Muclear Instruments and Methods in’ Physics Research A322 (1992) 583 590

Morth-Holland

RESEARCH

The usc of a mercuric iodide detector for X-ray fluorescence analysis
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For about two decedes, energy dispersive Xeray Muerescence (EDXRF) hus been employed in Rome for the analysis of works of
#rl. A short history of the applications of EDXRF to paintings and alloys is presented. Finally, the usefuiness of mercuric iodide

room-temperature semicondoctor detectors in this ficld is shown,

1. Introduction

In the ficld of works of art there is a great need for
nondestructive analytical techniyuwes, and in particular
for portable instruments for in situ analysis. Energy
dispersive X-ray fluorescence (EDXRF) induced by
photons is an ideal technique for the analysis of paint-
ing composition, because it is a surface analysis, com-
pletely nondestructive, multiclemental, simple and rej-
atively cheap. EDXRF can be also used for the analy-
sis of alloys, when the surface is clean or where it can
be cleaned at the site of analysis. In the case of
paintings the analysis involves a thickness of hundreds
of micrometers to millimeters, depending on the en-
crgy of the incident radiation and on the compuosition
of the irradiated surface. Using photon sources of
different energics, different colour Jayers can be ana-
Iyzed.

Anzlysis of major elements in painlings can give
important information like the identification of the
painter through the colours he used as determined by
the analyzed elements, and the ilentification of previ-
ous restoration areas or even of fakes; colours made up
of litapium, chromivm, zine and barium can, for exam-
ple. be dated.

In the field of alloys, the situation is much more
complicated. Tn this case, the penciration of the inci-
dent and secondary radiation is of the order of mi-
crometers 1o tens of micromelcrs. The analysis is
therefore relatcd Lo the surface, and 211 phenomena of
surface enrichment or patina will completely alicr the
composilion at the surface with respect o the mean
composition of the alloy, and will therefore give wrong
results. Tn the case of bronzes, brasses and sibver,
where the surface could be nonrepresentative of the
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whole sample, the surface should be, if possible, care-
fully cleaned in the analyzed arca, which can be of the
order of 1 mm®, On the contrary, in the case of gold
alloys, the surface is, in peneral, representative of the
volume composition of the sample.

Analysis of alloys of all types can be very useful for
studics of connections between compusition and epoch
of manufacturing, gengraphical location and, if troce
elemenits could be detected, origin of the raw material,

A rench program was started in 1971 as a coopera-
lian between the Institute of Physies of the Faculty of
Engineering (at present Depariment of Energetics) of
the University of Rome “La Sapicnza™ and the Central
Restoration Institute of Rome (ICR), in onder to ex-
plore the potential of the EDXRF technique in the
field of works of uri. The program included analysis of
paintings and alloys at the 1CR, and analysis of bronzes
and gold alloys in museums and bronze doors around
[taly with & portable instrument.

1. Experimental sctup and results

When the program “EDXRF in archacometry' was
started, in 1971, the “laboratory” apparatus for
EDXRF analysis was characterized by (fig. 1)

- radivactive sources like H and "Pm brems-
sirahlung sources, *™Pu (12-18 keV), *'Am (50.6
ke'V} X- and gamma ray sources;

- a (Xe-+ 5% CH,) gas proportional counter. with
about 18% energy resolution at & kev;

= & 400 channels pulse-height analyeer,

In the porteble version, the multichannel analyser
was substituted with a modified single channel ana-
lyzer, with four prefised and precalibrated windows,

V. APPLICATIONS
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Fig. 2. Portable EDXRF unit vsing radioneclides as excitation seerces, (A "'Pm sonrec; (B) Xe gas propattional counter, Top
Telt: bhock diagram of the unil (afier ref. (41

corresponding, in the analysis of bronzes, e Cu, Zn,
P and Sa, in the analysis of gold samples, to Cu, Au
and Ag (Mg, 2).

It is dmportant to nole, however, thal for the gas
propurtional X-ray detceiors, the energy resolution is
not adeguate, and in many coses a large overlap occurs
belween X-ray peaks (Gz. 1 bottom].

Several works of an were analvzed, st the UK, like:

Raffaclln Sanzip: Deposizione, Galleria Borghese,

Rome (1507) [1] and Etruscan, Gireck and Roman

bronzes [2],

Ghibern: door of the Baiustero called “del Par

adisn™, Florence 1425-1452.

Results concerning boonzes could be summarized m
the tollowing mannéer;

Etrvscan brnumees are typreallv dwo componcnts al-

lows, characteriecd by aboul §85-%0% Cu and 10 13%

5n; only traces of Fb are proscnt.

- Greck and old Roman bromzes (approximately we)
arg iypically threc components allovs, comuining
alga between 2% and 10% Pb;

Oriental bronzes contain alse percent concentration

ol As and Sb.

