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ABSTRACT

X-RAY FLUORESCENCE
INSTRUMENT CALIBRATION
Theory and Application

Brian Lee Francom
Department of Physics

Bachelor of Science

This report unveils all the measures taken to fully implement and calibrate the newly
installedx-ray fluorescenceXRF) detectorin the BighamY oungUniversity-ldahox-

ray diffraction XRD) instrument X-ray andXRF theories araliscussed Different
calibraion methods discuses includelinear and quadratic approximatginear and
cubis spline interpolatios, and optimization LabMEW 7.1 programmingcode is
explained Resulting XRFmeasurements are comparweith acceptedraluesand show

a calibrationwith a mean erroof +0.03keV.
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Chapter 1

Chapter 1 Introduction

1.1 History of XRF

X-ray fluorescencéXRF) hasbeenproven to be a very useful technique for elemental
analysis ofmateriak. Since its early beginningthe field of XRF has blossomed into
one of the most important tools in matesiahalysis. The benefits of using XRF
rather than a traditionahalysis method are that it is quick, rdestructive, and all
inclusive (multiple tests are not required).

The power of XRF analysis was first realizbg Henry Moseley in 1912,
seventeen years after Wilhelm Rontgen had discovered g Moseley found that
it was possible to excite sampleand gather information from the-rays being
emitted. Although Moseley was using electrons to excite dample it was realized
years later that-xays could be useidstead The use ok-rays had a great advage
over the use of electrons; when electrons were used, it was only possible to analyze
materials with a very high melting poiftecause of the inefficient energy conversion
by electrong1]. After this discovery, a greater variety of materiatse embled to be
analyzed, making XRF an even more versatile analysis method.

1.2 Basic XRF Setup

The setup of XRF instrumentation is really quite simple; it generally consists of four
basiccomponent$l]:

1. An excitation source

2. Asample

3. A detector

4. A data collection andnalyzingsystem

The excitation source is typically anray tube, but a radioactive isotopeay
also beused the BYUWIdaho XRF instrument uses an-ray tube The xray tube
sends a beam ofrays with \arious energies to threampe, andthe sampleabsorbs
and emis the xrays to the detector. The detectonses eaclimpinging x-ray and
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sendselectrical pulsego the data collection and analyzing system. The analyzing
system categorizeeach xray by its energy. Therhe datais collected and stored

this is ypically done with a computgFigurel).

An XRF measurememssentially givetwo pieces of informationThe energy
of anx-ray, and how many-rays were received (count numherintensityfor that
energy. Whengrapted in a spectrumthe energy of the -rays isthe independent
variable andthe count number e dependent variableA typical spectrunof such

datawill show one or more peaks for each elenmetent irthesample(Figure?2).

X-rays _--~
v o
| 3 //’
N
[ ~ Computer (Dad
. R llection and stor
¢ - collection and storag
~ sl
Sample AT

Detector, Analyzer

Figure 1 The components dfasicXRF instrumentation setupA picture of thesetup isshownin Figure12.

Intensity

Energy

Figure 2 A simplistic spectrum. Each paif peaksypically representeneelement in thesample
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While the XRF method is very quick and efficient, it can algive very
inaccuratereslts if the instrumentis not calibrated correctly. This a result of two
particularsystematic errorsFirst, heinstruments not perfect and tends twift from
previous calibrations, ansecond characteristic xay energies are not totally unique
to an element and often overlapthviother characteristic-says, as illustratedin
Section2.1.2 These tweerrorscan be resolved by implementing a good calibration
program and using ias often as necessaryBYU-Idaho hasan x-ray diffraction
(XRD) instrumentwhich islocated in the Geology Departmeabbratory(Figure 3).
Since it was recentlgdapted talsoperform XRFwith a newly installedAmptek x
rayygamma raydetectoy a poper calibration needed to be implementéchis work
focuses on the measures taken to appropriately calibrate theldd XRF
instrument.

Figure 3 The BYU-Idaho XRF/XRDinstrument

After calibration methodsvere rese@hed anda better calibration program
was create@ndimplementedthe XRFmeasurementsicreased in accuracyBecause
of this calibration, users are nosnablel to collectreproducibledatawith a mean
error of £0.03 ke\and aminimum error ot:0.01 keV/.
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Chapter 2 Review of Theory

2.1 XRF Theory

2.1.1 Elasticand InelasticX-ray Scattering

X-rays can interact with matter in several different ways; #astionwill focus on
only the twomost commoninteractons which are elastic and inelastic scattering.
Scattering refers to the dispersed radiation that comes as a result of these interactions

[1].

