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Editor’s Note:

Welcome to ISAS News Letter Volume 1, No 4. Members of ISAS may kindly
send articles for publication in the newsletter. Articles may please be sent
to the editor by e-mail. | would like to thank all the contributors for the time
and effort they have spent preparing articles for this edition which | hope
you will find both informative and interesting.



Message from President-ISAS

This is a busy time of year for ISAS and its respective Chapters. The
focus of this newsletter is primarily to update you with respect to the
upcoming Indian Analytical Science Congress 2009 at Lonavala
which is the key event in our society’s activities. Due to the hard work
of the members of the organizing committee the Analytical Science
Congress 2009 is going to be a memorable event. | will try to give
you a summary of what IASC 2009 offers in the forthcoming event.

To date we have fourteen eminent invited speakers from India and
abroad for this conference along with a concluding roundtable
discussion on the current status and future trends in Analytical
Science. The theme of this congress viz. Analytical Science for
Industrial Development and Technological Progress embraces a wide
range of topics . A balance has been struck between speakers
representing  professional societies, academic institutions,
government agencies, research organizations and industries.

There are over fifty poster presentations in the Poster Session of the
congress. These posters remain up for viewing during most of the
meeting and include an opportunity to meet with the poster authors
one-on-one at a designated time noted in the final program. First and
second prizes will be given to the best posters. Please make sure
and consult the final program for the specific time for this event as
well as the subject content of this large poster session.

At the upcoming congress, the ISAS traditionally has our EC Meeting.
This is an excellent opportunity for member participation and to let
your voice and opinion be heard on a range of subjects. For example,
we will need input on suitable topics for the next program for ISAS. |
urge your participation in this meeting in order to steer the
organization and to inform the leadership as to your needs and
wishes. The next analytical science congress will be the fourth in this
series and the ISAS needs to develop a program for improving the
status of analytical science in our country. We need to be thinking
right now what we can do as a professional organization to fulfill this
goal in 2010.



As | conclude, let me say that | look forward to meeting all of you at
the forthcoming IASC 2009 at Lonavala. Please let us know if we
can help you in any way.

Thank you

Dr VR Nair
President-ISAS

Indian Analytical Science Congress -2009 (IASC-2009)

The Indian Analytical Science Congress-2009(IASC-2009) will be
held at Lonavala,a hill station in Maharashtra State during November
12-13, 2009. The theme of the congress is ,"Analytical Science for
Industrial Development and Technological Progress”. Around 200
delegates are expected to participate in the congress.

We are charging ahead with final preparations for IASC 2009.We had
a tremendous response with contributions for presentations and the
proceedings are with the printer. All necessary arrangements are
falling into place. With our generous industrial sponsors, this will be
an outstanding conference. The venue will be run professionally.
Delegates will receive a hard copy of the proceedings. The
conference encourages socializing, networking and scientific
exchange. The program which follows has outstanding presentations,
poster sessions, round table discussions, and vendor exhibits. We
plan a superb grand welcome and dinner at the host Hotel Silver Hills
Resort. Post conference tours, coupled with scenic stops, are
available at Lonavala. Register early and take part in this outstanding
conference.

A technical exhibition will be held in parallel with the technical
sessions to allow delegates and suppliers to discuss the latest
developments in Analytical Science research and technology.
Interested vendors should refer to the ISAS website for information
on exhibition opportunities. Additional details about the scientific and
technical program can be found at: www.isasinternational.com.

Best Poster Presentation: First-place and second-place awards for
the best poster presentation will be made at the Conference.



Conference Venue and Accommodations

IASC 2009 will be held at the Silver Hills Resort Lonavala. This hotel
is locally owned and centrally located in Lonavala close to the railway
station. Several restaurants, shopping venues, and local cultural
activities are within walking distance of the hotel.

Address: RESORT SILVER HILLS (Lonavala) ,Plot no.11, Near
Fariyas Holiday Resort, Frichlly Hill Area, New Tungarli, Lonavala -
410 302 Telephone:(91) (02114) 278283

Lonavala - Venue for Indian Analytical Science Congress 2009



WORKSHOP ON APPLICATIONS OF X-RAY SPECTROMETRY IN
ANALYTICAL SCIENCE AND TECHNOLOGY

A workshop on Applications of X-ray fluorescence in Analytical
Science and Technology was organized by ISAS in collaboration with
the Physics Department, Cochin University of Science and
Technology on 21%' September, 2009. The venue of workshop was
the Physics department auditorium Cochin University of Science and
Technology. The workshop was inaugurated by Prof(Dr)
Chandramohan Kumar, Registrar of Cochin University of Science and
Technology.

Prof (Dr) Chandramohan Kumar, Registrar- CUSAT delivering the
inaugural address

The Faculty included Dr KVG Kutty of IGCAR, Kalpakkam, Dr V.
Natrajan, Radiochemistry Division ,BARC, Dr N.L. Mishra from Fuel
Chemistry Division, BARC, Dr Daisy Joseph, Nuclear Physics
Division, BARC, Dr K.R. Dayas, Director, C-Met, Dr Rajeev, ISRO
and Dr Sebastian Binu Thomas, English Indian Clays. 120 delegates
participated in the workshop.



 THE APPLICATION OF X RAY FLUORESC
% IN ANALYTICAL SCIE

A section of the participants of the workshop on Applications of XRF



The workshop was very useful particularly to the student members
who participated in the workshop. The fifth birth day of ISAS-Kerala
chapter was also celebrated along with this event

Abstracts of the papers presented in the workshop along with a write
up on XRF distributed in the workshop are given below:

IT-1
WAVELENGTH-DISPERSIVE X-RAY FLUORESCENCE
SPECTROMETRY - THEORY & PRACTICE

K.V. Govindan Kutty and R. Asuvathraman
Liquid Metals and Structural Chemistry Division
Indira Gandhi Centre for Atomic Research

Kalpakkam 603 102

Wavelength Dispersive X-ray Fluorescence (WDXRF) spectrometry is a powerful tool
for the quantitative compositional analysis of materials. The precision and accuracy are
excellent, and in a majority of cases, the analysis is non-destructive and with simple or
minimum specimen preparation (solid or liquid). Almost all the elements, generally from
fluorine to actinides in the periodic table can be determined by this technique, covering a
wide dynamic range of concentration (ppm to percentage levels).

