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Data Mining
What?

From Webopedia:
A class of database applications that look for hidden patterns in a 
group of data that can be used to predict future behavior. The term is 
commonly misused to describe software that presents data in new 
ways. 
True data mining software doesn't just change the presentation, 
but actually discovers previously unknown relationships among the 
data. 

From Wikipedia:
Data mining has been defined as "the nontrivial extraction of implicit, 
previously unknown, and potentially useful information from data" 
and "the science of extracting useful information from large data sets 
or databases".

http://www.webopedia.com/TERM/D/database.html


Data Mining
Why?

The Powder Diffraction File (PDF) contains 
diffraction, crystallographic, bibliographic, and 
physical property information on ~550,000 unique 
entries. This is the world’s largest collection of 
structural and physical property information on 
solid states materials.

Data mining can help scientist discover new 
information on how materials work. 



Data Mining
How?

The Powder Diffraction File allows users to 
search by 48 different search mechanisms and 
then display data using 66 fields.

The fields and display searches can be 
combined and sorted – providing almost 
limitless data mining combinations. 

Data can be graphed in xy plots or histograms.

Multiple cards or diffraction patterns can be 
displayed simultaneously.



Data Mining

This is the diffraction pattern taken from a specimen of a catalytic
converter. In this tutorial, this pattern will be extensively analyzed. 

From this diffraction pattern you can identify the bulk composition
and quantitate the results using modern X-ray analysis techniques.

Using data mining of the PDF-4 database, you can determine solid
solution doping, the temperature of synthesis for the part, and make
reasonable assumptions about the identity and concentration of
low concentration catalysts present in the specimen.

From the above data, you can find applicable patents on the Internet
that align with the data and describe the manufacture of the part. 
Overall data mining leads to a reasonable hypothesis for the 
fabrication of the component and its exact composition that could be
verified, if required, with further experimentation.



Example

Data were collected on a commercial catalytic converter.
Very little information is known about the specimen.

The sequence is
Phase identification
Quantitation
Unit cell refinement 

then
Data mining based on the above
experimentally defined parameters 

The next few slides outline the sequence of events required to solve the 
problem. For step-by-step procedures see the tutorials on SIeve+



Identify
Cordierite

Auto Catalyst 
Raw Data



Identify Tetragonally Stabilized Zirconia
~ 100 A Crystallites

Identify the size through
zirconia pattern simulations

25 A
Experimental

100 A
250 A

1000 A



75% Cordierite, 25% Stabilized Zirconia
Experimentally Refined Cell Parameters

Rietveld Analysis 
This analysis used PANalytical HighScore Plus

for the Rietveld refinement



Data Mining

• Search all ZrO2 structure
• Search tetragonal space groups
• Analyze by composition, reduced cell
parameters and reduced cell volume

Plot your data! (New feature in 2007!)

Point and Click!



Tetragonal Zirconia’s 
–137 Determinations

Plot of Reduced Cell a vs Reduced Cell c



Author, Crystal
Reduced Cells

Atomic 
Parameters
and symmetry

Editor’s comments

Indexed pattern

Data in the PDF Entries

Use editors comments to interpret the data!



Best matches with cell dimensions
- Ce  Stabilized Zirconia
- ZrO2 made at 1200 K

ZrO2
No doping

Increase w/Temperature

1/1 Ce/Zr

High Pressure
20-30 GPa
Zirconia

Refined 
Unit Cell



Ce doped Zirconia
10 Determinations

10-20 wt%

47 wt%
Experimental Data



Cordiertie  ZrO2

Additional Small Phases

Requires
- Better Data or
- Specimen History or
- Elemental Analysis



Deduction
~3% RhO2 (black pattern in above simulation) 

on a Ce doped tetragonally stabilized ZrO2 washcoat
used with a cordierite honeycomb substrate

Substrate is large crystallite size, washcoat is small crystallite size

Consistent with XRD data, but also consistent with patent
literature researched on the Internet

Experimental Data

3-Phase Simulation



A supported catalyst useful in the present invention was prepared as follows:

Onto a 400 cells/in2 (62 cells/cm2) cordeirite honeycomb monolith, is 
deposited a catalyst washcoat underlayer of a slurry of a mixture of alumina,
ceria and zirconia to give a total deposit of 2. Og/in3 (0.12g/cm3). 
The resulting monolith is fired for 1 hour in air at 500°C. A first catalyst 
layer is deposited onto the monolith by impregnating the washcoated 
monolith with a mixed solution of tetramine platinum dichloride and
barium acetate, to yield an intimate mixture of platinum and barium. 
The barium acetate is deposited at a loading of 800g/ft3 of Ba (28g/litre) 
and the platinum is deposited at a loading of 100g/ft 3of Pt (3.5g/litre).
The monolith is fired again under the same conditions. A second
washcoat layer is then deposited to yield a deposit of 1. Og/in3
(0.06g/cm3) of ceria-stabilized zirconia (11% Ce02,89% ZrO2) 
in admixture with a solution of rhodium nitrate, to yield a deposit
of 6g/ft3 (0.21 g/litre) of Rh in the second washcoat layer. 
The treated monolith is fired again under the same conditions and then 
a second impregnation is carried out using cerium acetate solution to 
deposit 400g/ft3 (14g/litre) of Ce. The monolith is fired again under the 
same conditions

World Intellectual Property Organization
Result of an Internet Search



Conclusions
• The XRD pattern directly yields the identification of cordierite and 

zirconia and their respective crystallite sizes from an analysis of peak 
locations and profiles. 

• Rietveld refinement provides a quantitative analysis and refined cell 
parameters which results in the identification of Ce doping in the zirconia 
unit cell.

• Data mining results in a concentration for the zirconia doping and a 
synthesis temperature for the cordierite and zirconia by references to the 
known literature data in PDF‐4+.

• The above data can be used on a search on the internet, which identifies 
catalytic converters having these components

• Converter patents indicate that Rh, Pt and Pd are likely catalysts.

RhO2 does fit as a minor (~3%) phase, other oxides are possible but are 
heavily overlapped with the zirconia pattern.

Based on the above, additional analyses should be able to confirm the

synthesis route and other phases present in the specimen. 



Thank you for viewing our tutorial. 

Additional tutorials are available at the ICDD web site 
(www.icdd.com).

International Centre for Diffraction Data

12 Campus Boulevard

Newtown Square, PA 19073

Phone: 610.325.9814

Fax: 610.325.9823

http://www.icdd.com/
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