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. X-Ray Interaction with the Material @

The impact of X-rays on the sample creates various effects that are
used to 1dentify and analyze materials. The most important signals
received by the interaction are as follows:

v" Special fluorescence radiation (X-ray fluorescence, XRF)
v" Electron

v" Scattering

v' Adsorption in material

v" Pass through material

v" Heat production

4 h
e
- _




X-Ray Interaction with the Material @

X-Ray Fluorescence (XRF)

As a result of the X-ray hitting the sample, the electrons in the atomic orbits are
removed and the replacement of these electrons from the upper orbits produces a

characteristic X-ray of fluorescence.
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. X-Ray Interaction with the Material @

Electron

The electrons emitted by
the special X-rays
produced inside the atom
are called Auger electrons.
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. X-Ray Interaction with the Material @

Scattering

Coherent Scattering
If the bonding electrons oscillate strongly and X-rays are emitted at
the same wavelength of the incident beam (radiation), we have

coherent scattering.

Incoherent Scattering

If the bonding electrons, which are less strong, scatter part of the
radiation beam and increase its wavelength slightly (depending on
%&tteriné\

These two scattering occur simultaneously and in all directions.

the scattering angle), we have an incohere
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. X-Ray Interaction with the Material @

v" In addition to the electrons, fluorescence, and X-ray scattering,
part of the X-ray i1s absorbed by the material, part 1s passed
through material, and in addition heat 1s generated.

v' Among these, fluorescence and coherent rays are most used in
material analysis. Fluorescence beams are used for elemental
analysis of materials and coherent beams are used to identify the

type of phases and the crystal structure?@%nateria}&
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- X-Ray Interaction with the Material @

| Input beam

|
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Fluorescent Heat
Output beam \

Scatterlng Electrons

|

Incoherent scattering Coherent scattering Compton electrons Photoelectrons

Auger electrons ‘
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. X-Ray Interaction with the Material @

X-Ray Absorption
Some of the X-rays emitted to the sample or X-rays created by

electron transfer can be absorbed by other atoms.

v Actual Absorption: Due to electron transfer (characteristic

radiation)

v" Scattering: Due to the scattering of rays in different directions

due to hit with electrons (continuous or white rays).
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X-Ray Interaction with the Material @

Emission Spectrum
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.l Diffractometry Method - @

Diffractometer Measurements

v" Diffractometry is another method for calculating the distances of
crystal planes. In this method, a counter 1s used to detect diffraction
beams. The counter may work based on the 1onization of the gas or

the fluorescence property of a material due to X-ray impact.

v The conventional gas type counter is the Geiger Counter, which

works based on the 1onization of the gas inside it due to the impact
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.l Diffractometry Method - @

v" The gas is ionized and the ions move between the electrodes.
The released electrons are absorbed towards the anode and the

gas 1ons are absorbed towards the cathode.

v By connecting the anode and cathode to an external current, if
the gas 1onizes, which 1s the moment the beam hits the counter,
more current will pass through the anode and cathode. The

counter 1s usually mounted on a platform and moves in a circle.
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.I Diffractometry Method - @

"CULLITY (1956) _ How the
DIFFR ACTOMETER Diffractometer
~ CIRCLE Works?

POWDER
SPECIMEN

TARGET
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.I Diffractometry Method - @

Whenever we draw the angular changes of the counter in terms of its

anode and cathode current, the following curve 1s obtained.
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.l Diffractometry Method - @

v' In places where there are peaks in the curve, are related to the
diffraction, and the same places are the lines 1n the Debaye

Scherrer photographic film.

v By measuring 20 from the location of the peaks, the value of d can
be calculated using Bragg's law. Instead of Geiger counter, you
can use scintillation counter, which works with fluorescent

materials due to X-ray impact, and get the same curves.
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Diffractometry Method

Scintillation Counter
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.l Diffractometry Method - @

v In the diffractometer method, the sample is powdered and a tablet
1s prepared from 1t. The sample rotates at the same time as the
counter rotates, and its rotation speed 1s generally half the rotation

speed of the counter.

v" In this case, the angle between the main path of the ray and the
surface of the powder 1s always equal to the angle of the radius of

diffraction with the surface of the powder.
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.I Diffractometry Method . @

v' The accuracy of diffractometry method in determining
d is much higher than the Debye Scherrer method due
to the accurate calculation of 20 (accuracy of one

thousandth of an angstrom vs. one hundredth).
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E—Iow to Find the Composition of Materials l @

Hanawalt Method

By measuring the amount of 20, the amount of d as well as the type
of material can be determined. To do this, you can use pre-
calculated graphs or tables that represent variations 20 by d based
on Bragg's law. From the numbers that are calculated as d, it 1s
necessary to first select the three numbers related to the most
colorful film lines in the Debye Scherrer method or the largest
three curved peaks in the diffractometry method, and then refer to

.,
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the pre-prepared tables.




E—Iow to Find the Composition of Materials

Hanawalt Method
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Hanawalt Method

v The Hanawalt method is a method of finding the type of crystal.

v" This method uses a book of the same name.

v The chemical formula of all possible crystals is given in this book and 8
important lines (d) are given from each.

v" It is based on the most colorful three lines of Debye Scherrer film or the

longest three peaks of the diffractometry curve, and the first three

. . - - b =
columns are printed in more colorful. % \
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v" The indexes of the numbers show the intensity of the diffraction (colorful), where
10 (x) is the most colored line and 1 is the least colored line, and they are placed

as an index along with distance between the crystal plates (d).

v' To identify the composition of the test material by having the distances of the
crystal planes (d), we determine the three full-color lines or the longest three
curved peaks. Then we select the most colored line (the longest curved peak) and
find a part in the book where these numbers are within that part (two numbers

written above page) that in fact the numbers in the first column of the table are in

the same range.
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v Then in the second column, which is in descending order, we match
the second full line, then the third line and then the remaining 5 lines to

determine the composition of the material by matching 8 numbers.

v In some cases, there is a discrepancy between the calculated number
and the book, which i1s related to the test method. The error is generally

between 0.01% and 0.001% angstrom.
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How to Find the Composition of Materials

v On the right side of the table is a column called File No. There is a
number for each compound that 1s actually the card number of that

compound (ASTM card).

v" The complete information of each item in this card is as follows:

d values, intensities, type of radiation (copper, iron, cobalt, etc.), radiation
wavelength, type of filter, crystal structure, size a, b and c, size of angles
in the crystal, allowable planes, specific gravity, melting point and the

color of the material.
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v' If there are multiple compounds in the sample, after identifying the first
compound, the extra lines remain 1n the list that belong to another material. In

this case, the previous method is also performed for the second compound.

v If a line is common to two or more elements or, for example, when three
colorful lines do not belong to one element but belong to two or more

clements, we must determine the material by trial and error, of course, today

special software and equipment X-ray diffraction devices do this.




