But does

it DO
anything??




Powder diffraction - applications

This

Intensity (Relative Units

Qualitative analysis - what IS this stuff?ll

Every material has a unique x-ray powder pattern
Every PHASE has a unique powder pattern

This image, taken under a
microscope, shows that a "duplex
stainless steel’ has two phases

RHE A 55 5N
is The X-ray diffraction pattern

75 100
2Thets (Degrees)



Powder diffraction - applications

Qualitative analysis - what IS this stuff?ll

75 100
2Thets (Degrees)

The X-ray diffraction
pattern tells us this

How?



Powder diffraction - applications

Qualitative analysis - what IS this stuff?ll

We use the Powder Diffraction File database (the PDF)
and a search system

History

1938 Hanawalt paper on first database and search method
1941 ASTM committee publishes database on cards
1969 JCPDS incorporated; publishes the JCPDF




Powder diffraction - applications

Qualitative analysis - what IS this stuff?ll

We use the Powder Diffraction File database (the PDF)
and a search system

History

1938 Hanawalt paper on first database and search method

1941 ASTM committee publishes database on cards

1969 JCPDS incorporated; publishes the JCPDF

1977 JCPDS became the International Centre for
Diffraction Data (ICDD) - currently publishing various
databases, including the new PDF-4, with diffraction
and structure data for >300,000 phases
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Qualitative analysis - what IS this stuff?ll
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Qualitative analysis - what IS this stuff?ll
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Powder diffraction - applications

Qualitative analysis

Quantitative analysis

Crystal structure determination
Crystallite size

Microstrain

Residual macrostresses 5% =W N 7




Powder diffraction - applications

Qualitative analysis
Quantitative analysis

Crystal structure determination
Crystallite size

Microstrain

Residual macrostresses

stress = modulus x strain
o=Ec¢
(Hooke's law)




Powder diffraction - applications

Residual stress

Reflections shift position (d-values change under stress)

UNIFORM STRAIN
(b)




Powder diffraction - applications

Residual stresses

KOOAX DEF~S X-RAY FILM

w<zxCo0n

AQBN (1) (422) PEAX




Residual stress

Suppose isotropic#-[n] [F] 14 solid loaded in uniaxial 5.4
tension

Can measure change in interplanar spacing for planes
reflecting as above

Ad = (d-d)/ d, - thisis the strain e,

g5 = (1/E) (o5 - v(o, + 6,)) - v is Poisson’s ratio

e, = - (1/E) v o, - so, can get stress




Residual stress

Biaxial & triaxial stress states more complicated

- =4

Stress state resolved differently along different directions in
sample, so peak shifts change w/ direction

ey = 9p (1 +v)/E siny — (v/E)(o, + 0,)

4




Residual stress

Measurement procedure - classical technique - sin®y

Diffractometer must have two more rotations - ¢ and

Incident

beam Y rotation

¢ rotation

Diffracted beam




Residual stress

Measurement procedure - classical technique - sin®y




Residual stress

Measurement procedure - classical technique - sin®y

ey = 99 (1 +v)/E sincy — (v/E)(o, + 0,)

Need E, v -
measure or
calculate




Powder diffraction - applications

Qualitative analysis
Quantitative analysis

Crystal structure determination
Crystallite size

Microstrain

Residual macrostresses

Thin films
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Powder diffraction - applications

Thin films

First, suppose we have a thin
single crystal plate

Mount in 4-circle diffractometer

|ldentical to
standard powder
diffractometer
arrangement

——7D



Powder diffraction - applications

Thin films

This set of planes (same d)
doesn't diffract

- must rotate

specimen

Leave counter
stationary




Powder diffraction - applications

Thin films

Now this set of planes
diffracts into
counter




Powder diffraction - applications

Thin films

Replace single
crystal plate with
polycrystalline
thin film

— 70

Can rotate
film and still
get reflection




Powder diffraction - applications

Thin films

intensity

o

However, if preferred
orientation, e.g., cubic a axes shown

oL ol
-,

reflection not g e
EETEES

at all ¢ angles




Powder diffraction - applications

Qualitative analysis
Quantitative analysis
Crystal structure determination
Crystallite size
Microstrain
Residual macrostresses
Thin films
Crystallinity
Studies of phase diagrams
A. Phase boundaries
B. Solid solutions
C. Phase transitions
10. Studies of chemical reactions and identification of
reaction products.
11. Determination of grain sizes.
12. Preferred orientation in polycrystalline bodies.
13. Many more

1.
2.
3.
4.
5.
6.
7
8.
9.