Elastic scatteringalso referred to as coherent or Rayleigh scattedogurs
when an xray collides with a electron in an atonand no energy is lost in the
collision. In this case,le xray is bestthough of as an electromagnetic wave. An
electron in the atoris oscillated in this wave, arttle oscillating electron wilradiate
an electromagnetic wave tifie exactsameenergyas theincident x-ray. This re
radiated xray generallyleaves the atom in a random direction.

Inelastic scattering,also referred to as incoherent or Compton scattering
occurs wheran xray collides with arelectron in aratom anl its energyis transferred
in whole or in partto the electron In this case, the-say is best thought of as a
photon. This photon can eithébump the electron into higherbital energiesor eject
the electron completely from the atonThe incidentx-ray photon willthen deflect
away from the atom with a corresponding lossrérgy(Figure4).

The casen whichthe incident xray has sufficient energy &jectthe electron
from the atonis calledthe phobelectric effect As a result of thigffect, the atoninas
an electron vacancy and eésnsidered to ben an unstableenergystate Since XRF
involves the study ofx-rays emitted fromunstableatons (see ®ction 2.1.2), the
photoelectric effect is instrumentad XRF in providing these unstabémergystates.
Electrons which are ejected due to the photoelectron effect can be studied-tasmg x
photoelectron spectroscof¥PS).

To visualize how arelectronreacts to inelast collisionstheatond s el ectr oni
structureis modeledwith various electron shells surroundg the nucleus. The
innermost shell is called the-ghell, the second innermost shell is called thghéll,
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and so forth. These shells represent diffeemstrgies for orbitals having differing
guantumnumbern. Other discrete energies exist within each stwblich are due to
different subshells (orbitals adenticaln but differingl) within each shell. However,

the energy dierences betweesubshellsaretypically less than 0.50 keVThe easiest
unstableenergystate to visualize is one in which the electron from Khshell is
ejected which is also the most commonly occurristatein XRF; this is called a K

shell vacancy as shown inFigure 4(a). Because of conservation of energy, the
unstable atom will adjust its electron configuration to compensate for the lost energy.
This phenomenoims discussedn the nextsection.

2.1.2 Characteristic Radiatioand its Measw@ment

Every element has a set of characteristiays. A characteristic xay hasa very

specific energy that is unique to an elemebr example, if anxay is measured to

have energy of 6QtkeV, it is very likely that xray wasemittedfrom an ironatom.

Therefore, a characteristieray can behoughtofas an el ement 6s fit humbpr |

In the previous section, it was mentioned thairamdentx-ray of sufficient
energy will ejectan electron from an atonleaving a vacancy.The atomwill then
adust its electron configuration to be in tl®vest energystate;in other wordsan
electron ina highershell will drop down tofill the vacancy. The process of an
electron filling the vacancy crezt an xray which is characteristic of a specific
electon transition for that eleme(iEigure4(b)).

Incident
X-ray

Ejected
electron

() (b)

Figure 4 A simplistic model of the XRF process.) (@an incidentx-ray ejects the Kshell electron. (bThe aton
returns to ground state by transitioning asHell electron to th&-shell.

Characteristic

X-ray

Typically, most electron transitions occur from theshell to theK-shell,
which 1is ¢l assi f iThedecond most cokhitdon elecaom sranditiono n .
occurs from te M-shell to theK-sh e | | , whi ch i stransitiom 9woi f i e d as F
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other common transitions are theM-shdl and L
to the L-shell, and from theN-shell to thelL-shell, respectively). When an atom

returns to its grund state, itypically does so usingiore than one electron transition

As shownin Figure 5, XRF measurementare mainly concerned with the four
transitionsbecause they are tineost common and they are thesheasily seen, while

other transitions have characteristic energies that are out détbetable rangef the
BYU-ldahoXRF instrument(Figure5).