In this technique, the constituent elements of the sample are excited to emit their
characteristic x-rays by irradiating the test sample with high-intensity x-ray beams from
an x-ray tube (primary x-rays). The emitting elements in the sample can be identified by
determining their wavelengths in the emission spectrum (fluorescent x-rays) by means of
crystal diffraction. The concentration of the elements in the sample can be derived from
the intensity of their characteristic x-rays in the fluorescent spectrum.

The crux of the analysis is to convert the fluorescent line intensity to elemental
concentration; and the process is often complicated by strong matrix effects (inter-
element effects), viz., line absorption, enhancement, and spectral superposition. However,
a variety of methods are available to overcome these problems. The most common one is

to use a series of matching standards and construct a calibration curve of fluorescent line



intensity versus analyte concentration, and to read out the concentration of the analyte in
the test sample by referring the measured line intensity to the calibration curve. Modern
XRF instruments are equipped with software making use of mathematical methods of
deriving the elemental concentration by employing a minimum number of standards or
no standards at all. These methods can be broadly classified as the empirical coefficients
method and the fundamental parameters method.

The above prniciples of WDXRF, and how the technique can be used in practice will be
highlighted in this presentation, taking examples mainly from our laboratory on the
compositional characterization of stainless steels, and trace element determination in
ceramic matrices.
IT-2
APPLICATION OF ENERGY DISPERSIVE X-RAY FLUORESCENCE FOR
THE CHARACTERIZATION OF NUCLEAR MATERIALS

V.Natarajan
Radiochemistry Division
Bhabha Atomic Research Centre,
Mumbai - 400085.
Among the X-ray based analytical techniques, Energy-dispersive X-ray fluorescence
(EDXRF) has a special place due to its simultaneous multi-element analytical capability,
simple sample preparation requirements and low maintenance cost. Indeed this technique
is being widely used for the identification and determination of a number of elements in
archeological, biological, geological and environmental samples. In many industrial
laboratories, EDXRF technique plays an important role for the analysis of minor and
major elements in semiconductor materials, coal, cement, stainless steel etc. In the
nuclear industry, wavelength dispersive X-ray fluorescence (WDXRF) spectrometry and
total reflection X-ray spectrometry (TXRF) have been reported to be useful for
determination of U and Th in solution samples, whereas EDXRF technique has not been
sufficiently exploited. However EDXRF can be gainfully used for the rapid determination
of uranium in mixed oxides of Th and U, since the dissolution of sintered thorium oxide
(which is extremely difficult and time consuming) is unavoidable in case of chemical as
well as mass-spectrometric analyses. In the separation of thorium and rare earths from

monazite, EDXRF is useful for characterisation of the intermediate products. This
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technique has also been widely employed in the qualitative as well as quantitative

analysis of ores such as rutile, zircon and tantalite.

In our laboratory, several analytical methods based on EDXRF have been developed for
analyzing a number of common impurities such as Fe, Cr, Ca and W in the concentration
range above 50 ug/g in solid as well as aqueous solutions. In the present talk, the basic
principles of EDXRF along with its application for the determination of major
constituents of nuclear materials such as thorium-uranium oxide samples and for the
analysis of some common analytes such as Mn, Cu, Cr, Co, Ni, V, Fe, Zn and Mo in
U308 / ThO2/ aqueous solutions will be discussed. Further, methods for the direct
determination of some common analytes in graphite and aluminium oxide powder

samples and uranium in zircon and rutile samples will also be dealt with.

References

1. Determination of uranium content in Th, U mixed Oxides using EDXRF

V.Natarajan, M.J.Kulkarni, N.K.Porwal, B.A.Dhawale, N.S.Hon, S.V.Godbole and V.K.
Manchanda, Nucl. Instr. Meth, Phys. Res. B 266, 3290 (2008).

2. Determination of metallic impurities in U308 using energy dispersive X-ray
fluorescence technique

V.Natarajan, B.A.Dhawale, B.Rajeswari, N.S.Hon, S.K.Thulasidas, N.K. Porwal,
S.V.Godbole and V.K. Manchanda, Spectrochimica Acta B 63, 817 (2008).

3. Application of energy dispersive x-ray fluorescence for the determination of metallic
impurities in ThO2

V.Natarajan, B. Rajeswari, B.A. Dhawale, N.S.Hon, S.V. Godbole and V.K.Manchanda
J. Radioanal. Nucl. Chem. 280, 27 (2009).



IT-3
EDXRF AND MICRO-XRF-SOLUTIONS TO ANALYTICAL
PROBLEMS IN MATERIALS

Daisy Joseph

Nuclear Physics Division, B.A.R.C, Trombay, Mumbai-
400085

Radioisotope induced EDXRF —Energy Dispersive X-ray Fluorescence is being used in
the XRF laboratories at Van de Graff at Nuclear Physics Division, BARC for
characterization of a wide variety of materials in varied applications such as In Material
Sciences such as superconductors, ferroalloys, monazites, rare earth materials, cruds
(corrosion products) from thermal reactors, In Arecheometry and Geology, such as, gems
(rubies and sapphires), museum objects, gold standards In Biosciences such as blood
serum, tissues, spices, banana leaves and stems, coffee seeds, tea leaves, sorghum seeds
and seedlings, wheat leaves, ayurvedic drugs, fertilizer mixtures and cynobacterial cells.

In this talk 1 will give a brief description of the methodology followed which includes the
sample preparation, experimental set up, computations and finally the results and
conclusion for a few of the examples cited above.

