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SIR-FP Tutorial

Note: This tutorial describes the use of the Scattered-Intensity
Ratio method (SIR-FP).
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1 SIR-FP OVERVIEW

What is SIR-FP (Scattered-Intensity Ratio with FP)? The SIR-FP method uses information from the
Rayleigh and Compton scatter peaks to provide additional information about elements in a sample
(typically elements with low atomic numbers) that cannot be analyzed using the FP method, because their
x-ray lines are not detectable. The SIR-FP method can estimate the low atomic number fraction in sample
analysis. Knowledge of these low Z elements is important as it permits one to better correct and account

for FP matrix effects, thereby improving the accuracy of the elements that are detectable.

The SIR-FP option allows the user to select a series of TFR files that have been created from deliberately
low-Z (atomic number) standards. Calibration of these standard files calculates a least-squares fit of the
C/R (Compton-to-Rayleigh) ratios as a function of the mean Z of the material. Using this calibration one

can then go on to do an FP calibration using single or multiple standards.

The complete SIR-FP method calibration requires both the SIR calibration as well as an FP calibration.
The FP calibration can either be single or multi-standard (MLSQ). SIR cannot be used with standardless
FP.

Note: The SIR-FP method should not be used in conjunction with the Peak-to-Compton method otherwise

these two methods would be in direct conflict.

2 SIR-FP APPLICATION

The following procedure along with associated spectra (*.mca) and application (*.tfr) files guides an XRS-

FP software user through the SIR-FP calibration and subsequent analysis.  This includes:

1. SIR calibration using low-Z standards
2. Integrating the SIR calibration with a single standard FP calibration

3. Integrating the SIR calibration with a MLSQ FP calibration
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4. Analysis of an unknown using the complete SIR-FP method

The same SIR-FP method is also available for the multilayer FP software, XRS-MTFFP.

Please note that spectra collected for the SIR and the FP calibrations must be obtained under the same

conditions. The same is true for the analysis of unknowns using the SIR-FP calibrations.

This tutorial was created using the analysis of rocks as an example. Secondary standards with varying
atomic number (from low Z, such as carbon, to medium Z, such as Ti) will form the basis of the SIR
calibration. This calibration will construct a least-squares fit of C/R ratios vs. Z for all the standards. It is
recommended that at least 6 standards are used for this method. Following the SIR calibration, an FP
calibration will be described for all measured elements. Combining the SIR and FP calibrations will then

allow analysis of “unknown” samples.

*It is recommended that you keep two full copies of the “SIR-FP Tutorial” folder on your computer. One
will serve as the “working” folder and the other will be the “backup” folder, as some files will be overwritten

during the tutorial.

3 PROCEDURE

1. Launch XRS-FP — Click anywhere on the splash screen to remove it from the display.
2. From the Auto-Mode FP Analysis window, click Expert Mode (Fig. 1 below). This will show the

contents of the “Master.tfr” file (see section 4.1 of the “XRS-FP Software Guide” for additional

information on loading the software).
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Select Analysis Type

[Add New__ | eo| Edit |
Setup Automation Options

v Save Spectrum v Save Report v Update Spectra | Show Statistics
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Base File Name: |C:\TEMP
Seed #: |1 # Measurements: |3 Delay Time(s): |2 I

Fun # Preset Livetime = 20

Create Log

=

Figure 1. Auto-Mode FP Analysis Panel. Select the “Expert Mode” button.

\/ SIR Calibration:

Get Path

Walue

3. From the XRS-FP Expert Panel: Select File -> Open -> “C:\CrossRoads Scientific\SIR-FP

Tutorial\SIR Files\Initial.tfr” (or equivalent file location). See Figure 2 below.

r ™
X Open Iﬁ
.\:j.\:j [ 1 « CrossRoads Scientific » SIR-FP Tutorial » SIR Files ~ | 9 | Search iR Fites o

Organize + Mew folder =~ [ .@.
‘v Favorites il Name : Date modified Type
Bl Desktop || Al203Binderl0 tfr 8/28/2013 3:46 PM TFR File
&4 Downloads || B203Binder05 tfr 8/28/2013 3:55 PM TFR File
v+ Dropbox || CaCO3.tfr 8/28/20133:56 PM  TFRFile
1= Recent Places | Initial.tfr 9/6/2013 5:35 PM TFR File
L || K2504.tfr 8/28/20133:56 PM  TFRFile
[] 4 Libraries || NaCltfr 8/28/2013 3:57 PM TFR File
3 Documents | Teflon.tfr 8/28/2013 3:57 PM TFR File
J'- Music || Ti02.tr 8/28/2013 3:57 PM TFR File
=/ Pictures
B videos
|| W N
Q% Homegroup

M Comnuter 4|

File name: Initial.tfr - ’XRF Reports (*.tfr)

o T |

Cancel

Figure 2. File Open Menu. Open the “Initial.tfr” file under the “SIR Files” folder. This file acts as a template

for this application.

This TFR file acts as a template for this application. Although the Component Table, Elements

Table and Thickness information have no data at this point, the Measurement & Processing

information (spectrometer configuration) is already pre-defined and loaded for this application.

Note: if there is data in the “Measurement & Processing Conditions” Table in the Compton and
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Rayleigh columns under the “Processing” radio button, un-check and then re-check the “C/R

Ratio” box. This will clear the Compton and Rayleigh data in this table and create a “clean sheet”

to begin the application (see Fig. 3).

Note that since the Compton and Rayleigh regions of interest (ROIs) are zero, the Gaussian
deconvolution for the spectrum processing will automatically assign the regions for the first
sample analyzed. For more information on setting and using ROIs see the section “Process

Spectrum — Compton Peak” in the “XRS-FP Software Guide.”