In the same perod, in cooperation with the German
archacological Instilute of Rome, o large nomber of
Ewusean gold alloys of the Tth century sc were ana-
lyecd [41, with the portable instrument described above,
at the Valican and at the Villa Ciiuha Museum in
Rome, and st the Mational Museowm of Targquina,

LCtrusean gold alloys are charscierized, besides Au,
by (fig. 3k
= 2=35% Ag;
= 2=4% Cu,

With the imtroduction of cooled Si(LD X-ray detee-
tors, the analysis of paintings could be improwed, be-
cause of e much better enerey resolution of those

Fig. 1. Ton: Experimental sctup (ur the analviis of pambings by means of GOXEF-analysis in 1972, (1) Messuring head (Xe-gat

propariionsl counter); (2] preamplifier, (3) saeond messuiing head for excitalion of heavy clements, using Nz)TIF detector: (4)

;m]:lli'_'.'in.-l: {{J. muliiehannel 'J.-LI‘I[? rer (atter rel. El!]. Bottom: Typical EDDXRF spectrom of an arca of the pu,in[q';;[. “Denesingne” [:3,.
Rartecllo, collected with the gus proportiona] emiater, showing the panial overlup belween the peaks (after rell 1))
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Fig 3 Distribation af Tik centusy wie Etruscan gold objects verses Ag and Cu concentrston,

detectors. By using # SilLikdetedor, during 1972 were
anehlyzed:
= Lorenso Lotto; Giwdizie di 5. Luda, Muses Chvico

oi Josd, 15231532 [3];

- A fragment of an Etroscan “pettorale” from the

Walters Art Grallery of Baltimore,

A typical result of the EDXRF analysis on & partic-
wlar of the Lotio’s painting during the restoration
proces i shown in fig. 4,

Al the beginning of the 1980s, new tochrologics]
progresaes mmproved Lhia fizld: the HpGe detectors and
the multichannel cards for PCs amd the portable X-ray
tubes for excitation of X-ray fluorescence [6,7). Con-
cemimg the last point, It should be observed that the
wee of the M-ray wbe, with or without absorbers or
sacondary fargets, allows the irradietlon of very small
arcas (iypically 0.1 = 001 men).

A multidisciplinary group was constiluted &t that
time, mm.m:l Iy physiciis, cherdisg and anl histon-
ans for performing a syetematic research work on an-
cicrl painlings, in pariicular of Caravagglo and his
school, devoted to the imlerconnectlons between ele-

mental anaksis of pigments and sematometric evalua-
tioms of optical parameters [8]
A systematic gudy an 18 paintings was performed,
in aitw, inchuding:
- Michelangebo: Holy Family, Galleria degh Uffizi,
Firenze, 1504,
- Raffaele:; La Fornarina, CGalleria dell’ Accademla,
Veneeia, 1520,
= Caravaggio: Boy with o basket of fruits, Galleria
Barghess, Hoame, 1953,
T'hgnmﬂm:m which was employed is shown in fg 5.
A wuccsssive mportant techmobogical imprisement
wag given by the introduction of the ronm-tempe rature
Hgl ; semiconductor detectors having an energy résalu-
tion comparable to that of the cooled S or Ge detee-
tors [9=-13]. The small dimensions of the measaring
head (fig. &) makes this detecsor ideal for in situ
analysis, either combined with a very small radiosciive
pouree, or wilth small pomable X-ray tobes. In fact,
recently, very small and hattery equipped M-ray tubcs
(=50 kY, 0.1 mA) have become avallable, which can
be wsed direetly, emploving the bremssirahfung radia-
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tion, or filtered, sclecting a small gap of encrgics, of Such cquipment can be used everywhere, alw in
with external, sccondary targets, monochromalizing the places in which no liguid nitrogen 15 available like
beanm, EXCAvVAtion areas,
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Fig. 4. Lorenzn Lotto’s “Giudizio di 5. Luecia”; detail of the mantle of the monk, in which the superimposition of three hyers of

paint was ohserved by EDXRFanalysds and relutive Xoray spectrs, The analyzed srea i indicated by an arrow (after ref (510, (A

HDXRF analysis before any cleaniog process: the presence of “modern” elements ke Ti and Zin ix evident; (BY, (€2 and (13 alicr
succemive cleanings, the spectrum (D) was supposed 1o be corresponding o the original pamr of L. Lotto.

V. APPLICATIONS
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Fig. 5. Experimoeaal sshep foe (ke gnalvis of paintings by EDXRF during the 1980, The selap is choracienzed by o porabie X-ray
b, by & Ge semiconductor detactor wik onerespnnding eleciponsss, amd o maslliclanne] Gard afver rell [T

Fig 6. Koom-temperature Hgls scmioondector deleclor, The delecior cam be partiallty cooded by the Pelier efTect o this case, a
second box of the ssime dunsasmooy ol the detector is mesdad
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Fig. 7. Eximple of FIXXRE analyse of yold objects. Two standand samples, oantainng 75% Aw and 25% Ag. and SO Au and 1143
Cu rezpectively have heen analyaed with a partially cooled Hgl, semicomductor detecton, A resoletion of about 250 eV al b kev

has heen measirel,

We plan o wse the Hgly-detector associated with polds with the Ltruscan ones [4] Xeray spoctra of o
sealed-off radicisotopic surces, for systematic analysis standand gold objects, unalyeed with a Hgls detector
ol ancicil gold objects from Mexico anid Tatin Amer- and with z SiLi) detector are shown i fig 7.
fea, in order o compare the gold composition of thesce
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