Figure 5 Four common electron transitionsed in XRF measurements

One can notice by looking atableof characteristic xay energies hat t he KU
and LU ener gi e sarefvery simiea(see AppehdeQ) ¢7h [8]s For
exampl e, t hei tkddn ieunne r (g4y. 501f0 tk e V) i's very ¢
barium (4.467keV); this introduces a difference of only 0.043 k&Y. Thus, a need
arises fobetter calibrationn order to resolve overlapping energies.

2.1.3 Continuous Radiation

In every XRF measuremewherean xray tubeis used for the excitation sourcae
broad range of energiés observed producing anonlinear backgroundnoisein the
spectrum. The radiation that causes this called continuous radiation or
bremsstrahlungl Ge r ma brakihgoadiatiérd). In the xray tube, electrons are
accelerated ovea large paential difference followed by rapid deceleration at the
anode From this,a continuais range of xays are producethat may provide for
excitation of many different atoni§]. The noise created from continuous radiation
does not impede measuremergroviding the peaks of interest are relatively more
intense than theoise(Figure6).
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Intensity,

N

/ Kb peals

bremsstrahlung

Energy

Figure 6 A simplistic spectum with peaks from two elementsTypically, each eleent in thesamplewill have
pronounc&d KsdTakaomtinuous radiatiarf noisein the spectrum is calldsremsstrahlung

2.2 Calibration Theory

Sincecharacteristicx-rays are the main factorin making an XRFmeasurement, it is

essential tde able tcaccurately masuretheir energies; this can only be done after a

calibration is performed. In this case, the guipment needing calibration ighe
detector andnulti-channel analyzgMCA) system

Oncean xray impinges orthe detectqgrthe detectosendsan electrial pulse

to the MCA. One can think of the MCA as a desktop coin sorter. Just as the coin
sorter will place ach coin in its appropriate bhe pendi ng
din p-taya in @soappeojpriatehanneldepending on the-xk ay 6 s

MCA wi ||

on

t he

energy. The dateecordeds an array of numbers, each number representingptale
count of xrays for that energyintensity). The number placement in the array

represents thehannehumber, in ascendingrder(Figure?).

NN N NN NN N NN NN NN N

1]12]1

1

3
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1
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3

1

1

0

0

5 keV

10 keV

Multi-Channel Analyzer

15 keV

20 K

Figure 7 A detailedview of the multichannel analyzgiMCA). The small boxes represestitannet. The numbers

represent a count ofrays for a specific energy.

CoOi



Chapter 2

A calibration is a proess in which specific energy values are assigned to the
correctchannel in the MCA This is done by sendingrays of known energy values
to the MCA,; once the usaientifiesthe channe$ where thex-rays were sorted, he or
she can assign the kmo energyalues to thosehannes. Since it is not practical to
assign energy values to eachannelmanually, the calibration process consists of
identifying six to eightthannet with known energy values and then applying a curve
fitting technique to those dagoints. Through this method, all tiebanned in the
MCA can be calibrated indirectly.

Many calibration methodsgxist. Forthis work it suffices to review three
methods. Each method assumes tiacalibration datdnas at leastix data points.

2.2.1 Linearand Quadrati@pproximations

A linear or quadratic approximation isne of the mostgeneral curvefitting
techniqus. In cases wherthe data appear to be linear, a linear approximatnbe
sufficient To do this one would apply the leastjuaregegression equations to find
the slope and intercept of thited line. These equations are

y=mx+b (1)
S

m:rs—y 2

b=y- mx (3)

Equation (1) represents the linear fit whereepresents thehannelnumber
(independent variableaindy represents the ener§yependent variable)The symbols
s, and s, arethe sample stalard deviations of thehanneldata anche energy data

respectively;m is the slope of the lineh is the yintercept of the lingr is the
correlation coefficientand x, y are themeanx andy values[2].

A linear approximation is the easiest calibration to perform, but it also
introduces the most error @it +0.1 keV); this results because MEA does not
have a perfect linear correlation between energycdashnelnumber. Thereforat
doesnot result inthe desiredaccuracy Figure 8). A slightly better approxnation is
done with a quadratiteastsquares regressipget this still results in a higher error
than what is desireayith an error of about £0.05 keVThis resultecause trse two
approximatiormethod fit a single curve to theholedataset.
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Energy

Channel Number

Figure 8 The linear approximation method.