File Acquire Setup Calibrate Process Help

Acquire KV: (40 |(10->50) uA: [25 ](5->200) Preset:[0 | Time:[34.259 | %DT:[0.0 | |ICR:[p.o0 | OCR:po |

Specimen Component Table: Thickness Information:
# Component | Type | Conc, | Ermor | Units ‘ tale Eror ‘ | Layer Mormalize
1 | Calc | EI.EIEIEIEI| EI.EIEIEIU|wt % ‘ U_EIEIEIEI| 0 UUUU‘ 1= Thick. | Type | Error | Units | Density |F\ked [1]:4 | Total
0000 Buk | 0000 mgiem2 | 0000 T | | 10000

Global Threshold Settings

— nsigma v| [2.000 Clear | Conc Method [~

Element Table: + Normal " Coefficients
Element |Zonc| teasurement Threzhaold Intengity Fiatio ROl (ket) Chi2 [ Guant Calibration

EImI| Line [Code| Intensity ‘ Error |Backgr | Conc. | Error | MDL |AlomZ v’alua|CDnc Method ethod Low | High | Fit | Method | TCC Coeff
1 | Ka [ 1 0.00]  000]  0.00] 0.000] 0.000[0.0000 [ o.000[0.000] T Gaussian Hone 0.000] 0.000] 000[  FP 0.00
Measurement & Processing Conditions: M t i P
e Mo, |Escape| Sum Back- |Background|Remove|Blank Spectum| C/R | Compton | Compton RO [ke) | Rapleigh | Rapleigh ROI (keld]
Zode

Smthe [ Peak | Peak | ground File Blank File Fiatio [e/3] Low | High (/3] Low | High
1 2 v v Auto I Iv 0.00]  0000]  0.000 000]  0000] 0000

[Status: [Untitled [0 [Off | On [2048 [20[0.59 No | 1

Figure 3. XRS- FP Expert Panel. The “Initial.tfr” file acts as a template for this application. Note that this file inputs the
proper Measurement & Processing information for this application (i.e. spectrometer configuration information).

4. From the XRS-FP Expert Panel: Select Setup -> Processing and make sure all parameters are
identical to those shown below in Figure 4. Select “OK” to exit the dialog and save the

parameters.
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' !
X Setup Processing Parameters i s I,ﬂh,l
Gaussian Deconvolution Parameters
[+ Use Nonlinear Deconvyolution: [~ Diagnostic Dutput

Maximum Allowed Deviations for Honlinear Deconvolution
Maximum # Iterations:

Line Ratio Factor:
Spectrometer Offzet [e¥]:
Spectrometer Gain [¥]:
Spectrometer Peak Width [X]:

Channel Weighting Factor:

Njslalciul

Uze Het Spectrum Weighting |
Peak Width [PWHM) at Mn-Ka [e¥]: (130.0 |

:

Auto Cahbration from Honlinear Deconvolution

[~ Use Auto Calibration Mn FWHM [eV]:
Gain Factor: (0 0000 Offzet [e¥]:

Spectrum Smoothing Parameters
Filter Type
" Sawitsky-Golay + Gaussian " Tophat " Average

Mumber of Points

v 3 (" 7 (" {

Auto Background Removal Parameters
Low-Paszz Filter Width: Max # Iterations:

Pile-Up [Sum Peak] Removal Parameters

Pulse-Pair Rezolution [u5]): Time Constant [u5]:
Spectrum Low-Energy Start [ke¥]: Lowest 7: [(Ma]

[ Auto Adjust Spectrum Gain & Offset on Load

[1].4 Cancel Defaults

L A
Figure 4. Setup Processing Parameters Dialog. Check that all parameters are as shown here.

5. Now from the XRS-FP Expert Panel: Select File -> Open -> “...SIR-FP Tutorial\SIR
Files\AI203Binder10.mca” (this is the MCA spectrum file for our 1% low-Z standard). See Figure

5 below. Note that the spectra for this tutorial are already adjusted and in calibration.
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X Open 2
LW [}l « CrossRoads Scientific » SIR-FP Tutorial » SIR Files [ 42 |\ Search SiR Fites fo
Organize ¥ MNew folder =+ [ .@.
B Desktop o Name Date modified Type
4. Downloads - — : —
Dropk || Al203Binderl0.mca 8/22/201211:28 AM  MCA File
'+ Dropbox
cEl) i Pl || B203Binderl5.mca 8/22/201211:28 AM  MCA File
i t
s [ CaC03.mea 8/22/201211:28 AM  MCA File
“ Librari | | K2504.mca 8/22/201211:28 AM  MCA File
4 iorares
U_aj D + || NaCl.mca 8/22/201211:28 AM  MCA File
4 ocuments
J' o = || Teflon.mca 8/22/201211:28 AM  MCA File
:I p_USIc || Ti02.mca 8/22/201211:28 AM  MCA File
k= Pictures
B videos

*& Homegroup

1% Computer

File name:

- 4|

Al203Binderl).mca

1

- ’Amptek Spectra (".mca)

o I |

Cancel ]
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Figure 5. File Open Menu. Open the first low-Z standard *.mca file (e.g. Al203Binder10.mca) under the

“SIR Files” folder.

Enter the component information in the “Specimen Component Table” (see Fig. 6). For this first

low-Z standard (“Al203Binder10”) enter the following components:

“H74C370N” then click

“enter” (which will fill the individual elements in the “Element Table”), then “Al203” and “enter”.

Set the “Concentration” to 10 and 90 wt.% respectively.

Note that the Layer “Type” is set to “Bulk” in the “Thickness Information” table (which is

mandatory for use with an SIR-FP calibration) and it is “Normalized” to a “Total” of 100% (see Fig.