The microscopical equivalent of the conventional bulk XRF technique (micro-XRF) is
currently subject to rapid evolution. In this methodology, analysis is based on the
localized excitation of a microscopically small area on the surface of a large sample or
the bulk analysis of a microscopically sized object. The rationale for this development is
several folds as there are a number of intrinsic advantages of the application of XRF as a
microscopical tool.

1 The complex but well understood interaction of X-rays with matter allows for
quantitative analytical results to a degree, which is lacking in most of the other
microscopic analytical methods.

2. In contrast with most other beam methods, high-energy photons can penetrate deep
below the surface of materials and more readily provide data on the bulk sample
composition.

3. X-ray imaging can be done in an air environment on large samples and requires little if
any sample preparation. Non-conducting samples can be analyzed without problem and
X-ray irradiation causes a lower thermal loading or radiation damage than most other
techniques, allowing the non-destructive analysis of sensitive or valuable materials.

4. X-ray equipment is simple in construction in comparison with that of scanning particle
beams.

Keeping in view the advantages | will also discuss on the breakthroughs in XRF
technology- micro XRF using laboratory source that can be used for chemical speciation
of elements and could be used to solve most of the problems faced in analytical sciences.
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IT-4
TOTAL REFLECTION X-RAY FLUORESCENCE AND ITS APPLICATIONS
N.L. Misra*
Fuel Chemistry Division
Bhabha Atomic Research Centre, Mumbai 400 085, India
* E-mail: nlmisra@barc.gov.in, nimisra@yahoo.com

Since its discovery in the year 1895 by W.C. Roentgen, X-rays have played an important
role in analytical sciences and technological developments. Both X-ray Absorption and
X-ray Emission techniques have been used for solving different type of analytical
problems for material characterization. X-ray Fluorescence (XRF) is a well established
non destructive X-ray emission technique for minor and major element determinations in
different matrices and is normally used in two geometries: Wavelength Dispersive X-ray
Fluorescence (WDXRF) and Energy Dispersive X-ray Fluorescence WDXRF). XRF in
both geometries has its own advantages e.g. non destruction of the sample,
multielemental analytical capability and analysis of metals as well as non metals alike.
However both these techniques suffer from two major disadvantages.: comparatively
high background and matrix effect, due to thick samples and penetration of X-rays inside
the sample. Because of these disadvantages the detection limit obtained in XRF is
comparatively higher and matrix matching standards are necessary. Due to these
shortcomings, XRF could never compete with other traditional trace element analytical
techniques in terms of detection limit. A new variant of EDXRF, Total Reflection X-ray
Fluorescence (TXRF) is free from these disadvantages of XRF and is being progressively
used for trace determinations, Microanalysis and Depth profiling.

In TXRF, sample is taken in form of solution and 1-100 (/L aliquot is dried in form of
thin film on a flat polished surface. X-rays fall on this sample at an angle less than critical
angle. Since the X-rays fall at an angle less than the critical angle they get totally
reflected and the sample is excited by incident as well as totally reflected beam to emit
the characteristic X-rays of the elements present in the sample. These X-rays are detected
by a detector kept just above the sample in 0-90 degree geometry. Since the X-ray beam
is totally reflected, it does not penetrate inside the sample support resulting very low
background due to minimum scattering. Also, since the sample is in form of thin film,
matrix effects are negligible. In absence of severe matrix effects in TXRF, the intensities
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of the characteristic lines thus emitted can be calculated accurately and correlated with
the elemental concentration with the help of an internal standard added in the sample.
Due to efficient excitation and lower background, the detection limits obtained in TXRF
are very low compared to XRF. Also, since matrix effects are negligible, the calibration
of the instrument is valid for all type of samples during sample preparation. Because of
its simplicity, multielemental analytical capability, small sample size and analysis of
metals and non metals alike, the technique has shown very good potential for its
application in: Environmental, Metallurgical, Chemical, Nuclear, Forensic, Medical
applications. In Semiconductor Industry, the technique has been used to find out nature
of impurity: Bulk or Surface on Silicon wafers and also their quantification.

In present talk a brief account of the principle of TXRF, instrumentation, sample
preparation, data interpretation and its conversion to elemental concentration shall be
presented. Main Advantages, limitations and current trend in the area shall be also
discussed.

References

E.A. Bertin, Principle and Practice of X-ray Spectrometric Analysis, Plenum Press, New
York, 1984.

R. Klockenk&mper, Total reflection X-ray fluorescence analysis, Chemical Analysis, vol.
140, John Wiley & Sons, New York , 1996.

N.L.Misra, K.D.Singh Mudher, Total Reflection X-ray fluorescence- A technique for
trace Element Analysis in materials, Progress in Crystal Growth and Characterization of
Materials, 45-11 (2002) 65.

IT-5

PIXE Vs NORMAL XRF FOR ANALYSIS OF MATERIALS
V.S.Raju
National Centre for Compositional Characterisation of Materials, (CCCM)

Bhabha Atomic Research Centre, E.C.I.L. Post, Hyderabad — 500 062.

e-Mail; rajucccm@rediffmail.com
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Abstract

The well established X-Ray Fluorescence as an analytical method has been serving the
researchers over the decades, with its improvements and technologies getting
sophisticated and better information yielding viz. TR-XRF, Synchrotron radiation based
XRF. As the demands increased for better quality information in composition, location
and lateral / depth profiles of the analytes at the surfaces / interfaces, the lon Beam
Analytical techniques have shown their superiority over the others in addition to their
non-destructive nature.

Particle Induced X-ray Emission analysis (PIXE), one such IBA technique is used for
determination of major, minor and trace elements in any matrix. It involves bombardment
of the matrix with 2.0 — 3.0 MeV proton beams and measuring characteristic X-rays,
resulting from the interaction of the beam with the target elements. The X-rays from
sample can be detected with a semiconductor detector. PIXE has proven its merits in a
diverse range of fields for providing accurate multi elemental analysis at trace levels
down to tens of ppm. It also has the unique advantage of providing multi-elemental
imaging by nuclear microscopy with a beam resolution of 1-2 microns, opening up new
vistas in environmental and biological sciences besides its applications in materials
science.

