
Some Informal Remarks on Our Museum's Experience 
with the Bruker Tracer 111-V XRF Analyzer. 

Robert H. Brill 
Research Scientist Emeritus 

The Corning Museum of Glass 

For some forty years or longer, I have watched the development of XRF as a method for 
analyzing historical glasses. I recall the days when the instruments were large and cumbersome to use 
and when we put our share of purple solarization spots on experimental melts we were working with. 

The major appeal of XRF from museological and archaeological points of view has always been 
that it can provide a non-sampling, non-destructive means for analyzing artifacts. Curators of glass 
collections especially like the idea that analyses might be performed in such a way that their objects 
would be in exactly the same state after the analysis is performed as it was before. Museum scientists 
looked forward to the day when we could analyze artifacts in the field, analyze the various glasses in 
stained glass windows in situ, and analyze intact glass objects in our collections without removing 
samples. And that day is now here -sort of. 

As it is with all methods of analysis, XRF had at the outset not only its advantages but also its 
limitations. Every analyst has their own personal list of such features, but there were four limitations in 
particular that always troubled us. They were: 

• First, the method had its difficulties with light elements. Sodium invariably posed a problem 
because it is almost always present in historical glasses either as a major or minor constituent 
that is useful for classifying glasses chemically. Furthermore, without knowing the soda 
content, one does not know how well the composition closes on 100.0%. A similar issue 
exists with boron, which has become an important constituent of glassware since the late 
19th century. 

• Second, there were what analysts used to call "matrix effects". The presence of certain 
elements interfered with the analysis of others. Lead was the traditional villain. 

• Third, applied as a non-sampling, non-invasive method, XRF yielded only a surface analysis. This 
was a distinct disadvantage when dealing with archaeological glasses which are often heavily 
weathered. The situation was not much better when dealing with glasses that are either 
crizzled or affected by incipient crizzling. 

• Finally, the method seemed sensitive to geometry; a curved surface of a vessel yielded different 
results than a flat one. It is surprising how difficult it can be to find a truly flat surface on 
some glass vessels. 

As time passed, and XRF instrumentation evolved and improved, analysts world-wide were able 
to correct some of these limitations and work around others. At our Museum, we often collaborated 
with analysts at Corning, Incorporated. We occasionally sought their help when we had specific 
questions that could be answered by either partial analyses or qualitative analyses. However, for 
routine quantitative work we stuck with qur "more conventional" and more invasive methods of 
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analysis. Because most of our research dealt with archaeological fragments, we were usually able to 
remove and sacrifice small samples for analysis. 

Despite the vast improvements in XRF instrumentation - and despite the fact that our curators 
wanted badly for us to analyze intact European and Arnerican vessels- we remained wary of placing 
weathered, crizzled, gilded, or painted glasses under a vacuum or of risking dehydrating them by 
subjecting them to dry atmospheres. 

Thus, we were delighted to learn about the Bruker Tracer 111-V portable instrument. Early in the 
year 2008, through the generosity of a friend of the Museum, we acquired one of those instruments. 
During the years that followed, we have devoted a substantial amount of effort to trial applications and 
to calibrating the instrument. Dr. Bruce Kaiser, Chief Scientist at Bruker AXS, has been extremely helpful 
to us throughout this learning period. (We might add that because of severe space restrictions that 
prevailed when we purchased the instrument, its small size and portability were major advantages.) 

To be candid, our results to date with the Tracer II I-V have been mixed. In effect, the same four 
limitations listed above still came into play in one way or another during most of our efforts to date. 

We obtained valuable and reliable results for the qualitative analyses of pigments on a number of 
Blaschka marine invertebrate glass models. Using the Museum's instrument, our colleague Gregory 
Merkel (a glass scientist at Corning, Incorporated) has obtained very impressive results in his study of 
various colored glasses made by Frederick Carder and Louis Comfort Tiffany. Dr. Merkel was able to 
perform semi-quantitative analyses of certain key elements. We were also able to answer crucial 
questions about an extremely important ancient Asian glass artifact by running a semi-quantitative 
analysis of the object. These applications- as well as several others - led to valuable contributions to 
our understanding of the history of glass. In all, we have so far analyzed about 210 glasses. 

However, until now, we have not had much success in performing quantitative analyses of glasses 
using this instrument. In an effort to "calibrate" the instrument, we have made use of as many as 84 
glasses of known compositions, and Dr. Kaiser has endeavored to construct separate algorithms for both 
lead-containing and non-lead glasses. The fact that we cannot obtain values for sodium continues to be 
a problem. Until other uncertainties can be worked out, we do not know if the frequent failure of our 
results to close on 100.0% is due to the presence of sodium (or, less likely, other light elements) or 
whether it is due to some systematic error in the analytical procedures or calibration. These problems 
will have to be solved if we are to be able to obtain reliable quantitative data. 

In summary, the Tracer 111-V instrument has proved to be a useful and convenient tool for 
qualitative analyses of some glass-related materials. It has also proved useful in certain situations where 
semi-quantitative results are sufficient for answering well-defined questions. However, the results to 
date have not yet met our requirements for routine (even if only partial) quantitative analyses of intact 
glass objects. Our efforts will continue as will our reliance on Dr. Kaiser's generous and enthusiastic 
assistance. 

I send my greetings to everyone attending the Cultural Heritage Sessions and wish all of you 
success in your research. 

Bob Brill 
July 26, 2010 
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