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ABSTRACT

X-ray Diffraction Rietveld Analysis

X- ray powder diffraction (XRD) is a versatile, non- destructive analytical method for identification and quantitative determination of crystalline The Rietveld method is a full-profile (rather than single peak), diffractogram-fitting technique that generates calcu-
phases present in powder and solid samples. Identification of phases is achieved by comparing measured data to a reference database. XRD has been lated diffractograms and attempts to match these to experimentally derived ones. It operates by calculating a theo-

a standard technique for qualitative analysis of mineralogical phases, but quantitative methods were often difficult when the method called for pure retical diffractogram for a given phase, then proceeds through a series of least-squares iterations wherein a variety of
phase standards. The reference intensity ratio (RIR) method is a quantification method that can give a quick analysis, but is subject to inaccuracy due  experimental (e.g. background, two-theta displacement) and physical (e.g. unit-cell parameters, site-occupancy fac-

X-ray diffraction (XRD) can provide useful information about the composition of an ore sample in terms
of quantification of crystalline phases and also amorphous content. XRD is also a powerful technique for
studying substitutional solid solutions that can affect mining productivity, such as determining lattice
bound aluminum in Goethite. Knowledge of the phases present can predict processing required to bene-

ficiate the ore (flotation, magnetic separation, etc), or further upstream can dictate the best ore bodies to to preferred orientation of crystals in the sample. tors) parameters are varied until a defined convergence value (goodness of fit; GoF) is obtained.

mine. In the analysis of iron ore, XRD can identify the phases containing iron, such as Hematite Fe203, Counts e e P I T T . . . . . .

Magnetite Fe304, and Goethite FeO(OH), and any other mineral phases present, especially silicas. Quan- motitere Every crystalline substance gives a distinct, reproducible pat- The rgsult >4 caI_cuIate_d X-ray d'ffr‘?(ft'on profile that best fits an experlr_nental One, The Rietveld Method
titative analysis is possible by various classical methods such as straight line or polynomial calibration with 5000 - tern that is independent of other phases in a mixture. both in terms of intensity, peak position and peak shape. For samples with amorphous e Rran oot |
standards, but modern quantification analysis techniques such as Rietveld analysis or full pattern auto- content, a known quantity of an internal standard may be incorporated in the sample givee:wnéintsfztey:xptreision:ragg SR

to calculate a weight fraction of amorphous content in addition to quantifying the

scale analysis are attractive alternatives, as they do not require any standards. These methods offer im-

- I =S My L [F? (1)
pressive accuracy and speed of analysis. The Rietveld method compares calculated vs. experimentally de- 1000 _ crystalline phases.

. . . . . . . . . Where S is the scale factor, M, is the reflection
rived X-ray powder diffraction patterns for a phase, adjusting a wide-variety of crystallographic-, chemi- _ multiplicity, L, is the Lorentz-Polarization factor
cal- and modal-abundance parameters until the two are in agreement. Another analysis technique offer- The strengths of the Rietveld method are: and F, is the structure factor:
ing great benefit to ore exploration is cluster analysis. This technique greatly simplifies the analysis of a oo . Suitable for homogeneous or heterogeneous samples; n
large amount of data from e.qg. drill core samplings, and automatically sorts closely related scans of an ex- : Work_s with powdered materials; o= Z fiep @plhin-high) @
periment into separate clusters and marks the most representative scan of each cluster as well as outlying Relatively fast; _ _ -
patterns. This can facilitate multi-dimensional compositional mapping of ore deposits, identifying regions S J 4 lu - Cost-effective; . atrix rabresenting the Miller indices r s & e
of favorable mineral composition. A case study of the XRD analysis of hexagonal and monoclinic pyr- 0 Effective at dlstmg_wshmg be_tw_een phases that may differ subtly from one another; B e
rhotite phases, which are often associated with base and precious metal ore bodies, will be presented 10 = P peiton parnets] >0 . Capable of producing quantitative modal abundances for the phases being analyzed matrix representing the anisotropic displace-

- ; I ; . ) . I . ) [ 0 men parame ers, an represents € transpose
with comparisons to other analytical techniques. Understanding the ratios of these phases is an important (down to < 1 %). of the matrix.
component of any study relating the genesis, mineral distribution and subsequent beneficiation of mag- SCCLACLN SHLSOQ_M;MLEJ, L I || | |” || ” || ||”| | ||”|”|| || |||” [h ||||| |||| I III | S _ _
matic ores. Details of the techniques used, sample optimization methodologies, results, data precision 85-0504:ST02, Quarz__| | [T R | | [ ] [T ] Some limitations of the Rietveld method include:
TR : : . iy e : ey (4108 AR O3 Corundum | [ - | N [ | requires atomic structure of phase to be known;
and limitations will be discussed. The approaches have enormous potential as an inexpensive, reliable 787508, TTOZ Rl syn | S I 0 SO S O 9 - >t P _ ' _
tool, useful in the characterization of ore materials from any geological environment. 771377, STOZ; Cristobalite pw, syt | | I A S A U 1 A A AR . If phases are missing, the results are relative weight percentages, not absolute weight percentages;
_ _ _ _ _ Modern quantification analysis techniques such as Rietveld analysis or full pattern autoscale analysis are attractive alternatives, as they do not require . Sometimes difficult to extract modal data for samples containing two or more minerals of the same family (e.g. am-
PANalytical’s X’Pert PRO MPD goniometer, equipped with programmable divergence and dard h hods offer i . d d of Ivsi d : i al ble of duci q £ cuffi : _
anti-scatter slits, and the high speed, high resolution XCelerator solid state XRD detector any standards. These methods offer impressive accuracy and speed of analysis. Modern XRD equipment is also capable of producing data of suffi- phiboles);
cient quality for Rietveld analysis in just minutes, instead of an hour or more with traditional detectors. making it more amenable to process control. . Best results are obtained when one has an understanding of mineralogy, crystallography and both the overall phi-
losophy and approach to a successful Rietveld analysis.

Case Study 1: Iron Ore Analysis Case Study 2: Cluster analysis of bauxite

XRD is a powerful technique for the analysis of | |An iron ore sample supplied to a steel production plant was analyzed by Rietveld Modern X-ray diffraction equipment like PANalytical’s X’Pert PRO systems with the X'Celerator detector allow The three clusters: hoti : dto d familv of Fe-defic fides with th | XRD is a definitive method for distinguishing between mpo and hpo forms,
f f h h ful | h Pyrrhotite (Po) is a name used to denote a family of Fe-deficient sulfides with the genera )
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contain Fe, e.g. Hematite Fe203, Magnetite by the RIR method. The data was collected on a PANalytical X'Pert PRO MPD system drill core analysis. Cluster analysis is a method that uses statistical methods to greatly simplify the analysis o | - - _ ) ) _ )
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