In this lecture, the application of PIXE for quantification of elements from different types
of samples from different fields would be shown with examples and compared with the
other X-ray techniques. Its complimentary technique of Particle Induced Gamma
Emission (PIGE) using the same 2 to 3 MeV Proton beam, for simultaneous information
from low Z elements will be discussed. Some recent developments in micro PIXE for
extracting more information on multiple phase analysis, failure analysis will be shown.
Different analysis softwares used for quantification will be explained with specific
examples. The involved nuances in choice of technique, sample preparation, thin and
thick target PIXE, and the complexities in interpretation in diverse fields will be
discussed based on our experience with the 3 MV Tandetron accelerator at CCCM,
Hyderabad.
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IT-6
APPLICATIONS OF XRF IN ELECTRONICS

K.R. Dayas & A. Seema
Centre for Materials for Electronics Technology
Athani P.O, Thrissur- 680771, Kerala, Email: krdayas@cmet.gov.in

Purity of the raw materials and precursors is of great importance to produce high quality,
high reliability and long lasting electronic components and devices which are employed
to produce superior consumer and industrial electronic products.

X-ray fluorescence spectrometer (XRF) is a powerful equipment for the qualitative and
quantitative analysis of trace elements and dopants. For the manufacturing of electronic
products, the presence of impurities and dopants in the semiconductor materials,
piezoelectrics and other electroceramics have a paramount role in deciding the final
properties of the end products. The quantitative content of the functional material and the
impurities are to be ascertained precisely by a suitable method, for which the XRF
analysis is the most dependable method of elemental analysis resorted to in the electronic
industry. For example, the presence of donor dopants like Niobium, Tantalum etc. in
minute concentrations (atomic percentages) transform the insulating characteristics of
barium titanate ceramics to oxide semiconductor having switching PTC characteristics
that can be employed for self regulated heater applications.

The grain size and nature of grain boundary in GBBL capacitors is controlled by the
presence of desired impurities and dopants in the dielectric material. The required
concentration of dopants in the matrix is to be quantitatively estimated and controlled to
get efficient GBBL capacitors. In the piezoceramics, the incorporation of different
dopants and modifiers in the basic Lead Zirconate Titanate (PZT) composition results in
piezoceramics of desired characteristics (Hard and Soft PZT) suitable for sonar
transducers, Multilayer actuators, and ultrasonic devices. In the electro optics also
lanthanum modified PZT functions as optoelectronic devices. XRF analysis is a well
known non destructive analytical technique which can be employed for elemental
analysis of the constituents of the compounds by which the electronic products are

manufactured.
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H-#
APPLICATION OF X-RAY FLOURESCENCE SPECTROSCOPY

(XRF) IN KAOLIN INDUSTRY

Sebastian Binu Thomas,
English Indian Clays Ltd, Trivandrum-21, Kerala E mail: tsebastian@eicl.in

XRF is a powerful analytical method to determine the chemical composition of all kinds
of materials like solid, liquid, powder etc. It has application in almost every field where
chemical analysis has a critical role to play. To name, the areas include mining, metal,
cement, oil, plastics, glass fiber, catalyst, food etc. XRF method is fast, accurate, non-

destructive and requires only minimal sample preparation steps.

In XRF, sample is exposed to X-rays. The sample absorbs the x-rays and re-emits it as
fluorescence. The energy of the fluorescence is characteristic of the element and
intensity of the fluorescence to the concentration of the elements. This enable the XRF to

analyze sample both qualitatively and quantitatively.

Kaolin (AlI203. 2Si02. 2H20) is a naturally occurring material and contains impurities
like oxides of iron, Titanium, Sodium, Potassium, Magnesium etc. The chemical
composition of raw kaolin varies with the mines . The knowledge of its chemical
composition right from the mining of the raw clay to finished product is very important
to cater the need of the user industries. XRF serves this need by giving accurate results in
minimum time, thus becoming an indispensable tool for the chemical analysis in the field

of kaolin processing.

15



X-ray fluorescence (XRF) spectroscopy

(Source: www.learnxrf.com)

The field of X-ray fluorescence (XRF) spectroscopy is challenging and exciting.
XRF was originally used to analyze geological samples. As the technique
developed, with the advancements in computers and technology, XRF found its
place in many different types of analytical laboratories. With advantages such as
easy sample preparation, nondestructive rapid multi-element analysis, and the
ability to screen unknowns in a wide array of sample matrices such as liquids,
solids, slurries, powders, pastes, thin films, air filters, and many others; XRF
offers a perfect compliment to other types of analytical equipment found in the
analytical lab . Because of these advantages the technique has a broad appeal to
research, industrial, and quality assurance analysts.

XRF touches many aspects of our lives indirectly. It is used in the quality control
of many products that we encounter daily. Determination of Fe content in milk
powder and essential minerals found in vitamin tablets are examples of how XRF
plays a role in our health. The ability to screen unknown samples in their raw
form, aids in protecting us from hazardous chemicals, as well as identifying the
elemental composition of evidence from a crime scene. Many other applications
can be found in the applications section in more detail.

Introduction of X-ray Spectroscopy

X-rays were first discovered by Wilhelm K. Roentgen (German physicist, 1845-1923)
who won the Nobel Prize in 1901, for the discovery of x-rays. X-rays have been used for
commercial elemental analysis since the 1950's. X-ray spectroscopy is much older than
that, dating back to 1909 when Charles G. Barkla found a connection between x-rays
radiating from a sample and the atomic weight of the sample. In 1913, Henry Gwyn
Jeffreys Moseley helped number the elements with the use of x-rays, by observing that
the K line transitions in an x-ray spectrum moved the same amount each time the atomic
number increased by one. He is credited for changing the periodic tables which were
based on increasing atomic weight, to periodic tables based on atomic number. He later
laid the foundation for identifying elements in x-ray spectroscopy by establishing a
relationship between frequency (energy) and the atomic number.

