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With the non-destructive nature of portable X-ray fluorescence (pXRF) spectrometry and the development 

of laboratory SEM-based micro-XRF systems, this study aims to compare the quantification results of the 

two techniques [1]. Being that quantification of Cu based alloys XRF have been well published and is an 

area of interest in cultural heritage since the late 1950s, six Cu based alloys National Bureau of Standards 

(NBS), now National Institute of Standards and Technology (NIST), standard reference materials (SRM) 

were selected for this study that have certified chemistries [2]. The six NBS SRMs were SRM 1102, SRM 

1104, SRM 1105, SRM 1107, SRM 1110, and SRM 1114 [3,4]. Though SRM 1102, SRM 1104, and SRM 

1105 are now archived, the certified chemistries are still easily obtainable [4]. The composition range of 

these SRMs allowed for the experimental assessment of Cu in the concentration range of 61.183 to 96.45 

mass%, and Zn in the concentration range 3.47 to 37.396 mass%. For pXRF, a Bruker Elio with a Rh 

source that collimates to forms an X-ray spot ≈ 1 mm was operated at 50 kV and 20 micro-amps. X-ray 

collection was performed in air for a time of 240 seconds. For micro-XRF, a Bruker XTrace (performed 

in vacuum in a Hitachi 3700N scanning electron microscope (SEM)) using a Rh source with a 

polycapillary optics to form an X-ray spot of ≈ 33 micron (Cu K), was operated at 50 kV and 600 micro-

amps. A Bruker 6|60 SDD was used in the collection of X-rays for 120 live seconds. Three measurements 

were performed for each sample for both pXRF and micro-XRF. For quantification, pXRF fundamental 

parameters (FP) approach was computed by the Bruker Elio 1.6.0.42 software and micro-XRF FP 

approach was computed using Bruker Esprit 2.1 [1].  Table I are the quantified results for the six NBS 

SRM Cu-based alloys in comparison with the certified actual values. Slightly larger standard deviation 

was observed for the micro-XRF measurements due to the microanalytical nature which is not unexpected, 

as SRMs are not microbeam standards. Figures 1A-D, are the computed FP quant from both pXRF and 

micro-XRF compared to the actual concentrations for Cu, Zn, Sn, and Pb. The data for Cu (Figure 1A) 

and Zn (Figure 1B) from both techniques are in linear agreement with the 1 to 1 line for concentration 

computed by FP quant compared to the actual concentration, providing a confidence in the bulk 

measurement. A difference in the detectability limit for Sn (Figure 1C) between pXRF and micro-XRF 

was observed. The computed FP quant was less than actual certified value of Pb for both techniques 

(Figure 1D). Interestingly, through comparison of the two techniques, this study also found that pXRF 

does appear to have sensitivity for Fe to as low as 0.043 mass% and Ni as low as 0.07 mass%; however, 

the computed FP quant is an over calculation. In pXRF an observed systematic Fe and Ni baseline signal 

at these low concentrations suggest the Fe and Ni are artifacts from the detector. The study will discuss 

these in greater detail. 
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Figure 1. Computed FP quant from both pXRF and micro-XRF (y-axes) compared to the actual 

concentration (x-axes) for (A) Cu (B) Zn (C) Sn (D) and Pb. 
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