6 below).
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File Acquire Setup Calibrate Process Help

Acquire kV-[40_|(10->50) uA: [25 ](5->200] Preset:[0 | Time: %DT:[0.0 | ICR:[o.o | OCR:loo |
Specimen Component Table: Thickness Information:

it Component Type Conc. Erar Unitz b oles Errar | Layer /lNolmahze
1|H74C370N Calc 10.0000]  0.0000 wt:/, 0.0000( 0.0000 I Thick. I{ Typs LE"D' ‘ Units |DenS|ty ‘lee[ lUK | Tatal
2az03 Calc S0.0000]  0.0000] vt % 0.0000] 0.0000 D00k Buk 4 0000 mgiome | 0000 T\ | To0.0u

N
Global Threshold Settings
n-sigma ~| (2000 Clear Conc Method [

Element Table: * MNormal " Coefficients 4

o Element || Cond easurement Threshald Intensity Fatia ROl [ke¥] Chi2 | Quant Calibration

Elmt| Line | Code | Intensity | Emor | Backgr. | Conc. | Emor | MDL | Atom |value|Conc|  Method hethod Low | High | Fit | Method | TCC Coeff

1H Ka 0 0.00 0.00 0.00] 1.359] 0.000{0.0000 [ 0.000{0.000] T Gaussian None 0.000) 0.000] 0.00] Hone 0.00

2l C | Ka 0 0.00 0.00 000 8055 0.000]{0.0000 | 0.000]0.000] | Gaussian Hone 0.000] 0.000] 0.00[ Hone 0.00 =l
AN Ka 0 0.00 0.00 0.00| 0.255| 0.000[0.0000 [ 0.000(0.000] Gaussian Mane 0.000) 0.000] 0.00] Mone 0.00 -
410 Ka 0 0.00 0.00 0.00] 42.658| 0.000{0.0000 [ 0.000(0.000] | Gaussian Mone 0.000) 0.000] 0.00] Mone 0.00

Al Al | Ka 1 0.00 0.00 0.00] 47.634| 0.000{0.0000 [ 0.000{0.000] T Gaussian Mone 0.000) 0.000) 000  FP 0.00
Measurement & Processing Conditions: P
- H-Fay Source Dietectar Chamber Time [gecs] b anitar

nde

Target | Filter ‘mg."cm2 ‘ (3% | [r:s Type | Filter |mg#cm2 Atmos Preset | Actual Intensity

1 Ag | Mone | 0.000 | 400] Z50] Sidift | Mone | 0.000 it 0.0] 34.258 [il]

| Status: [Updated Element Table Concentrations. .. [0 off [On [2048 [20 [0.59[ Mo [ 1
[ I

Figure 6. XRS- FP Expert Panel. Note the component information of the low-Z standard is entered in the “Specimen
Component Table” and the thickness is set to “Bulk” and “Normalized” to 100% in the “Thickness Information” table.

Also note that the “C/R Ratio” checkbox is selected under the “Processing” conditions set in
the “Measurement & Processing Conditions” Table (see Fig. 7). This must be selected for use
with the SIR-FP calibration.

Measurement & Processing Conditions: i Measurement ng:
Cod Mo.  |Escape| Sum Back- |[Background|Remove|Blank Spectrng/Ex’F! ompton | Compton RO (ke]| Ravleigh || Rapleigh ROI [kel)
ode
Smths | Peak | Peak | ground File Blank. File Fiatio [cds) Lo High [cds] Lo High
1 2 v v Auta I L v 4 000f 0000[ 0000 000f 0.000[ 0000

Figure 7. Measurement & Processing Conditions Table. Note that the “C/R Ratio” box is selected under the
“Processing” conditions.

Note: All processing conditions must be the SAME for all MCA files used in the SIR-FP
calibration.

7. From the XRS-FP Expert Panel: Select Process -> Spectrum -> All. Notice that there is now
data for the Compton (c/s), Compton ROI (keV), Rayleigh (c/s) and Rayleigh ROI (keV) columns
in the “Processing Conditions” table (see Fig. 8). Note that the Compton (c/s) and Rayleigh (c/s)
values may vary due to the background removal during processing.
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] it & Pro ing Conditions: i Measurement * Processing
- Mo. |Escape| Sum Back- | Background|Remave|Blank Spectrum| C/R | Compton | Compton ROl [ket]| Rayleigh | Raypleigh ROI (kel]
Zode
Smthe | Peak || Peak | ground File EBlank. File R atio [cdz] Lo High [cfz] Loy High
1 2 v v Auto I v BE282| 202200 #1.720 120,63 21.720{ 22500

Figure 8. Measurement & Processing Conditions Table. Data is shown under the Compton and Rayleigh columns
after spectrum processing.

8. Now save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be

saved as “Al203Binder10.tfr” or as an alternate filename of choice.

9. REPEAT steps 5 - 8 above for ALL the low-Z standards within the SIR folder. Remember to
enter the components that correspond to the loaded MCA file for each standard. Also, check that

the layer information is normalized to 100% and the C/R Ratio in the Processing Conditions table
is checked. Do not clear the C/R information between standards, because we want to use the
same Compton and Rayleigh ROIs. After processing the spectrum, remember to save the TFR
file before moving on to the next standard! The following figures (Fig. 9-14) show screen shots of
the XRS-FP Expert Panel for each of the remaining 6 SIR low-Z standards (data shown is after

completion of step 8 above for each standard):

= =0 |

File Acquire Setup Calibrate Process Help

Acquire K¥:[40 |(10->50) uA: [25 |[5->200) Preset:[0 | Time:[27.581 | %DT:[0.0 | |ICR:[p.o | OCR:joo |

Specimen Component Table: Thickness Information:

it Camponent Type Conc, Error Unite hole® Errar | Laper Maormalize
1[B203 Calc 95.0000] 0.0000]wt% 0.0000] 0.0000 1 Thick | Tupe | Boan | Uiifis |Density ‘Fixed oK. | Total

2 [H74C370M Calc B.0000]) 00000 w3 0.0000)  0.0000 D00 Buk | 0000] mgiond [ 0000 T | @ | 1000