The potential of the technique was quickly realized, with half of the Nobel Prizes
in Physics given to the development in x-rays from 1914 to 1924. Originally x-ray
spectroscopy used electrons as an excitation source, but the requirements such as
a high vacuum, electrically conducting specimens, and volatility of the sample
posed major roadblocks. To overcome these problems an x-ray source was used
to promote the fluorescent emission in the sample. Excitation of the sample by
this method introduced roadblocks of its own, by lowering the efficiency of
photon excitation and requiring instrumentation with complex detection
components. Despite these disadvantages, the fluorescent emission of x-rays
would provide the most powerful tool for the analyst using commercial
instruments
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Development of the Commercial X-Ray Spectrometers

Four types of spectrometers are available to the analyst. From the 1950's to
1960's nearly all the x-ray spectrometers were wavelength dispersive
spectrometers. In a wavelength dispersive spectrometer, a crystal separates the
wavelengths of the fluorescence from the sample, similar to grating
spectrometers for visible light. The other x-ray spectrometer available at that
time was the electron microprobe, which uses a focused electron beam to excite
x-rays in a solid sample as small as 107™-12 cm”3. The first microprobe was built
by R. Castaing in 1951 and became commercially available in 1958. In the early
1970's, energy dispersive spectrometers became available, which use Li-drifted
silicon or germanium detectors. The advantage these instruments brought was
the ability to measure the entire spectrum simultaneously. With the help of
computers, deconvolution methods can be performed to extract the net
intensities of individual x-rays

Importance

Sample preparation is by far the most important step in any analytical technique.
How well the sample is prepared and presented will affect the the ability to yield
accurate data from the instrument. X-ray fluorescence is not immune to this
crucial step, despite the ability to correct for standard counting errors,
instrument variation errors, operation errors, and matrix effects. Choosing the
right sample preparation technique will depend on the goals of accuracy and
precision the analyst needs or wishes to attain.

Principles of XRF

Basic Theory
Energy Dispersive XRF (EDXRF)

Wavelength Dispersive (WDXRF)
Electron Microprobe Analysis (m-XRF or EDS)
Nondispersive (NDXRF)
Total Reflection x-ray fluorescence (TXRF) and Grazing emission x-ray fluorescence

(GEXRF)
EDXRF vs WDXRF

Basic Theory of X-ray Fluorescence
X-ray Fluorescence Introduction

Although X-ray fluorescence spectroscopy is no longer regarded as a new
instrumental technique for elemental analysis, ongoing evolutionary
developments continue to redefine the role of this important analytical tool.
From the demonstration of the first principles in the 1960’s to the development of
the first commercial instruments in the 1970’s, the increasing availability of
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affordable computational power has a least been as important to the desirability
and acceptance of the technology as innovative hardware design. With the
widespread availability and use of a 32-bit microprocessor personal computer as
the industry standard platform, X-ray fluorescence spectroscopy has become a
useful and complimentary laboratory tool to other techniques.

X-Ray Fluorescence Theory

An electron can be ejected from its atomic orbital by the absorption of a light
wave (photon) of sufficient energy. The energy of the photon (hv) must be greater
than the energy with which the electron is bound to the nucleus of the atom.
When an inner orbital electron is ejected from an atom, an electron from a higher
energy level orbital will be transferred to the lower energy level orbital. During
this transition a photon maybe emitted from the atom. This fluorescent light is
called the characteristic X-ray of the element. The energy of the emitted photon
will be equal to the difference in energies between the two orbitals occupied by
the electron making the transition. Because the energy difference between two
specific orbital shells, in a given element, is always the same (i.e. characteristic of
a particular element), the photon emitted when an electron moves between these
two levels, will always have the same energy. Therefore, by determining the
energy (wavelength) of the X-ray light (photon) emitted by a particular element,
it is possible to determine the identity of that element.

For a particular energy (wavelength) of fluorescent light emitted by an element,
the number of photons per unit time (generally referred to as peak intensity or
count rate) is related to the amount of that analyte in the sample. The counting
rates for all detectable elements within a sample are usually calculated by
counting, for a set amount of time, the number of photons that are detected for
the various analytes’ characteristic X-ray energy lines. It is important to note that
these fluorescent lines are actually observed as peaks with a semi-Gaussian
distribution because of the imperfect resolution of modern detector technology.
Therefore, by determining the energy of the X-ray peaks in a sample’s spectrum,
and by calculating the count rate of the various elemental peaks, it is possible to
qualitatively establish the elemental composition of the samples and to
guantitatively measure the concentration of these elements.

Energy Dispersive X-ray Fluorescence
Introduction
Hardware

Applications
Advantages and Disadvantages

Introduction

Energy dispersive x-ray fluorescence (EDXRF) relies on the detector and detector
electronics to resolve spectral peaks due to different energy x-rays. It wasn't until
the 1960's and early 1970's that electronics had developed to the point that high-
resolution detectors, like lithium drifted silicon, Si(Li), could be made and
installed in commercial devices. Computers were also a necessity for the success
of EDXRF even if they where often as large as the instrument itself
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Hardware

EDXREF is relatively simple and inexpensive compared to other techniques. It
requires and x-ray source, which in most laboratory instruments is a 50 to 60 kV
50-300 W x-ray tube. Lower cost benchtop or handheld models may use
radioisotopes such as Fe-55, Cd-109, Cm-244, Am-241 of Co-57 or a small x-ray
tube. The second major component is the detector, which must be designed to
produce electrical pulses that vary with the energy of the incident x-rays. Most
laboratory EDXRF instruments still use liquid nitrogen or Peltier cooled Si(Li)
detectors, while benchtop instruments usually have proportional counters, or
newer Peltier cooled PIN diode detectors, but historically sodium iodide (Nal)
detectors were common. Some handheld device use other detectors such as
mercuric lodide, CdTe, and CdZnTe in addition to PIN diode devices depending
largely on the x-ray energy of the elements of interest. The most recent and
fastest growing detector technology is the Peltier cooled silicon drift detector
(SDD), which are available in some laboratory grade EDXRF instruments.

