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KBeta (Kβ) Radiation Contamination 
Powder x-ray powder diffraction (PXRD) experiments are usually carried out 
using fixed copper (Cu) anode target powder diffractometers in line focus 
mode. Occasionally, molybdenum, iron, or chromium fixed anode targets may 
also be used when the samples show excess fluorescence for copper radiation 
(samples that contain Fe, Co, Ni, Cu, etc.). However, majority of the 
instruments use Cu as the fixed anode in line focus mode for powder XRD. 
 
This means the wavelength used in these diffraction experiments is 1.541Å 
(which is that of Kalpha1; Kα1 =1.54060Å and Kα2= 1.5443 Å). However, there 
will always be Kbeta radiation (Kβ =1.3926Å) present in any non-
monochromatized instrument as part of x-ray generation. The 
monochromatization can be done using sophisticated multi-layer mirror 
system, monochromator, or even a simple Kbeta filter such as nickel (Ni) foil of 
appropriate thickness. 
 
The multi-layer mirror system specifically manufactured to eliminate Kβ will 
very efficiently eliminate all the Kβ radiation while increasing the total flux 
compared to total reflection mirror system. For example, compared to total 
reflection mirrors the multi-layer mirror system reduces the Kβ 30% [Ref TR] 
but mirrors are very expensive. Monochromators eliminate the Kβ radiation 
too but they reduce the total flux. Finally, the simple Ni filter will reduce the 
Kβ contamination but also cuts the Kalpha radiation but are least expensive and 
easy to add and remove. So you will find the nickel filter as one of the 
options on mid-level powder x-ray diffraction equipment both on the incident 
and diffracted beam sides. 

Nickel filter (KBeta (Kβ) filter) 
The nickel foil filter of appropriate thickness (~20 µm) will cut about 99% Kβ 
radiation while reducing Kalpha radiation by about 58%. So it is one option 
available to users. However, if you can live with the known Kβ lines, meaning 
you can account for it in your analysis, it may be worthwhile NOT to put the 
filter there by keeping your full flux of your Kalpha radiation. Having said that it 
is important to recognize the contribution of Kβ radiation in your sample and 
we will discuss that in the next section. 

Other radiation contamination 
Another possible source of radiation contamination that may affect your 
powder x-ray diffraction pattern is tungsten radiation. This contamination is 
due to the fact that most of the x-ray cathodes (the filament that produces 
the electrons by thermionic emission) are made of tungsten filament. Over 
time, small amounts of tungsten evaporate from the cathode and get 
deposited on the anode. So the characteristic of this contamination is that it 
will increase with the age of the anode as more and more tungsten gets 
deposited on top of the copper anode. The characteristic contamination 
occurs at Lalpha1; Lα1 =1.4764Å. 

 
 

http://biophysics.fsu.edu/soma/projects/powder-xrd-csl/
http://biophysics.fsu.edu/soma/x-ray-facility/
http://biophysics.fsu.edu/soma/
mailto:tsomasundaram@fsu.edu
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Silicon Standard 
Silicon powder from National Institute of Standards Technology is regularly used as a 
standard to calibrate and check the accuracy of powder x-ray diffraction equipment. Before 
we collect a standard pattern, the 2-theta range and scan time need to be established by 
looking at one of the peak’s full width at half-maxima (FWHM) in deg. Then the step size of 
scan should be selected such a way that there will be at least10 steps within the FWHM. 

 
Silicon powder standard sample first peak parameters 

For this Si standard sample the FWHM was 0.0762°, so the step size was selected to be 
0.0083° (~1/10 FWHM). The time per step was selected to be 8.255 s yielding a total scan 
time of 12 min. 

 
Silicon powder standard sample Data Collection Parameters 

http://www.nist.gov/mml/mmsd/sustainable-materials/diffraction-metrology.cfm
http://www.nist.gov/
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Let us look at the powder XRD pattern of the silicon standard sample [Ref Si-Std] collected 
for 12 minutes for 2-theta range 10-100° using copper anode wavelength of Kα1 =1.54060Å 
and with 20 µm Ni filter using our Panalytical X-Pert Pro equipment. 

 
Silicon powder standard sample with 20 µm nickel filter 

From the published standard XRD pattern file, we can match the following major peaks at 
28.43°, 47.29°, 56.11°, 69.12°, 76.36°, 88.02°, and 94.94°. 