Global Threshold Settings

— nsigma ¥ Clear Conc Method |

Element Table: + Mormal " Coefficients
4 Element [Zonc Measurement Threshold Intensity Ratio ROI [ke] Chi2 | Huant Calibration
Elml| Line |Zode| Intensity | Emor | Backgr. | Conc. | Emor | MODL | Atom [value]|Conc  kethod tethod Low | High | Fit | Method | TCC Coeff
1JH| Ks | D 0.00 0.00 0.00] 0.679] 0.000]0.0000 | 0.000[0.000] T Gaussian None 0.000] 0.000] 0.00] Mone 0.00
2B | kKa | D 0.00 0.00 0.00] 29.505] 0.000]0.0000 | 0.000{0.000] I Gaussian None 0.000] 0.000] 0.00[ Mone 0.00 ml
Afc | Ksa | D 0.00 0.00 000 4047 0.000[0.0000 | 0.000{0.000) | Gaussian None 0000 0.000] 0.00] Mone 0.00 -
4[N | Ks | D 0.00 0.00 0.00] 0128 0.000]/0.0000 | 0.000]0.000] ™ Gaussian Naone 0.000] 0.000] 0.00[ Mone 0.00
5(0 Ka 0 0.00 0.00 0.00] 65.641]| 0.000{0.0000 [ 0.000{0.000]) ™ Gaussian MNaone 0.000) 0.000) 0.00] MNone 0.00
] &P ing Conditions: M P
Lo Mo, |Escape| Sum | Back- |Background|FRemove|Blank Spectrum| C/R | Compton || Compton ROI (keW]| Faylsigh | Rayleigh ROI [kel]
£ Smths | Pesk | Peak | ground File: Blank. File Fiatio [eds) Low ‘ High (3] Low | High
1 2 v ¥ Auto I [ 1267.86] 20.220[ 21.720 151.43] 21.720[ 22500 =
[ Status: [Dpened file C:\CrossRoads ScientificASIR-FP Tutorial\SIR Files\B203BinderD5_tr [o o[ on [2048 [20 059 Ho [ 1

Figure 9. XRS- FP Expert Panel. Data after processing B203Binder05.mca.
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File Acquire Setup Calibrate Process Help
Acquire KV:[40_](10->50) uA [5->200) Preset:[0 | Time: %DT:[0.0 | ICR:[p.o | OCR:
Specimen Component Table: Thicknegs Information:
i Component | Type ‘ Conc | Error | Units ‘ ole? Errar | | Layper Momalize
1]CsC03 | Calc 10000007 DDDDD|wt°A ‘ DDDDD| DDDDD' Thick. | Type | Ermor | Units |Dems|ty ‘leed [0]:4 | Tatal
0.000] Buk | 0000 mgfem2 | 0000[ T [ [ 10000
Global Threshold Settings
- n-sigma ~| (2000 Clear | Conc Method [
Element Table: &+ Mormal " Coefficients J
Element [Zonc Measurement Threshold Intensity Ratio ROI (ke Chi2 [ Quant Calibration
Elml| Line |Zode| Intensity | Emor | Backor. | Conc. | Ewor | MDL || Atom% |alue|Conc|  Method Method Low [ High | Fit | Method | TCC Coeff
1fC | Ks | D 0.00 0.00 0.00] 12000 0.000[0.0000 | 0.000{0.000) Gaussian None 0000 0.000] 0.00] Mone 0.00
20 Ks | D 0.00 0.00 0.00] 47.955| 0.000]0.0000 | 0.000{0.000] I Gaussian Naone 0.000] 0.000] 0.00[ Mone 0.00 ml
3fca]| Ka | 1 [1423714] 81.78] 4609] 40.045[ 0.000]0.0000 | 0.000]0.000] T Gaussian Nane 3624[ 3756] 0.04] FP 0.00 -
] &P g Condi M P g
@ Mo, |Escape| Sum | Back- |Background|FRemove|Blank Spectrum| C/R | Compton || Compton ROI (ket]| Rayleigh | Rayleigh ROI [ke']
£ Smths | Peak | Peak | ground File Blank. File Ratio 53] Law ‘ High (3] Laow | High
1 2 v v Auto I d 181.42[ 20.220[ 21.720 95.88] 21.720] 22500 =
| Status: [Dpened file C:\CrossRoads ScientificASIR-FP Tutorial\SIR Files\CaCO3.th [o o[ on [2048 [20 059 Ho [ 1
[ [
e

Figure 10. XRS- FP Expert Panel. Data after processing CaCO3.mca. Note that in order for XRS-FP to process the
carbon and oxygen elements in this low-Z standard, the compound MUST be entered as “CaC 03” in the “Component
Table”, i.e. with a space between the C and the O. Also be sure to enter “O” for oxygen, as the number “0” will not be

recognized as the element oxygen!