After the source and detector the next critical component are the x-ray tube
filters, which are available in most EDXRF instrument. There function is to
absorb transmit some energies of source x-rays more than other in order to
reduce the counts in the region of interest while producing a peak that is well
suited to exciting the elements of interest. Secondary targets are an alternative to
filters. A secondary target material is excited by the primary x-rays from the x-ray
tube, and then emits secondary x-rays that are characteristic of the elemental
composition of the target. Where applicable secondary targets yield lower
background and better excitation than filter but require approximate 100 times
more primary x-ray intensity. One specialized form of secondary targets is
polarizing targets. Polarizing XRF takes advantage of the principle that when x-
rays are scattered off a surface they a partially polarized. The target and sample
are place on orthogonal axis' to further minimize the scatter and hence the
background at the detector.

Fixed or movable detector filters, which take advantage of non-dispersive XRF
principles, are sometimes added to EDXRF devices to further improve the
instruments effective resolution or sensitivity forming a hybrid EDX/NDX
device.

Applications

EDXRF can be used for a tremendous variety of elemental analysis applications.
It can be used to measure virtually every element form Na to Pu in the periodic
table, in concentrations ranging from a few ppm to nearly 100 percent. It can be
used for monitoring major components in a product or process or the addition of
minor additive. Because XRF's popularity in the geological field, EDXRF
instruments are often used alongside WDXRF instruments for measuring major
and minor components in geological sample.
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Wavelength Dispersive X-ray Fluorescence
Introduction
Hardware

Applications
Advantages and Disadvantages

Introduction

Wavelength dispersive x-ray fluorescence (WDXRF) is the old timer among
commercial x-ray spectrometers, since the method works without high-resolution
solid-state detectors. Instead, WDXRF instruments rely on diffractive optics to
give them high spectral resolution. WDX spectrometers with simple electronic
counting circuits were around well before the computer age, and are still the
workhouse and leading performer for routine XRF analysis.

Hardware

WDXREF can be relatively simple and inexpensive, or complex and very expensive
depending on the number of optical components. WDX instruments use a x-ray
tube source to directly excite the sample. Because the overall efficiency of the
WDXRF system is low, x-ray tubes in larger systems are normally rated at 1-4
kilowatts. There are some specialized low power systems that operate at 50 to
200 watts. A diffraction device, usually a crystal or multilayer, is positioned to
diffract x-rays from the sample toward the detector. Diffracted wavelengths are
those that satisfy the 2dnsin ? relationship, where d is the atomic spacing within
the crystal, n is an integer, and theta is the angle between the sample and
detector. Other wavelengths are scattered very inefficiently. Collimators are
normally used to limit the angular spread of x-rays, to further improve the
effective resolution of the WDX system. Because the detector is not relied on for
the systems resolution it can be a proportional counter or other low-resolution
counter capable of detecting a million or more counts per second.

All the components can be fixed to form a fixed single WDX channel that is ideal
for analyzing a single element. A simultaneous WDX analyzer will have a number
of fixed single channels usually formed in a circle around the sample with the x-
ray tube facing upward in the middle. Other WDX analyzers use a goniometer to
allow the angle (?) to be changed, so that one element after another may be
measured in sequence. This type of instrument is a sequential WDX analyzer.
There are also combined sequential/simultaneous instruments as well.

Applications

WDXREF can be used for a tremendous variety of elemental analysis applications.
It can be used to measure virtually every element form Na to Pu in the periodic
table, and some instruments can be used for quantitative or semi-quantitative
work for even lighter elements. It can measure elemental concentrations ranging
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from a few ppm to nearly 100 percent. It can be used for monitoring major
components in a product or process or the addition of minor additives. WDXRF
is extremely popular in the geological field and is often used for measuring raw
minerals, and finished products composed of minerals

Electron Microprobe Analysis ( -XRF or EDS)
Introduction
Hardware

Applications
Introduction
Microx-UD\ IOXRUHVFHQFH —;5) JHWV LWV QDPH EHFDXVH W
designed to analyze very small spot sizes. They are fundamentally like EDXRF
systems, and have seen a similar development path through the years. There are a
QXPEHU RI GLITIHUHQFHY EHWZHHQ —;5) DQG (';5) WR PDNH
classify them separately.

Hardware

7KH W\SLFDO —;5) Ne VivaHPDX Bavdwdre, but has several key

differences, most notably, downward facing optics. Special x-ray tubes are used

with a smaller spot size on the target, so that there is less beam spread after

collimation. Usually direct incident radiation is used, because filters tend to make

the x-ray pattern broader. Systems usually have several collimators ranging from

12 microns to a millimeter or more, and can automatically switch between them.

Polycapillary optics that focus the x-rays are becoming increasing common in

high end systems, and they are capable of producing spot sizes in the 50-200

micron range at much higher x-ray flux rates than with an ordinary through hole

collimator. Samples are normally presented on a movable XYZ stage that can be

manually operated in some low cost systems, or automatic and programmable in

KLIJIKHU HQG V\VWHP 7KH PRVW VRSKLVWLFDWHG —;5) DQI
sample producing a dot map of the surface. Cameras and lasers are typical

devices used to aid in sample positioning. The detectors can vary from

proportional counters in the low end systems to PIN diodes, Si(Li), or SDD
GHWHFWRUV LQ KLJKHU HQG V\VWHPV 7KHUH LV HYHQ D
optics.

Applications

The biggest application by far is plating analysis, particularly for analyzing
printed circuit boards. Literally thousands of instruments have been sold into this
application, primarily for analyzing copper, gold, and tin-lead solder. But there
are numerous other applications, and more sophisticated plating analysis
systems can measure several layers at once.

