SUPERCONDUCTOR SCIENCE AND TECHNOLOGY

PII: S0953-2048(04)76316-2

INSTITUTE OF PHYSICS PUBLISHING

Supercond. Sci. Technol. 17 (2004) L25-L.26

RAPID COMMUNICATION
The magnetic imaging of oil paintings

P Costa Ribeiro', H Lins de Barros?, J C Portinari’, C S Wolff',
S M Kafensztok!, H R Carvalho', D Acosta-Avalos*, O G Symko’
and A C Bruno'

! Department of Physics, PUC-Rio, R. Marques de Sdo Vicente 225, 22453-900 Rio de
Janeiro, RJ, Brazil

2 CBPE, R. Xavier Sigaud 150, 22290-180 Rio de Janeiro, RJ, Brazil

3 Projeto Portinari, PUC-Rio, R. Marques de Sao Vicente 225, 22453-900 Rio de Janeiro, RJ,
Brazil

4 IP&D-UNIVAP, Av. Shihima Hifumi 2911, 12244-000 So José dos Campos, SP, Brazil

5 Department of Physics, University of Utah, 84112 UT, USA

E-mail: pcr@fis.puc-rio.br

Received 27 January 2004

Published 28 April 2004

Online at stacks.iop.org/SUST/17/L25
DOI: 10.1088/0953-2048/17/6/L01

Abstract

We propose a new technique for authentication of oil paintings, using a
scanning SQUID technique to measure its magnetic field. The paintings are
pre-magnetized in an homogeneous field of 100 G. It was observed that the
response depends on the ferromagnetic properties of each paint independent
of its colour. This shows that a magnetic image could be used as a magnetic

signature for authentication purposes.

Conservation of an artistic patrimony in paintings includes the
use of identification to assure authenticity in the recording of
source and date of a specific piece of art. From this point of
view, safe forms of authentication contribute to its preservation
and conservation, and even prevent forgery. A new technique
for authentication of some oil paintings is presented, based on
the acquisition of the magnetic image of the painting, using
a scanning SQUID (SSQUID) technique [1-3]. The use of
magnetic imaging techniques is justified in getting a record
because some of the minerals used to create the colour in oil
paints present ferro(i)magnetic properties [4].

We chose the SQUID technique because it is very
sensitive. Measurements in the SQUID magnetometer were
made without any external field, just in the local geomagnetic
field. To avoid any signals from past magnetization, a standard
protocol was adopted before the measurement: the painting
was magnetized in a homogeneous magnetic field of 100 G
parallel to the canvas plane. The sample was then placed
horizontally on a controlled mobile table and the measurements
were performed with the SSQUID technique. A standard
distance of 10 mm was used between the SQUID and the
sample. Magnetization measurements were performed using
a second order gradiometer with 15 mm diameter coils and
40 mm baseline coupled to the SQUID at 4.2 K.
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Different samples from oil colour manufacturer trade-
marks Grumbacher, Pébéo and Maimeri were measured. We
noticed that some of those oil colours are ferromagnetic. In the
case of magnetic colours, the magnetic field produced by the
paint depends on several variables, such as the paint thickness
and the method of application (spot, paintbrush, etc). However,
a pattern that looks like the field due to a magnetic dipole par-
allel to the plane of the sample was generally observed. Some
colours, especially those composed of iron oxide pigments, are
strongly ferromagnetic.

An experiment was performed to show that a magnetic
image could be the signature of a complex oil painting.
Three flower pictures were painted using a stencil technique.
The first one was painted with a colour known as Mars
Black (Grumbacher Pre-Tested® P-134). The second one
was painted with a blend of Mars Black and Ivory Black
(Grumbacher Pre-Tested® T-115). The last one was painted
just with Ivory Black. The three pictures are visually very
similar, as shown in figure 1. However, they produce totally
different magnetic images (figure 1, bottom). The first picture
produces two magnetic dipoles, one corresponding to the upper
leaves, and the other corresponding to the lower leaves. (The
second order gradiometer coil used is large compared to the
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Figure 1. Three similar flower pictures painted using a stencil
technique. (A): Stencil painted with Mars Black (top) and its
magnetic image (bottom). (B): Stencil painted with a blend of Mars
Black and Ivory Black (top) and its magnetic image (bottom).

(C): Stencil painted with Ivory Black (top) and its magnetic image
(bottom). Values on magnetic scale vary from —100 nT to 60 nT.

(This figure is in colour only in the electronic version)

leaves so they cannot be resolved individually.) The magnetic
dipole is less intense in the magnetic image of the second
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picture, due to the blending of different types of black oil
colours. The third picture shows no magnetic dipole, because
Ivory Black is not magnetic. (Paramagnetic contributions were
not considered here.) The maximum signal from the first
sample is 5.9 nT, with a standard deviation of 0.2 nT, and
the minimum value is —5.1 nT with a standard deviation of
0.4 nT. These results show that the magnetic image of similar
visual paintings is different for each type of paint.

In conclusion, the results obtained here allow us to propose
that magnetic imaging can be used as an authentication test and
record for oil paintings.
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