-
FEEEE aaaaas =
File Acquire Setup Calibrate Process Help
Acquire KV:[40_|(10>50) uA: [25 |(5>200] Preset:[0__ | Time: %DT:[00 | ICR: OCR:[o0_ |
Specimen Component Table: Thickness Information:
i Component | Type | Conc | Eror | Units | hiolek ‘ Eror ‘ | Layer Momalize
1k2504 | Calc FTO0T000] 0.0000]wt.% [ 00000 0.0000] Thick. | Type ‘ Error ‘ Urits |Densily |Fiked Ok | Tatal
0000] Buk [ 0000] mgfem2 | 0000 T [ | 10000
Global Thieshold Settings
- n-sigma v Clear | Conc Method [
Element Table: + Mormal " Coefficients Q
o Element [Canc easurement Threzhold Intensity Ratio ROl [keV] Chi2 | Cuant Calibration
Elml| Line |Code| Intensity | Emor | Backar. | Conc. | Emor | MDL | Atom? [Value| Conc Method Method Low High | Fit | Method | TCC Coeff
Mo | Ka [0 0.00 0.00 0.00| 36.724| 0.000[0.0000 | 0.000[0.000] [ Gaugsian Hone 0.000] 0.000] 0.00] MNone 0.00
2015 | Ka [ 1 3678.85| 40.15] 36.48]18.400{ 0.000{0.0000 | 0.0000.000) Gaussian None 2253 2361] 1.45] FP 0.00 =
K] Ka [ 1 E230.85] BO55| 3707 44.877] 0.000{0.0000 [ 0.000{0.000f Gaussian Hone 3260] 3378 216] FP 0.00 -
2
M tEP Conditi M ' & P
a Mo. |Escape| Sum Back- |Background|Remave|Blank Spectium| C/R Compton | Compton RO (ke Ravleigh | Ravleigh RO (ke
== Smths [ Peak | Peak | ground File Blank File Ratio [eds) Low | High [eds] Low | High
1 2 [ v Auto I v 15515 20.220] 21.720 9291| 21.720[ 22500 =
| Status: [Dpened file C:\CrossRoads Scientific\SIR-FP Tutorialh\SIR Files\K2504.tfr |0 [off | 0On [2048 [20 059 Ne | 1
[ [

Figure 11. XRS- FP Expert Panel. Data after processing K2504.mca.
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File Acquire Setup Calibrate Process Help
53200) Preset:[0 | Time: %DT:[00 | ICR:po_ | OCR:pp |

Acquite kV: [40_|(10->50) uA:

Specimen Component Table: Thickness Information:
i Component | Type | Conc | Eror | Units | hiolek ‘ Eror | Layer Momalize
1 MaCl | Cale 1000000 UUUUU"’\‘LZ | U-UUUU‘ U-UUUU‘ = Thick. | Tupe ‘ Error ‘ Units |Densily |Fiked ak. | Total
0.000]  Buk 0000] mgfem2 | 0.000[ T [ [ 100.00

Global Thieshold Settings

n-sigma v Clear Conc Method [

Element Table: + Mormal " Coefficients
o Element [Canc easurement Threzhold Intensity Ratio ROl [keV] Chi2 | Cuant Calibration
Elml| Line |Code| Intensity | Emor | Backar. | Conc. | Emor | MDL | Atom? [Value| Conc Method Method Low High | Fit | Method | TCC Coeff
TMa] Ka [ 1 2377 431 17.54]|39.339] 0.000]0.0000 | 0.000)0.000( [ Gaugsian Hone 1.000] 1.052| 0.04] FP 0.00
200 | Ka | 1 [1310319] 77E1| 64.85| 60661 0.000[0.0000 | 0.000{0.000] Gaussian None 2565 26/ 058] FP 0.00 =
5 =
M tEP ing Conditi M ' & P
a Mo. |Escape| Sum Back- |Background|Remave|Blank Spectium| C/R Compton | Compton RO (ke Ravleigh | Ravleigh RO (ke
== Smths [ Peak | Peak | ground File Blank File Ratio [eds) Low | High [eds] Low | High
1 2 [ v Auto I v 16234 20.220] 21.720 6731 21.720[ 22500 =

[0 [0ff [On [2048 [20 [0.59 No [ 1

| Status: [Dpened file C:\CrossRoads Scientific\SIR-FP Tutoria\SIR Files\MaCltfr

Figure 12. XRS- FP Expert Panel. Data after processing NaCl.mca.

oI S

Setup Calibrate Process Help

File Acquire
Acquire kV:[40_|(10-350) uA: 5-3200) Preset:[0 | Time: %DT:[00 | |ICR:po | OCR:pp |
Specimen Component Table: Thickness Information:
# Companent ‘ Type | Cane. | Error | Units | Male? | Error | | Layer Mormalize
THC2F4 | Cale [TOGOO0] 0.0000] w5 | _0.0000] o.0000] 1= Thick. | Type | Enrar | Units |Denswty |Fixad ] 4 | Total
0.000] Buk [ 0000] mgiemz | 0000[ T [Iv [ 10000
Global Threshold Settings
— n-gigma ¥ Clear Conc Method [~
Element Table: * MNommal " Coefficients 4
o Element |Zonc Measurement Thieshold Intensity Ratio RO (ke Chi2 | Quant Calibration
Elml| Line |-ode| Intensity | Enor |Backgr. | Conc. | Emor | MDL || Atom? | alue| Conc Method ethod Low High | Fit | Method | TCC Coeff
MC | kKa [0 [ 0.00 0.00] 24.019| 0.000{0.0000 | 0.000]0.000] [ Gaugsian None 0000 0.000] 0.00] None 0.00
2lF [ kKa [ O 0.0d 0.00 0.00] 75.981| 0.000{0.0000 [ 0.000]0.000] T Gaugsian None 0.000] 0.000] 0.00] MNone 0.00 =
= =
M L P ing Conditions: C M = P
e Mo, |Escape| Sum Back- |Background|Remove|Blank Spectrum| C/R | Compton | Compton RO ket)| Rapleigh | Rayleigh ROI [kel]
Zode
Smthe [ Peak | Pesk | ground File: Blank File: Fiatio (/3] Low | High (3] Low | High
1 2 I b Auto [ Iv 1252.45] 20220[ 21720 17765 21.720] 22500
[0 [off [On [2048 [20[0.59[ No | 1

| Status: [Opened file C:\CrossRoads Scientific\SIR-FP Tutorial\SIR Files\Teflon.tfr

Figure 13. XRS- FP Expert Panel. Data after processing Teflon.mca.