2.2.2 Linearand CubicSplinelnterpolation

The splineinterpolationmethodis used to interpolate betweewery data poinfor a

more accurate calibratiofit is alsoused for extrapolationear the end points of the
graph). This method has the advantage of uniquely fitting a line between pairs of data
points; hence, it is not a general fit like the approximation methéd.linear
interpolation involvedaking two da& pointsandfitting a line between thos@oints
(Figure 9). This is done for every gap betwe&wo adjacentdata points The
equatios for the linear interpolation are the same as equations (1), (2), and I§8), on
using two data points at a time.

The cubic spline interpolatiormethod involveghe same design as the linear
interpolation, only creating polynomials for tlearve fitting [3]. This requires that
three or more points are uséat eachcalculation(Figure 10). For a cubic spline
interpolation

y = Ay, + By, +Cyj + Dyii 4)
where
A= X B=1- A 5)
X=X
1 3 2 1 3 2
C= (A Afx - x) D=2(8°- BJx - x,)

Similar to thelinear interpolation,x is the independent variableh@nnel
number), and/ is the dependent variable (energy). TihectionsA, B, C, andD are

1C
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used as substitutions to the main equafnand are all functions af. Using he
cubic spline interpolabin methodthe error is reducei about+0.02keV.

Energy Enegy

Channel Number Channel Number

Figure 9 The linear interpolation method. Figure 10 The cubic spline interpolation method.

2.2.3 Optimization Method

In principle, he optimization methodvould provide the most accurate calibration by
usingthe whole data set taken from the calibrasamplerather tharsix to eight data
points as used in the approximation and spline interpolation methddsthe
optimization methodthe calibration spectrum isomparedpoint by pointwith a
predictedspectrumwhich simulateswhat the calibration spectrushouldlook like.

As the two spectra are compared, the calibration specisuadjusted to achieve
minimum errorwith respect tohe predicted spectrum The goal is to provide a
calibration spectrumthat has a very high correlation coeifiat with the predicted
spectrum

In order to create aredictedspectrum a correct set of all the peaks would
need to be modeled; this wouldclude the proper modeling of the peak intensities.
Also, a proper bremsstrahlungwould need to be modeled and included in the
spectrum. Thereexists a detailed artichich descriles the appropriate methods for
peak simulation by E. D. Greaves, al [4]. While the optimizationmethod could
reduce the error to £0.01 keV or better, simulatingredictedspectrum is difficult
and time consumingTherefore, the optimization method is not practical in this case.

2.2.4 CalibrationSample

The calibrationsamplepreferablycontairs an adequataumber ofelements to provide
sufficient peaks for calibrationtypically, there areat leastsix to eightpeaksin the

11
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spectrum Thesepeaksshouldbe separatedrom other peakby at least 3 to 4 ket
avoid confusion in assigning peals to their corresponding elems. The
concentration of each elemesihould be adjustedsuch that all peak intensitiese
approximatelyequal

A calibration sample made from a variety of compoundsshould be
homogeneous. d'ensure thissidone, b compounds to be includedecrushed into a
fine powderusing a mortar and pestleThe mixtureis then made into a slurysing
acetonesetinto asampleplate andsmoothed outo dry, the sample platallows for
easy insertion into the XRFnstrument. A well prepare@nd easily accessible
calibration samplevill improvethe calibration procedure.

12
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Chapter 3 BYU-Idaho XRF Instrumentation

3.1 Previous Work

This work mainly follovs that of Lance Nelson and David Oliphant. Lamgson
worked to install a new XRD detector which was donated to Bdaho. His study
was focused onthe anatomy of xay detectors and thempplication[5]. David

Oliphanthas spent muctime installing and implementiran Amptek XRF detectoin

the XRF/XRD instrument, and it igeady for calibation and measurementsSigure
11).

Amptek, the company that producte XRF detector and tHdCA, provides
softwareto run both of these componentsThis softwarehas been istalledon the
computer in the XRF laboratary The software enables the user to easily run an
experiment and record the dat The software also includesbuilt-in linear and
guadraticapproximatiorcalibraton feature. After some use of this calibratideature,
we concluded that it cdédinot provide an accuracy 0001 keV.