Filter placement and removal 
If we were to remove the Nickel foil filter (aka beta filter), we need to know the location in 
the Diffracted Beam Optics side (see the photos below). 

  

Ni filter slot in Diffracted Beam Optics side Ni filter being positioned in the slot 
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Now let us see what happens if we remove the Ni foil filter and run the same pattern under 
same conditions of 12 minutes run for 2-theta range of 10-100° using copper anode 
wavelength of Kα1 =1.54060Å and without 20 µm Ni filter. 

Patterns 

 
Silicon powder standard sample without 20 µm nickel filter 

In this pattern we see many more lines than we saw earlier and some of them are pretty 
strong (one at 25.64° and at 42.25°). These are NOT the peaks expected with d-values for 
silicon sample and hence must come from some other source. But we also know the sample 
is pure and doesn’t have any contaminants. So if the extra peaks are not from sample, they 
must be due to extra wavelengths (non-monochromatic incident beam). It is actually from 
copper Kβ radiation. Also note small but notable peaks at 27.21° and 46.10°. These peaks 
arise due to another contaminating radiation (tungsten Lα1). 

Another important point to note is the general reduction in intensity in the pattern that has 
the Ni filter. For example, the first peak at 28.43° (Kα peak) has intensity value of ~8496 
counts with Ni filter whereas the intensity value for the same peak is ~20654 counts 
without the Ni filter, an increase of 2.43 times for the values without the Ni filter. Similar 
reductions can be seen for other Kα peaks at 47.30°, 56.13°, etc. 
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Silicon standard with (red line) and without (blue line) 20 µm nickel filter 

As noted above the extra peaks are definitely not due to contamination of the sample since 
we ran the same sample with and without the filter. So as we noted the source of error is 
from contaminating radiations from copper and tungsten. 

Data Viewer program supplied with our PXRD has special feature that will add spectral lines 
to the data so that we can discern the contaminating radiation. First, select from the main 
menu, “Settings>Spectral Lines”, to specify various spectral lines. 

 
From main menu, select Settings > Spectral Lines 

Then, select from the main menu, “Tools>Spectral Lines” to show the spectral lines on the 
pattern. 
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From main menu, select Tools >Spectral Lines 

Now you will see four lines that specify the wavelengths as shown below. 

 
Silicon sample with spectral lines for Cu Kalpha1, Cu Kalpha2, Cu Kbeta, and W Lalpha1 

So clearly, the large peak at 25.63° is due to Cu Kbeta and the smaller peak at 27.21° is due 
to W Lalpha1 and the shoulder seen at 28.492° is due to Cu Kalpha2 and the main peak at 
28.42° is due to Cu Kalpha1 all these represent the d-value of 3.146Å for the silicon 111 plane 
but appear at different 2-theta values due to their differences in the wavelengths. 

The next figure shows the same set of lines but at mid-level 2-theta value (also smaller d-
value). Note, the separation between the lines have increased since 2-theta value has 
increased. 
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Cu Kalpha1, Cu Kalpha2, Cu Kbeta, & W Lalpha1 spectral lines at medium 2-θ 

The next figure shows the same set of lines but at highest 2-θ value (also smallest d-value). 
Note, the separation between the lines have increased even more due to large θ. 

 
Cu Kalpha1, Cu Kalpha2, Cu Kbeta, & W Lalpha1 spectral lines at high 2-θ 

Intensity reduction 
As noted above, we also saw a reduction in intensity when we introduced the Ni filter and 
that can be quantified too. Using the menu Tools>Beam Parameters, select Scale factor and 
plug in values for the pattern with Ni-filter until it matches the pattern without filter. This 
can be done easily by picking one peak and working on it. Alternatively, from the Data 
Viewer graph, hold CTLR+Left Mouse button and move the pattern with Ni-filter until one of 
the peaks from one pattern matches with same peak in the pattern without the filter. 
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Si sample with nickel filter (red line) scaled to one without filter (blue line). 

This means when the Ni-filter is introduced there is a 2.4 times reduction in intensity or we 
lose 58% of Cu Kalpha. 

 
Si sample with nickel filter (red line) scaled to one without filter (blue line). The 

scale factor in this case is 2.42 for the peak at 28.433°. 

 

References: 
http://www.icdd.com/resources/axa/vol42/V42_36.pdf 
https://www-s.nist.gov/srmors/certificates/archive/640c.pdf 
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