25-Feb-16
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—

File Acquire Setup Calibrate Process Help

Acquire kv:[40_|(10->50) uA: [25 |(5->200) Preset:[0 | Time:[19.359 | %DT:[0.0 | |ICR:[o.0 | OCR:po |

Specimen Component Table: Thickness Information:

it Companent ‘ Type | Cane. | Error | Units: |MOIBZ Errar | | Layer Mormalize

1]Tin2 [ Cale |{TO0O0O00] 0.0000]wl% [ oooo0] ooo00]  a| | thick | Tooe | Ewor [ Unis  [Densiy [Ficed| 0k | Toul
0.000] Buk [ 0000] mgfem2 | O0O00[ T [ [ 10000

Global Threshold Settings

— n-sigma v Clear | Conc Method [

Element Table: + Mommal " Coefficients
o Element [Zonc: teasurement Thiezhold Intensity Fiatio ROl (ket) Chi2 | Guant Calibration

Elml| Line |-ode| Intengity | Enor |Backar. | Conc. | Emor | MDL || Atom? | alue| Conc Method ethod Lowe High | Fit | Method | TCC Coeff
o | ks [0 0.00 0.00 0.00] 40.043] 0.000{0.0000 | 0.000]0.000] T Gaugsian None 0000 0000 0.00] MNone 0.00
20T Ks | 1 [25151.90] 108.32] 4825[59.951] 0.000[0.0000 | 0.000[0.000[ Gaugsian None 4435 4581 012] FF 0.00 =
5 =
M L P g Conditions: M P g
e Mo, |Escape| Sum Back- |Background|Remove|Blank Spectrum| C/R | Compton | Compton RO (ket)| Rapleigh | Rayleigh ROI (kel]
—0OdgE

Smths [ Peak | Pesk | ground File: Blank File: Fiatio [edg) Low | High [c3) Low | High
1 2 Iv v Auto I v 110.64[ 20.220] 21.720 10217 21.720] 22500 =

| Status: [Dpened file C:\CrossRoads Scientific\SIR-FP Tutorial\SIR Files\TiD 2.t |0 [0f [On [2048 [20 059 No | 1

I I
e
Figure 14. XRS- FP Expert Panel. Data after processing TiO2.mca.

10. Now go to the XRS-FP Expert Panel: Select Calibrate -> SIR-FP. This will display the “SIRFP
Files for Calibration of C/R Ratios vs. Mean-Z” dialog. Double click in the “TFR Filename” cell to
select the TFR filenames to be used for calibration (i.e. the *tfr files created above for all the low-
Z standards). See Figure 15 below. To add additional TFR files (standards) simply use the down-
arrow key to add a row. After each TFR file is loaded the Mean Z and C/R Ratio for that standard
is displayed in appropriate columns (Fig 15). Note: a previously created SIR calibration file can

also be loaded instead of loading each TFR file in turn.

DC
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SIRFP Files for Calibrati - =k
i TFR Filenarne / eanZ | C/R Ratio
1] C:MCroxsRoads ScientifichSIR-FP TutoriahSIR Files\A203Binder] 0 .t i 10120 4.830
2| C:\CrozsFoads ScientifichSIR-FP Tutariah\SIR Files\B 20 3Binder05.tr £.930 8.620
3| C:A\CrozsFoads ScientifichSIR-FP Tutaria\SIR Files\Cal0 3 tr 12570 1.940
4 | C:\CrossRoads ScientifichSIR-FP TutoriahSIR Files\F.2504.Hr 14.410 1.660
5 | C:\CrossRoads ScientifichSIR-FP TutoriahSIR Files\MaCl.tr 14.640 1.960
B [C:\CrozsHoads Scientfich3IR-FP Tutonal\SIR FileshT eflon 8.280 7.060
7 | C:A\CrossRoads ScientifichSIR-FP TutoriahSIR FileshTiOZHr ™ 16.330 1,

Clear

Calibrate
Save

Load

Exit

Linear Fit Parameters

Slope:

Page 15 of 37

Figure 15. SIRFP Files for Calibration of C/R Ratios vs. Mean-Z Dialog. TFR files created from the low-Z standards are
entered. The associated Mean Z and C/R Ratio are displayed for each file.

11. Once all the TFR files have been loaded (see above), click on the “Calibrate” button to do the
least-squares fit of the two variables (C/R Ratio vs. Mean Z). Note: each of the variables is

actually converted to a log function so that the scope can cover a wider range in detail. It was

found that log-log plots produced better linear fits that the straight linear fitting.

At this point there should be a plot that looks like the following (see Fig. 16).

Ln(C/R)

22

- 1.94 Ln(MeanZ) 2805

DC

CrossRoads Scientific

Figure 16. Least Squares Fit of C/R Ratios vs. Mean-Z of
Sample. The resulting calibration curve is displayed
Ln(C/R) vs. Ln(Mean-2).
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12. Click on the “Exit” button in the least-squares plot above (Fig. 16) and then click on the “Save”
button (Fig. 17 below) to save the full SIR-FP calibration as an *.sir file (i.e. “Tutorial.sir”). Then
click on the “Exit” button.

TFR Filename C/R Ratio
C:\CrozzR nads ScientifichSIR-FP Tutorial\SIR FileshAl203Binder10 tr 4 830
C:\CrozzR nads ScientifichSIR-FP Tutorial\SIR FileshB 20 3Binder05 th 8620
C:ACrozzA oads ScientifichSIR-FP Tutorial\SIR FileshCaC03 1.940
C:ACrozzAoads ScientifichSIR-FP Tutorial\SIR FileshK 2504, th 1.660
C:\CrozzA oads ScientifichSIR-FP TutorialvSIR FilessMalCl tr 1.960
C:ACrogzA oads ScientifichSIR-FP TutonalsSIR FileshTeflon. tr 7060
C:ACrogzA oads ScientifichSIR-FP TutonalsSIR Files\TiD 2. Hr 1.180

| e Lo o =

Linear Fit Parameters

Clear

— Stope: (23974 |
- g Calibrate
ﬂw?_ Intercept:

Load

Exat

Figure 17. Saving the SIR-FP Calibration file. The SIR-FP calibration is saved as an *.sir file using the “Save” button.

