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A wavelength dispersive spectrometer (WDS) was tested on the synchrotron x-ray 
fluorescence microprobe at Brookhaven National Laboratory. Compared to WDS spectra using an 
electron microprobe, the synchrotron WDS spectra have much better sensitivity and, due to the 
absence of bremsstrahlung radiation, lower backgrounds. The WDS spectrometer was 
successfully used to resolve REE L fluorescence spectra from standard glasses and transition 
metal K fluorescence spectra from kamacite. 

Introductlon: The synchrotron x-ray fluorescence (SXRF) microprobe [I-31 has proven to be a 
valuable tool for trace element cosmochemical and geochemical research permitting analyses 
down to the parts-per-million level for many elements with a spot size of less than 10 mm. Existing 
SXRF microprobes are using energy dispersive detectors (EDS), either Si(Li) or intrinsic Ge 
diodes. Such detectors have the advantage of collecting the entire fluorescence spectrum at 
once and can also be positioned to collect a relatively large solid angle. However, EDS detectors 
suffer from several significant problems: (1) energy resolution at Fe Ka is about 150 eV, roughly 
60 times the natural line width; (2) the maximum count rate is about 20,000 counts/second in the 
entire spectrum; (3) low-energy background due to scattering and incomplete charge collection in 
the device is significant. These limitations preclude trace element analyses in the presence of a 
major concentration of a high atomic number element: for example, trace elements studies zircon 
(ZrSiOq) and Cr and Ti analyses in minerals with more than a few percent Fe or Mn. The poor 
energy resolution also prevents the measurement of L-shell fluorescence from trace rare-earth 
elements in samples with significant concentrations of first-row transition elements. Wavelength 
dispersive spectrometers (WDS), based upon Bragg diffraction from a bent crystal, have several 
distinct advantages over EDS detectors. The resolution at Fe Ka is better than 10 eV, only 4 
times the natural line width. This resolution permits the analysis of rare-earth elements and also 
lowers the background thereby improving detection limits to the 0.1 pprn range. Also, the WDS 
spectrometer only detects a single energy at any time so it is possible to measure trace elements 
in the presence of intense fluorescence of a major element. 
Experimental: A model WDX-3PC wavelength dispersive spectrometer from Microspec 
Corporation (Fremnt, CA) equipped with LiF(220), LiF(200), PET and TAP analyzing crystals was 
used. Two proportional counters were included, a thin-window, argon-filled flow counter and a 
sealed xenon counter arranged in tandem geometry. A remotely adjustable slit (0-2.5 mm) just in 
front of the flow counter was used to control the trade-off between energy resolution and count 
rate. The spectrometer was temporarily installed for testing on beamline X-19C under the 
following conditions: white light, 25 pm beam size, 20 m from the source, 55 cm of air and 50 pm 
of Al in the incident beam, single bunch operations, 70 mA average ring current. A variety of 
standard samples were analyzed to determine sensitivities, peawbackgrounds, and other 
important perfomance benchmarks. 
Results: X-ray fluorescence spectra of Fe metal and Zn metal obtained with both the SXRF 
microprobe and the electron microprobe showed that the synchrotron spectra have much lower 
backgrounds due to the absence of bremsstrahlung radiation. Using a 0.25 mm exit slit rather 
than a Imm slit on the spectrometer reduced the count rate by a factor of 3 but improved the 
resolution by a factor of 2, from 21 to 11 eV (FWHM). High energy resolution is desirable in cases 
of very close spectral overlaps. 

Spectra for kamacite from IAB iron meteorites (Odessa and Canyon Diablo) are shown in 
figure 1. The upper spectrum was collected on X-26A with a Si(Li) detector, while the lower one 
was collected on X-19C with the WDS spectrometer. The WDS detector completely resolved Co 
and Cu K fluorescence peaks which suffer severe overlap in the Si(Li) spectrum. Galium and Ge 
are present in these samples at about 70 and 260 ppm, respectively. One of the most difficult 
sets of elements to analyse using the Si(Li) detector at X-26A are the rare-earth elements (REE). 
The difficutties arise from the large number of closely spaced L fluorescent lines (4 major lines per 
element), the fact that REE almost always occur together, and the overlaps with the K fluorescent 
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lines of the first-row transition elements. Figure 2 shows spectra of synthetic glasses doped with 
several REE. Note that in almost all cases the WDS detector has completely resolved the lines, 
while there are often severe overlap problems with the Si(Li) detector. These results suggest that 
the WDS detector will permit routine analysis of REE on the X-26A rnicroprobe. 

Spectra of a standard anorthite glass showed that the count rate at low energy (e.g., Ca at 
3.69 keV) was much lower using the WDS detector than it was on X-26A using the Si(Li) detector. 
Absorption along the longer air path in the incident beam at X-19C can partly but not entirely 
explain this difference. Other possible effects that are being investigated include absorption in 
the poorly-characterized Be entrance window on the spectrometer and decreased spectrometer 
efficiency at lower energy (higher Bragg angles). 
Future Directions: The WDX-3PC spectrometer will be installed permanently on the SXRF 
microprobe on beamline X-26A during Spring, 1993, and will be mounted such that the existing 
Si(Li) detector can be used simultaneously. This combination of detectors should greatly 
enhance the utility of the microprobe: the Si(Li) detector will be used for the "big picture" since it 
collects the entire spectrum at once, while the WDS spectrometer will be used to obtain maximum 
sensitivity for a particular element, and in cases where spectral overlaps exist. The experimental 
conditions at X-26A are much more favorable than those used for the tests reported here on 
beamline X-19C. The X-26A conditions are as follows: white light or monochromatic light, 8 micron 
beam size, 9 meters from the source, 3 cm of air in the incident beam, 25 bunch operations, 150 
mA average current. The countrate reduction due to the smaller beam size on X-26A will be 
almost exactly offset by the shorter distance to the source and the higher ring currents. In 
addition, the incident beam filtering will be greatly reduced. Thus, we expect the count rates at X- 
26A to be comparable to those obtained in these tests except at low energy where we expect 
much better sensitivity. 
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Flgure 1: XRF spectra of IAB iron meteorites done using a Si(Li) detector at X-26A and the WDS 
spectrometer at X-19C. The Co and Cu peaks are well resolved in the WDS spectrum, while they 
are completely overlapped in the Si(Li) spectrum. The Si(Li) spectrum was filtered with 170 pm Al 
to reduce the Fe count rate and was collected for 10 minutes. The WDS spectrum was collected 
for 37 minutes, but the time on each peak was only about 15 seconds. 
Figure 2: Spectra of synthetic glasses which contain several percent rare-earth elements. Si(Li) 
spectrum was collected for 100 seconds on X-26A using a 200 ym Kapton filter to reduce the Ca 
count rate. The REE peaks are well resolved in the WDS spectrum whereas the Si(Li) spectra 
suffer from severe overlap. The WDS spectrum was collected for 1000 seconds. 
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