3.2 Specifications

The xray tube in thanstrumentproduces xays with energiesip to about 30 keV.
The XRF detector isot very sensitive in theange between 0 keV andkgV, and

measurements in this range tend to be quitdblemati¢c consequentlydatain this

range do not senfer accurate XRF measurements andtgpéally ignored

The MCA has a total of 16,000 channels; this allows a maximum resolution of
about 0.003 keV pechannel. The resolution can be adjusted using the Amptek
software;the maximum resolutiortan be obtained when the 16,000 channel option is
selected. We have chosen to use the 8,000 channel option bedamsem errors of
+0.01 keVcan stillbe obtaired with this resolution, and the XRF measurements take
about half the amount of time on this setting compared to using the 16,000 channel
option.

13
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Figure 12 An inside look of the XRFnstrument At top middle
is the xray tube. At right is theamplefor testing. At bottom
left is the XRF detector

14
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Chapter 4 Study

4.1 The Best Calibration Method

Observation indicatedhat the most efficientalibration would result from using a
cubic spline interpolatiorthis method gives the desiredcuracy, and.abVIEW 7.1
hasa builtin spline interpolation function whidl easy tause We concluded tht the
linear and quadratic approximat®mand the linear interpolationdo not give the
desired accuracy Using the optimization methodcan give an equally or more
accurate cdlfiration thana spline interpolation, but thenderlying mathematicsand
codenecessary for this method were impracticBherebre, for sakes of accuracy and
time, a cubic spline interpolation method was used and implemented.

4.2 Code Development

4.2.1 LabVIEW 7.1Basics

LabVIEW 7.1 was the programming language of choice for its visual ease. It is
relatively easy to debug, and console infmwtput is simple to implement. LabsAV

7.1 employs small icons to represent functions and wires to represent data transfers.
For andwhile loopscan be easily performed; these looping structures appear as boxes
in the block diagram.There are also suprograms called virtual instrumenfg10)s

that can be called to perform more complex functioBpecifically, some of th& | 6 s
that were used in this calibration program wetke Peak DetectionVI, Spline
InterpolantVI, Spline InterpolatiorVl, andxy-GraphVI.

4.2.2 Creating the CalibratioRrogram

The goal of thecalibrationprogram waswofold: First, toread a calibration file and
calculate the cubic spline interpolation calibration, arsg¢cond,to read a file
containing datafrom an unidentifiedsample and determine the elements inath
sample

15
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The first objective in creating the calibration program was to emebting of
the XRF calibration spectrufile. Thisisdone by using thee firead
spectrumdata files always have header infomation which iseasily skippedby
instructingthe programtostat e adi ng af t e dAn eampl®A 3 thpical
spectrum data fildisplayingthe header information is shown in Appendix B.

After reading the data armmfganizingit into a one dimenenal array, the next
step consisted of using tieak Detection VI. This VI searches through the &ata
peak locations.Its sensitivitycan be controlled usinipe threshold and width values
Specifically, the threshold is the intensity value belool peaks are neglected, and
the width is the number of data points used in determining a peak, simaavitih
value used in a smoothing function. The threshold and width values should be
carefully chosen; visually evaluating the spectrum in advanieelpful in determining
these values, especially the threshold value. The width value, in practice, is between 8
and 16 but should be no higher than 20; width values higher than 20 result in
inaccurate peak locations.

Having obtained the peak locatgy the program pairs therwith their
corresponding engy values. Tese energy values aiaput by the user and
correspond to the known elemesatsd their characteristic-bays The program then
runs these values through vehile loop to calculate the sple interpolationfor
calibration After the spline interpolation routine, thehile loop yields a one
dimensionalarray containingthe calibrated energies, the number representing the
calibrated energy, and the number placement in the array represdahtng
correspondingchannel(Figure 13 shows the block diagramiew). The calibrated
energies array is then ready to be used as a calibrabteid koran XRF measurement.
The program graphs the calibration spetirand the spectruto be identifiedin the
same plot, using the calibrateehxis.

[File Reading (reads the calibration and unknown files)|

Peak Detection For Calibration

[Peak Detection For Material Identification |

hreshald 2

(=R

Frreshald

Found

Peak Count Numbers

Converts the 20
array into a 1D
Reads the calibration file. [Converts arra:’ sait can be
Finds the phrase <<DATA=>, then the string used in the peak.
starts reading the numbers from that inko a 20 detection.

poink on. array.

known Energies|
[q[zz
H
ic

lernent Energies

Calculating the Peak Energies For Unknown Material

(Calculating the Spline Interpolation. The Calibrated Energies
are saved in an array.