Note: For practical applications, if the tube or any parameter is changed, then the entire

calibration must be done again using the actual standards and live acquisition.

\/ Single Standard FP Calibration:

13. Having completed the calibration of the low-Z standards and obtained an SIR calibration file

(*.sir), we will now make a single standard FP calibration as the next step. Select File -> Open ->

“C:\CrossRoads Scientific\SIR-FP Tutorial\FP Files\RockStd1.tfr” (or equivalent file location).

14. Now open the corresponding spectrum file from the XRS-FP Expert Panel: Select File -> Open ->
“...SIR-FP Tutorial\FP Files\RockStd1.mca’

(]
CrossRoads Scientific LN 25-Feb-16
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15. Select: Process -> Spectrum -> All from the XRS-FP Expert Panel.
16. Then from the XRS-FP Expert Panel: Select Setup -> Quant. This will bring up the “Setup FP

Calibration Method” dialog shown below in Figure 18. Select the radio buttons for “Fundamental
Parameters” with “One Standard”. Then click OK.

Quant Analysiz Method FP Calibration Mode

{* Fundamental Parametersi " Standardless

(" FP with Scatter Ratios {* One Standard

" Simple Least-5quare Fitting " Multiple Standardsz

SIR-FP File Name: |

[1].4 Cancel

Figure 18. Setup FP Calibration Dialog. For the single standard FP calibration select the radio buttons for
“Fundamental Parameters” with “One Standard.” Then select “OK” to exit.

17. Now select: Calibrate -> FP from the XRS-FP Expert Panel. This generates TCC’s which are
populated under the “Calibration TCC Coefficients” column in the “Element Table” (see Fig. 19

below).

- o
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e SR

File Acquire Setup Calibrate Process Help

! Acquire kv:[40 |(10-50) uA: [25 |(5->200) Preset:[300 | Time:[198.840 | %DT:[0.0 | ICR:[o.0 | OCR:loo |

Specimen Component Table: Thickness Information:
# Component Type Conc. Error Units tale Eiror | Layer Nomalize
12 520 E!“E: g?ggg ggggg th 23 gggg ggggg =1 | Thick. | Type | Error | Urits |Density ‘F\xed Ok | Tatal
ine . . whi |
3[Na20 Fired | 0.1400] 00000[wi % 00000] ooom| noo0| Euk [ 0000] mgonz | ool R E] 10000
4|Ba Calc 788.000]  0.000{ppm 0.0000] 0.0000
[ [} Calc 31.000]  0.000{ppm 0.0000] 0.0000 )
6 Wi Colc | 82800] 0.000[ppm 0.0000] 0.0000 Global Threshold Settings
o o teroenloonann oanantaannn n-sigma v | |2.000 Clear | Conc Method [~
Element Table: &+ MNormal " Coefficients J l—l 4
Element | Zonc: b eazurament Threzshaold Intensity Fiatio ROl (ke) Chi2 [ Guant / alibration
Elml| Line |Code| Intensity | Emor [Backar. | Conc. | Emor | MOL [ Atom? |V alue|Conc Method ethod Lowe High | Fit Methuq’ TCC Coeff
K | Ka |1 807.71 5.75| 25.66| 2864| 0.000({0.0000 | 0.000]0.000( Gaussian Nane 3.250] 3375 005] FP | SEA0E.62 -
MCa| Ka | 1 452.84 523 2342] 2108 0.000({0.0000 | 0.000]0.000) Galssian Nane 3624 37s6[ 0.02] FP | 43951.51 i
12 Ti| Ka | 1 209.19 3.21] 2479] 0513 0.000{0.0000 | 0.000j0.000f Gaussian Nane 4418 4E04) 0.M FFP 3640597,
1Y | Ka | 1 18.38 1.85] 25.10] 0.022] 0.000{0.0000 | 0.0000.000f T Gaussian Nane 4872 5025 002 FP 5197147 =
14[Mn| Ka | 1 99.34 270 44.43] 0116] 000000000 [ 0.000J0.000] T Gaussian None 5799] B99[ 007 FP WA 324707
1 Fe| Ka | 1 6733.83] 17.77] 4554 6792] 0.000[0.0000 [ 0.000[0.000] T Gaussian Naone £.302| BEO0E[ 0.34] FFP | =
M & Py ing Conditions: M = P
o Mo. |Escape| Sum Back- |Backaground|Remove[Blank Spectrum| CAR Compton || Compton RO [keV]| Rayleigh || Ravleigh ROI (ke
Code
Smiths | Peak [ Peak | ground File Blank File Ratio [cds) Lawy | High [cds) Lawy | High
1 2 I Iv Ao I Iv 263.25) 20220 21.720 96.45| 21.720[ 22500
| Status: [Dpened file C:\CrossRoads ScientificASIR-FP Tutorial\FP Files\RockStd1.th [1 T of | On [2048 [20[0.59[ Mo [ 1

Figure 19. XRS- FP Expert Panel. Calibration coefficients (TCCs) are generated after selecting “Calibrate -> FP.”

18. Save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be re-
saved as “RockStd1.tfr" or as an alternate filename of choice.

19. Having obtained the TFR file above, select Setup -> Quant. This will bring up the “Setup FP
Calibration Method” dialog shown below in Figure 20. Now we want to combine the single
standard FP calibration with the previously obtained SIR calibration. To do this, select the radio
buttons for “FP with Scatter Ratios” with “One Standard.” In the “SIR-FP File Name” text box
double click to add the SIR file saved from the SIR calibration in step 12 above (e.g. Tutorial.sir).
Then click “OK”.