High-HQG —;5) V\VWHPV DUH QRUPDOO\ VROG LQWR IRU
archeological applications. These systems can do an excellent job of elemental

fingerprinting to either match evidence taken from a crime scene or match

materials from a painting or other work of art with known authentic materials
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Nondispersive X-Ray Fluorescence (NDXRF)
Introduction
Hardware
Example Application

Introduction

Non-dispersive x-ray fluorescence (NDXRF) got its start in the 1920's when Ross
and other experimenters discovered that they could isolate an x-ray line for an
element by using two filters made of different elements over two detectors. One
filter absorbs the elements x-rays, while the other transmits them. The difference
in counts between the two matched detectors with balanced filters is the net
intensity and is related to that elements concentration. When combined with
earlier work that demonstrated that elements could be measured by measuring
total x-ray intensities from some simple samples, a new and powerful method
was born. Unfortunately it was almost 50 years later when small microprocessor
based analyzers were built in the 1970's that NDXRF started to make a
commercial impact.

Hardware

NDXRF has the least expensive hardware of any of the XRF methods, because it
only requires a few low costs components. It needs an x-ray source, usually either
a radioisotope such as Fe-55, Cd-109, Cm-244, Am-241 of Co-57, or a small x-ray
tube. And it requires a detector such as an ionization chamber or Geiger-Mueller
Counter, which does not need to be energy dispersive. While Ross used two
detectors, the more common approach is to use a single detector and use a filter
wheel or tray to position the filters over the detector in sequence. In addition to
the Ross method a single filter (Hull Method) or no filter at all may be used to
measure some elements.

In commercial devices it is most common to see a proportional counter used as
the detector since it is a low resolution EDXRF detector. The advantage of a
proportional counter is that it can be configured to not count the backscattered
source x-rays making the overall background counts substantially lower. At the
same time a proportional counter instrument may be used for EDXRF analysis,
making it a hybrid EDX/NDX instrument. With x-ray tube source devices, x-ray
tube filters may be used in combination with specially selected target anodes to
produce optimal sources for exciting the elements in a sample. The non-
dispersive XRF method is very powerful, and cases where an appropriate filter
pair exists and can successful isolate an elements wavelength it is often possible
to match the performance of a WDX analyzer at a tenth the cost using 100 times
less source intensity.

Example Application

22



One of the most common applications is measuring phosphorus, sulfur and chlorine in
oil. Generally either a Fe-55 radioisotope, or an x-ray tube with either a Pd, Ag, or Ti
target is used to excite those elements. By looking at the absorption edges for various
materials it is easily seen that chlorine has an absorption edge above chlorine in energy,
sulfur has and absorption edge between chlorine and sulfur, and phosphorus has an
absorption edge between sulfur and phosphorus. X-rays do not readily excite hydrogen
and carbon in the base matrix and the detector windows readily absorb their x-rays, and
so they aren't measured.

In this case chlorine can be measured by using chlorine as a transmitting filter
and sulfur as an absorbing filter. The difference between the counts of x-rays off
the oil sample and through the filter correlates to the chlorine concentration. The
filers are electronically balanced by measuring the intensity on a blank and
introducing a coefficient that when multiplied by one intensity yields zero net
count. Similarly a sulfur and phosphorus pair of filters can be used to measure
sulfur. A single filter can be used to measure phosphorus since there are usually
no measurable elements below phosphorus that would produce counts.

The matter is confused somewhat because it is difficult to produce good sulfur
and phosphorus filters, so usually an element with an L absorption edge at the
appropriate energy is used instead, Mo or Nb for S, and Zr for P. Since the heavy
metals are denser the filters are usually much thinner than their K absorption
edge counterparts.

Total Reflection X-Ray Fluorescence (TXRF)
Introduction
Hardware
Advantages and Disadvantages

Introduction

Total Reflection x-ray fluorescence (TXRF) and the fundamentally related
Grazing emission x-ray fluorescence (GEXRF) rely on scatter properties near and
below the Bragg angle to reduce background intensities and improve detections
limits an order of magnitude or more over more traditional XRF instruments. If
light is directed at a smooth surface at a very small angle (typically less than 0.5
degree for x-rays) virtually 100% of the light will be reflected at an equally small
angle. This is the same principle relied on for polycapillary optics. A few x-rays
will excite atoms immediately at the surface, and those atoms emit their
characteristic radiation in all directions. Because there is virtually no backscatter
into the detector, extraordinary detections limits can be achieve.

GEXRF turns the theory around and takes advantage of the fact that when x-rays
are directed at a surface they will not be scattered at an angle below the Bragg
angle. A detector that only detects x-rays coming off a surface at an angle less
than the Bragg angle, will only detect fluorescence x-rays and not background
scatter.

Hardware
TXRF instruments are usually very sophisticated and expensive pieces of
equipment with finely tuned optics. The x-ray tubes are usually very high in
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power, several kilowatts, and must have a small spot size on the anode. A long
collimator or wave-guide is needed to restrict the angle to less than the Bragg
angle. Using multilayers in the wave-guide can improve the efficiency. The
sample needs to be finely and reproducibly polished and positioned precisely
with respect to angle and height. A detector is positioned above the surface. Given
the sophistication of these systems, Si(Li) or other high resolution detectors are
used in most systems.

Some people prefer the GEXRF variation. The x-ray tube can be directed at the
sample with little regard to spot size or angle. This saves on a lot of hardware
expense. A detector and collimator assembly is positioned so that only x-rays
coming from less than the Bragg angle are counted.

Advantages and Disadvantages

While these techniques can achieve amazing performance, they are seldom used.
The principle problems are that only a few products are suitable for TXRF
analysis without a substantial amount of sample preparation. The other problem
is that the optical alignment is so critical that minor vibrations and temperature
changes make it necessary to re-align the optics, and/or calibrate the instrument.
These problems, in addition to the high cost of most existing systems, have
limited the use of these techniques to date

EDXRF vs WDXRF

In an effort to save money, space, sample preperation time, or simply to add an
analytical instrument to their process many companies will decide to evaluate
energy dispersive x-ray fluorescence (EDXRF) analyzers as a substitute for their
standard wavelength dispersive x-ray fluorescence (WDXRF) analysis. This is
very common with geological applications where WDX is the benchmark, but it
occurs with many other applications as well. What all these companies eventually
discover is that EDXRF is not the low cost drop in replacement that they thought
it would be but has significant differences, some positive and some negative, that
must be considered in the evaluation process or else dealt with later when it may
be less convenient.