Figure 13 The Hock diagram view of the LabVIEW.1 calibration program.
16



Chapter 4

4.3 Calibration SampleDevelopment

Forthe calibration sampjelements werehosen from the periodic table based on the
energy differences between each element, ensuring a difference of at least 3 to 4 keV.
These elements, alomith their corresponding characteristieray energies [9]are

shown inTablel.

Table 1 Characteristic sxxay energies for select elements.

ElementName |KU Ener § Kb Ener g
Manganese 5.899 6.490
(Copper) 8.048 8.905
Bromine 11.924 13.292
Strontium 14.165 15.836

Molybdenum 17.479 19.607
Cadmium 23.174 26.095

*Reference [9].

Because the anode in theray tube is composedf copper many of the
characteristic xays of copper are reflected off thampleto the detector As a result,
copper peaksare presentin every XRF measurement. It is a difficult process to
eliminate the copper peaks from thgectrumand seeing tit the copper peaks did not
affect the measurementye determined thatopper can beused as one of the
calibration elements.

4.3.1 SamplePreparation

To create thesample compounds were obtained from the BYd&ho chemistry
department. The manganese, brominstrontium, and cadmiuncompoundswere
available but the nolybdenumcompound was notThe compounds weravailable in
salt,hydratel salt and hydrated nitrat®erms.

Before mixing the compounds, a thorough study was performed to calculate
the proportonalities of the elements in each compound. The goal was to make a
calibration sample that had equal amowftthe elements of interest; this watywas
believed the intensities of each peak in the spectrum would be edusing
molarities the mole pe compound maswasformulated for each compound anas
used to calculate the corrgmtoportionsfor the calibration sampleAfter the sample
was constructed and measured, oleton showedthatthe manganese and strontium
peaks were five to six timdbe intensity of the other peaks, and the cadmium peak
was 1/20 to 1/30 times the intensity of the other peaks. Three saorples were
madein an effortto improve the intensity levels, but all three stdlddisproportionate
intensity levels.

The ratos of the intensity levels of the first fosample served as meanso

re-calculate theroportionalitiesand create a better sampla final samplewas made
and measured, and observation showed that the peak intensities were within two to
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three timeghe intensities of the surrounding peaks. The copper peak intensity was
disproportionately large; however, this intensity cannot be contrbkeduse these
copper characteristic-pays are emitted from theray tube The actual amounts of

compoundsised in the calibration sampénd the trace amounits thecompoundsre
shown inTable2 andTable3.

Table 2 Compounds used in the calibration sample.

Compound Amount Used (gram) £0.0003 grams
MnCl. BH:O 0.0117
KBr 0.0224
SrCL T 6.0 0.0706
Cd(NOs): T 4.0 4.0357

Table 3 Trace amounts in the compounds lisiied able2.

Compound Cl Cu Fe Pb Zn Ba Other
MnCl. BH-0 - - .0005 .00 .01 - 210
KBr .20 - .0005 .0005 - .002 .04
SrCL T 60 - - Sppm .5 ppm - .002 .0521
Cd(NG). TH-O0 | .001 .002 .001 .005 .05 - 1135

When creating the first fousampls, no acetone was necessary to combine
them sincethree ofthe compoundsvere hydrates Thewater in the compoundsas
releasedwhen the mixture was crushed and combined, providingoenogeneous
solution which was easily set into teampleplate. The fifth and lagampledid not

release as much water as the first four, so alsamalunt of acetone was used to help
combine the mixturérFigurel14).

Figure 14 Thesampleused for calibration
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4.4 Implementing the Calibration Program

Once theprogram was constructed, the next step consisted of implementing the
program. Initially,we thought thatone could simply upload the calibration file onto

the computer connected to the XRistrumentand useit in the Amptek software.
Unfortunately, thé was not the case; the software only allows its own calibrations to
be used. This meant that another solution not involving the Amptek software had to
be employed.

After some inspection, ibecame apparetihat aspectrumfile from the XRF
instrument could be easily uploaded into the calibration program itselfhe
calibration program was modified to enable spectrunfile to be importecandthen
plotted on the calibrated energy axis.

