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ABSTRACT 
 
A handmade system of Energy Dispersive X-Ray Fluorescence (ED-XRF) was used to perform the analysis of 
some jewels of the XIX century, as napkin holder, tobaco case, cigarette case, pen, pendant shrines, bracelets 
and a crucifix from the collection of the Museu Histórico Nacional do Rio de Janeiro (MHN), Brazil. It was 
possible to verify the presence of Cu, Au and Ag as macro elements of the alloys, besides Hg as contaminant for 
one silver piece. Some gold and silver coins with  well-known concentrations of gold and silver were also 
analysed, as reference material, to check out the methodology. To determine the concentrations of the metals, a 
methodology based on the equation of the fundamental parameters was used. For the jewels with silver aspect, it 
was possible to determine in average 90.4% of Ag for the napkin holder and 46.6% of Ag for one the bracelets, 
this last one presented also a high concentration of copper. For the jewels with golden aspect, it was possible to 
determine, in average, 88.6% to 98.9% for the Au content . For one special piece it was observed 62.5% of Au 
and 37.5% of Cu. For the coins, the obtained values showed a deviation of 0.4 and 7.6 percent for the average 
concentration of  noble metals Ag and Au, respectively. The portable X-ray system showed to be a powerful tool 
in the investigation of metallic alloys with high concentration of major elements, allowing in situ measurements. 
 
 

1. INTRODUCTION 
 
Nowadays, portable equipments allow the accomplishment of analyses in the most different 
in situ configurations. Different experimental setups have been used to accomplish analysis in 
specific situations as large sculptures, afrescos, paintings, etc... [1,2] to characterize the 
metallic alloys as well as pigments. 
 
These systems showed to be very interesting and suitable for the analysis on goods of cultural  
heritage because there is no need to destroy a part of the sample to carried out the analysis, 
preserving the physical integrity of the goods. 
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A portable handmade system of Energy Dispersive X-Ray Fluorescence (ED-XRF) is 
presented [3], PXRF-LFNA-02 (Applied Nuclear Physics Laboratory of the State University 
of Londrina) which was used to perform the analysis of some jewels from the collection of 
the Museu Histórico Nacional do Rio de Janeiro (MHN) - Brazil. 
 
The measurements were carried out in the Numismatic Department of MHN and the jewels of 
the XIX century had been analyzed to verify the presence of noble metals in the jewels 
alloys. It was possible to verify the presence of Cu, Au and Ag as macro elements of the 
alloys, besides Hg as contaminant for one silver piece. Six reference coins were also analysed 
to check out the methodology. 
 
 

2. MATERIALS AND METHOD 
 
The experimental set up was constituted by a low power X-rays tube (4W), a non cryogenic 
SI-PIN detector, XR-100CR Amptek (FWHM 265 eV for the 6.4 keV Fe line) a module of 
HV source and amplifier (PX2T Amptek), 8K compact multichannel analyzer (MCA 8000A 
Amptek) and a Notebook with PMCA/Amptek software for the acquisition of the spectra. 
The experimental conditions were 28 kV and 2 μA, with an excitation and detection time of 
1000 s, Figure 1 shows a picture of the system. 
  
 
 
 
 
 

 
 

 
 
 
 
 

Figure 1. Picture of Portable X-rays System (PXRF). 
 
The obtained spectra were analysed with the WinQXAS (Quantitative X-ray Analysis System 
for windows), a free access software supplied by IAEA (International Atomic Energy 
Agency) [4].  
 
Ten pieces with silver aspect and golden aspect were analyzed, among them one napkin 
holder, tobaco case, cigarette case, pen, pendant shrines, bracelets and a crucifix. The well 
defined mettalic alloy, analysed as reference sample, were: two silver coins (1824 and 1862) 
named as Ref. 1, two gold coins (1826 and 1828) named as Ref. 2, one brass coin (1869) 
named as Ref. 3, and one American Dollar. 
 
The quantitative analysis was accomplished applying the well-known formula of the 
fundamental parameters, equation 1, to all the identified elements, and the results scaled to 
the unit to obtain the relative values, based on the Millazo’s work [5]. 
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where: Si – Sensitivity = G.ε.Ki.ωi

G – geometric factor; 
ε  – intrinsic detector efficiency; 
Ki – product of fundamental atomic parameters (τ.ω.1-1/j.f); 
ωi – the relative concentration of the i element;  
χ − total mass absorption coefficient (μ0/senθ0+ μi/senθi), the subscript (0) refer to 

excitation energy, the subscript (i) to the characteristic X-ray energy and μ represent the 
massive photoeletric absorption coefficient.  
 
No pre-treatment is necessary do perform the analysis with the use of X-ray fluorescence 
technique when the jewels are kept in a correct way to avoid the patina formation, as it is the 
present case. When the patina formation exists due to action of the environment, it should be 
removed in a habitual way with products that preserve the physical integrity of the piece, just 
in the area where one wants to accomplish the measure. 
 

3. RESULTS 
 
Figures 2 and 3 show two characteristic spectra obtained for a golden bracelet and a reference 
golden coin, respectively. 
 
 

 
 

Figure2. Spectrum of a golden bracelet. 
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Figure3. Spectrum of a golden coin. 

 
To accomplish the quantitative calculations through Eq. 1 the elementary sensitivity, Si, was 
determined for each element through the measure of certified standards from MicroMatter 
and then scale the results to the unit. 
 

Table 1. Results obtained for the reference coins. The values are expressed in 
percentage (%) and the standard deviations are placed in parentheses. 

 
Ref. coin 1 Ref. coin 2 Ref. coin 3 American Dollar Elem

ents Ref. 
value PTXRF Ref. 

value PTXRF Ref. 
value PTXRF Ref. 

value PTXRF 

Ag 91.7 92.1(4.65) --- --- --- --- --- --- 
Au --- --- 91.7 98.7(0.19) --- --- --- --- 
Cu --- --- --- --- 95.0 93.1(0.12) 75.0 74.4(0.10) 
Ni --- --- --- --- --- --- 25.0 25.6(0.06) 

 
The results obtained in Table 1. show good agreement for the major elements that constitute 
de metallic alloys of the coins.  
 
For the jewels with silver aspect were determined values of 90.3% and 90.4% of Ag for the 
napkin holder and 39.1% and 54.1% of Ag for one bracelet. For the jewels with golden 
aspect, it was possible to determine values of individual measures in the range from 88.6% to 
99.6% percent for the Au content. For one special piece (a pendant shrine) it was determined 
average values of 62.5% of Au and 37.5% of Cu.  
 
All these results were obtained based on relative values without applying the matrix 
corrections effects in the Eq. 1. Through an appropriate procedure adjusted for the correction 
of the matrix effect, it could be possible to characterize the metallic alloy also in its minor 
components. 
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3. CONCLUSIONS 
 

This methodology with a portable system certified that the jewels were made with noble 
metals. Typical values about 90% of Au and Ag were found for some pieces, indicating their 
high quality alloy. Although this portable system does not have a high sensibility for minor 
elements in the metallic alloy, due its low power, we must however stress that the advantage 
of our portable system is the fact that "in situ" measurements can be carried out with a 
relatively high analytical quality and speed, without moving the object from the museum to 
the laboratory.  
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