and
quartz (RRUFF ID: 040031), which is probably due to external contamination.

brochantite

artifact

Intensity

250 500 750 1000 1250

Raman shift/cm’

Figure 3. Raman spectrum measured on one bronze figure and reference of brochantite.

4. Conclusions

In this paper, an in-situ investigation of the bronze sculptures constituting the artwork 'Katarsis’
by Abakanowicz is reported. In particular, thanks to this study, it was possible to characterize
the corrosion products present on the artifacts surfaces and to investigate the elemental
composition of the alloys. Moreover, the corrosion products were identified mainly as sulphates
and in particular, brochantite.
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Figure 4. XRD pattern of a corrosion product sample collected on the same area analized by
RS, whose spectrum is shown in Fig.3, and reference of brochantite, atacamite and quartz.
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