More than just the backwards spectra

As most scientifically minded persons know, the energy of the light photon
increases as the wavelength decreases, so in an EDX spectra the low atomic
number elements are on the left while they are to the right of a WDX spectra. But
the difference goes far beyond that.
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WDXRF

The WDXRF analyzer uses a x-ray source to excite a sample. X-rays that have
wavelengths that are characteristic to the elements within the sample are
emmitted and they along with scattered source x-rays go in all directions. A
crystal or other diffraction device is placed in the way of the x-rays coming off the
sample. A x-ray detector is position where it can detector the x-rays that are
diffracted and scattered off the crystal. Depending on the spacing between the
atoms of the crystal lattice (diffractive device) and its angle in relation to the
sample and detector, specific wavelengths directed at the detector can be
controlled. The angle can be changed in order to measure elements sequentially,
or multiple crystals and detectors may be arrayed around a sample for
simultaneous analysis.

EDXRF

The EDXRF analyzer also uses an x-ray source to excite the sample but it may
be configured in one of two ways. The first way is direct excitation where the x-
ray beam is pointed directly at the sample. Filter made of various elements may
be placed between the source and sample to increase the excitation of the
element of interest or reduce the background in the region of interest. The
second way uses a secondary target, where the source points at the target, the
target element is excited and fluoresces, and then the target fluorescence is used
to excite the sample. A detector is positioned to measure the fluorescent and
scattered x-rays from the sample and a multichannel analyzer and software
assigns each detector pulse an energy value thus producing a spectrum. Note
that there is absolutely no reason why the spectra cannot be displayed in a
wavelength

dependant graph format.

Points of Comparison

1. Resolution: It describes the width of the spectra peaks. The lower the resolution
number the more easily an elemental line is distinguished from other nearby x-ray line
intensities.

a. The resolution of the WDX system is dependant on the crystal and optics design,
particularly collimation, spacing and positional reproducibilty. The effective resolution of
a WDX system may vary from 20 eV in an inexpensive bench topto 5eV or less in a
laboratory instrument. The resolution is not detector dependant.

b. The resolution of the EDX system is dependent on the resolution of the detector. This
can vary from 150 eV or less for a liquid nitrogen cooled Si(Li) detector, 150-220 eV for
various solid state detectors, or 600 eV or more for gas filled proportional counter.
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ADVANTAGE WDXRF —

High resolution means fewer spectral overlaps and lower background intensities.
ADVANTAGE EDXRF — WDX crystal and optics are expensive, and are one
more failure mode.
2. Spectral Overlaps: Spectral deconvolutions are necessary for determining net
intensities when two spectral lines overlap because the resolution is too high for
them to be measured independently. a. With a WDX instrument with very high
resolution (low number of eV) spectral overlap corrections are not required for a
vast majority of elements and applications. The gross intensities for each
element can be determined in a single acquisition. b. The EDXRF analyzer is
designed to detect a group of elements all at once. The some type of
deconvolution method must be used to correct for spectral overlaps. Overlaps
are less of a problem with 150+ eV resolution systems, but are significant when
compared to WDXRF. Spectral overlaps become more problematic at lower.
resolutions.

ADVANTAGE WDXRF — Spectral deconvolution routines introduce error due to
counting statistics for every overlap correction onto every other element being

corrected for. This can double or triple the error. 3. Background: The
background radiation is one limiting factor for determining detection limits,
repeatability, and reproducibilty.

a. Since a WDX instrument usually uses direct radiation flux the background in
the region of interest is directly related to the amount of continuum radiation
within the region of interest the width of which is determined by the resolution.
b. The EDXRF instrument uses filters and/or targets to reduce the amount of
continuum radiation in the region of interest which is also resolution dependant,
while producing a higher intensity x-ray peak to excite the element of interest.
Even - WDX has an advantage due to resolution. If a peak is one tenth as wide it
has one tenth the background. EDX counters with filters and targets that can
reduce the background intensities by a factor of ten or more.

4. Source Efficiency: How efficiently the source x-rays are utilized determines
how much power is needed to make the system work optimally. Higher power
costs more money.
a. Every time an x-ray beam is scattered off a surface the intensity is reduced by a
factor of 100 or so. For any XRF system intensity is lost in the process of exciting
the sample, but a WDX analyzer also looses a factor of 100 in intensity at the
diffraction device, although some modern multi layers are more efficient. The
sample to detector path length is often 10 cm or more introducing huge
geometrical losses.
b. With direct excitation the EDX system avoids wasting x-ray intensity. When
filters are used the 3 to 10 times more energy is required, and when secondary
targets are used 100 times more energy is required making the total energy
budget similar between Seconday target EDX and WDX systems before the path
length is considered. An EDX system typically has sample to detector path
lengths less than 1 cm.
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ADVANTAGE EDXRF — In order to achieve similar counts at the detector a WDX
system needs 100-1000 times the flux of a direct excitation EDX system and 10-
100 times the flux of a secondary target system. This one principle reason WDX
systems cost more.

5. Excitation Efficiency : Usually expressed in PPM per count-per-second
(cps) or similar units, this is the other main factor for determining detection
limits, repeatability, and reproducibility. The relative excitation efficiency is
improved by having more source x-rays closer to but above the absorption edge
energy for the element of interest.
a. WDXRF generally uses direct unaltered x-ray excitation, which contains a
continuum of energies with most of them not optimal for exciting the element of
interest.

b. EDXRF analyzers may use filter to reduce the continuum energies at the
elemental lines, and effectively increasing the percentage of x-rays above the
element absorption edge. Filters may also be used to give a filter fluorescence line
immediately above the absorption edge, to further improve excitation efficiency.
Secondary targets provide an almost monochromatic line source that can be
optimized for the element of interest to achieve optimal excitation efficiency
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