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Quantitative Composition Determination of Powder Mixtures Using XRD

Material composition is an essential piece of information for engineering, quality assurance, trace
element analysis, process controls, and research and development. In ceramics, alloys, steels,
geology, and many other fields knowing the composition and crystallographic phase of a material
is vital to accurately predicting its performance. With x-ray diffraction (XRD), it is possible to
determine the type of material and weight fraction of multiple components in the same sample.
XRD has the advantage of being non-destructive and does not require large sample volumes. This
method works best for any polycrystalline sample with randomly oriented grains that are less than
10 um in size, which includes many metals, alloys, geological samples, powders, ceramics, and
cements.

There are three stages to measuring
composition with XRD: acquiring the
diffraction pattern, identifying the
crystallographic phases present in the
sample, and refining a model to
determine the amount of each phase.
Materials are identified by comparing
the sample’s diffraction pattern to those
in a pattern library containing hundreds
of thousands of standards. Each
crystallographic phase has a unique
diffraction fingerprint, allowing for the
identification of the materials present in
the sample. The final step is fitting the
whole powder pattern to a theoretical
model. The total intensity of each
phase’s pattern is proportional to the
amount present in the sample. A model
of the phases is used to calculate a theoretical diffraction pattern which includes strain, changes in
stoichiometry, texture, or sample and instrument misalignments. These variables are refined using
the Rietveld method and produce composition measurements good to 5 wt % for many
applications.

Figure 1. Powder mixture in low-background sample
holder during XRD experiment.

In this demonstrative experiment, a mixture of two known, polycrystalline powders was tested for
phase identification and composition measurement using a Rigaku SmartLab X-ray
Diffractometer. The powder mixture was placed in a low-background sample holder and pressed
to produce a smooth, flat surface, as shown in Figure 1. The Cu x-ray source, detector, and sample
were all aligned. A nickel foil was used to selectively absorb the Cu Kg. The powder diffraction
pattern was measured with the D/TeX 1D detector at 2°/min over a 26 range of 15 to 110°.
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Figure 2. Experimental and calculated XRD patterns of the sample. The peak positions of
anatase, corundum, and rutile are marked with purple, green, and gold triangles, respectively.

The experimental diffraction pattern from the powder mixture is shown above in Figure 2. The
phases were identified as corundum (Al.Oz) and anatase (TiO2) with the PDXL 2 analysis program
using the Crystallography Open Database powder diffraction library. Rutile (another form of TiO,)
may be present at or below 1.1 wt %. Reference markers below the data indicate the ideal peak
positions for each phase. The whole pattern was fit to a model in PDXL 2 in which the Lorentz
polarization, the K, and K splitting, and sample self-absorption were accounted for. The weight
fraction, lattice constants, thermal vibration parameters variables were fit to the experimental
pattern for each phase. The resulting calculation from the best-fit model closely matches the
experimental pattern (Rwp = 2.55%) and is shown as the red line in Figure 2.

As an independent check for the XRD results, the elemental composition of the sample was
determined using Energy Dispersive X-ray Spectroscopy (EDS). The weight percent of each phase
was calculated assuming ideal stoichiometry. As EDS does not distinguish between
crystallographic phase, the weight percent of TiO> is a sum of anatase and rutile. As seen below
in Table 1, the composition measurements from XRD and EDS are in agreement.

Table 1 Powder Mixture Composition Results from XRD and EDS

) XRD EDS
Chemical Formula Phase (wt. %) (wt %)
Al,O3 Corundum | 59.8 + 2.2 | 62.48 + 3.55
Anatase | 39.1+2.2
TiO2 : 37.52+4.09
Rutile 1.1+21
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