The front panel of thg@rogram(Figure 15) was made sahatthe user could
input and adjust th&nown calibration energy valued n t he fA Calthebr at i o1
user can adjust the peak detection sensitivity values (threshold and width). Displayed
in this boxis the calibratiorfit graph,the number of calibration peaks detectaadd
the locations of the detected peak3 he adj acent AMaterial s I
enables the user to adjust the peak detection sensitivity values for the unidentified
spectrum. Displayed in thisok are the number of peaks detected and the
corresponding element energies of those pealse main graphdisplaysboth the
calibrationspectrum(dashed line) and the spectrum for identification (solid line).

Upon running the program, a dialog box opemsch asks for apectrunfile
(typically from anunidentifiedsampl@ to beuploadced After thefile is uploaded, the
program runs the calibration process and plotsgeetra The main graph ifrigure
15 shows a spectrum taken from a silver ring. To see spectra of the calibration and
othersampla, see AppendiA.

By comparing two calibration spectra which were taken two and a half months
apart,it is seen that the maximum drift in any egyevalue is appnamately 0.03keV.
Sincethe MCA hasthis tendency to drift in accuracy overtwo and a half month
period it is recommended that the calibratisamplebe tested and implemented at
least once a month to ensure accuracy.
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Figure 15 The front panel view of the LabVIEW 7.1 calibration program.
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Chapter 5 Conclusion

After calibration methodsvere researched and a better calibration program was
created and implemesd, several differenrdamples were measured and ropared to

the accepted valuef]. These measurements, along withirtheorresponding
accepted values, asown inTable4.

Table 4 Experimental values and accepted values along with the correspondirsy e

Element Name | Transition = Measured Accepted Absolute
Energy(keV) Energy(keVY Error (keV)
Iron KU 6.388 6.404 .016
Iron Kb 7.052 7.058 .006
Silver K U 22.0%6 22.163 .078
Gold Lb 11.48 11.442 .01
Nickel K U 7.4 7.478 .014
Zinc KU 8.671 8.639 .032

PReference [9].

Mean Error Maximum Error Minimum Error
.026 .078 .006

Measuremerst in the lower range of energies (3 to 15 keV) tend to have a
lower error amount, and measurements in the higher range of energies (15 to 28 keV)
tend to have a higher error amouidowever, as a result of the calibration, the XRF
measurements have in geal increased in accuracy. Users are now able to collect

reliable sample data, down to a mean error of about £0.03 keV and a minimum error
of £0.01 keV.

Througtout the course of thigroject a variety of future supplementary
projectshave been uncoved Prospectivestudents will find this project helpful as
they consider the flowing possibilities:

1. A study of the XRF detector sensitivities at low xay energies

There are many instances when an XRF measurement has detemtsdive
noise in the lwer range of the spectrum. Often, there tend to be large peaks

21



Chapter 5

around one or two keV. A detailed study about this anomaly would be useful
since many elements have characteristiays in this region.

2. The development of a program that automatically quafies elements in the
sample
The program writtenn this project is currently capable of detecting peaks in
an unidentified spectrum, and the characteristicayx energies are listed.
However, extra effort is required on behalf of the user to look uprieegies in a
list to identify which elements are present in tzenple Furthermore, the user
might need to identify two or more peaks for one element to be certain that it is
present in thesample With some alteration of the calibration program, this
process could be automated.

3. The development of a program that quantifies elements in theample

Some quantifying work was performed in this project to determine correct
proportionalities for the calibratiosample A deeper study of quantification can
be done using ratios of intensities of different peaks in the spectrum. The
calibration program can be altered to make these calculations. A program that
guantifies elements in treamples useful in a variety of applications.

4. The development of a caliration samplethat has a largerenergyrange

The calibrationsamplein this project has eight useful peaks ranging from 6
keV to 23 keV. A calibratiosamplecan be made to have mdtrean eightuseful
peaksin abroaderange of energiesin the currencalibration, there was growing
error as energy increased in the 18 to 28 keV range. A calibration sample with
more peaks in this range can substantially reduce this error.

These different areas were lightixaminedin this project, but due to limitetime,

they were not studied in depth. It is hopeful thatr@spectivestudent willchooseto
further develop the BYUdaho XRFinstrument
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Appendix A: Various X-Ray Spectra
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This spectrum shows the peaks measured from the calibsatiople
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A spectrunof an unknowrsampldikely containing Fe

25



A spectrum of a U.S. dollar coin likely containing Ni

A spectrumof an unknown roclkampléikely containing Fe
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