- o
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™ Setup FP Calibration Method

=2

Quant Analyzsiz Method
i Fundamental Parameters
* FP with Scatter Ratios

" Simple Least-5quare Fitting

FP Calibration Mode
" Standardless

+ One Standard

" Multiple Standards

SIR-FP File Name: |E:'\Eru:us&Fh:uad$ ScientifichSIR-FF TutarialhSIR FileshTutorial. sir

ak

Cancel

L

A

Figure 20. Setup FP Calibration Dialog. To combine the single standard FP calibration with the previously obtained SIR
calibration, select the radio buttons for “FP with Scatter Ratios” with “One Standard.” Then select “OK” to exit.

20. This will bring up the dialog shown in Figure 21. Select “Yes” to “Reset All Elements to the

SIRFP method?”

-

Leaving Quant XRF Method Setup

o]}

Yes

l 1 Rezet All Elements to SIRFP method?

Mo

A&
Figure 21. Leaving Quant XRF Method Setup Dialog. Select “Yes” to “Reset All Elements to the SIRFP method.

21. Now save the full FP and SIR calibration TFR file by selecting File -> Save As from the XRS-FP

Expert Panel. This can be re-saved as “FP_Cal_File_SIRFP.tfr" or as an alternate filename of

choice. This TFR file contains a link to the SIR file created previously (i.e., Tutorial.sir).

22. At this point we are ready to define a sample for analysis. From the XRS-FP Expert Panel set-up

the “Component Table” for an “unknown”. Clear the 3 “fixed” element lines at top (i.e. C, H20 and

Na20). Add 2 lines at the bottom of the “Component Table”. These are “fictional elements” at this

point. The Component name is left blank (see Fig. 22 below). Set the “Type” for these two lines

as “SIR-FP” (all other “Components” are set to “Calc”). Check that the “Thickness Information”

CrossRoads Scientific

DC
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23.

24.

25.

26.

Table is “Normalized” (check box selected) to 100%. Note that oxygen is determined by

stoichiometry.

¢ XRS-FP ‘ ' [ =
File Acquire Setup (Calibrate Process Help
Acquire KV:[40|(10->50) uA: [25 |(5->200) Preset: [300 | Time: [198.840 | %DT:[0.0 | |ICR:[po | OCR:op |
Specimen Component Table: Thickness Information:
i Camponent Type Canc. Error Units hole® Errar | Layer Mormalize
}: EZQDD EE:C giggg ggggg W::f 13331: ggggg I | Thick. ‘ Type | Enrar | Uriits ‘Denslty |F|xed oK | Total
= alc . il i .
1E[Mn0 Cale | 0.1500] 0.0152[wt% 0.0500] _0.0000 noo0| Euk [ 0000] maemz | 00000 BIVIET 10000
1 L 0.7150] 00000 [ w3 0.0000] 00000
1€ SIRFP 000007 0.0000 [wh% 0.0000| 0.0000 R
1c SIRFP | 0.0000] 0.0000]wt% 00000] 00000] | [ Global Threshold Settings
n-sigma v | (2000 Clear Conc Method [
Element Table: * Normal " Coefficients J |—| 4
o Element |[Conc Measurement Threshald Intensity Ratio ROI [ke] Chi2 [ Quant Calibration
Elml| Line [Code| Intensity Error Backgr. | Conc. | Erar | MDL | Atom® |Value|Conc|  Method ethod Low [ High [ Fit | Methad | TCC Coeff
10 Ka 0 0.000 0.0 0.00] 45.520] 0.000]0.0000 | 0.000]0.000] [ G augsian More 0.000] 0.000) 0.00] MNone 0ng -
2(Ma| Ka 1 1.764 085 9.31] 1.568| 0.000]0.0000 | 0.000]0.000] G augsian MHore 1.210[ 1.307| 0.02] SIRFP 1031E5.62 =l
JfAl | Ka 1 104.382 254 1218[11.114| 0.000{0.0000 | 0.000{0.000) | G aussian Mone 1.440[ 1533[ 0.10] SIRFP 110895.93 |
4[5 | Ka 1 352441 352[ 1071[ 22263 0.000{0.0000 [ 0.000[0.000] T G aussian MHore 1691 1.788[ 0.12] SIRFP 5150276
5P | Ka 1 1196 1.12| 1363 0.61] 0.000{0.0000 | 0.000]0.000] 5 augsian More 1.962 2.085( 0.04) SIRFP 1142576
N LELS Ka 1 43,529 1.81] 1510 0.715[ 0.000{0.0000 | 0.000]0.000] [ G augsian More 2263 2.361[ 0.01) SIRFP 36835.94 e
WL LP g Conditions: | M & P a
o No.  |Escape| Sum Back- | Backoround|Remove|Blank Spectum| C/R Compton | Compton ROI (keV]| Rayleigh | Ravleigh RO [ke']
ala
Smths | Peak | Peak | ground File Blank File Ralio [eds] Low | High [eds] Low | High
1 2 v v Auta I v 26325 20220 21720 9645 21.720] 22800 =
| Status: [C:\CrossRoads ScientificASIR-FP' Tutorial\FP Files\Cal_File_SIRFP.tfr {1 06| 0n [2048 |20 (059 No | 1
I \

Figure 22. XRS- FP Expert Panel. Add two blank rows at the bottom of the “component Table” to be used for the SIR-
FP elements in the analysis of the “unknown” sample.

From the XRS-FP Expert Panel open an “unknown” spectrum. For the purpose of this tutorial

select File -> Open -> “...SIR-FP Tutorial\FP Files\UnknownRock.mca.”

Now select: Process -> Spectrum -> All from the XRS-FP Expert Panel.

Then select: Process -> Analyze.

Now save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be

saved as “C:\CrossRoads Scientific\SIR-FP Tutorial\FP Files\UnknownRock_ FP-

SIR_AutoZ.tfr” or as an alternate filename of choice. See figure 23 below to compare the data

ontit D)
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obtained from the analysis of the “unknown” sample.

Page 21 of 37

= i =1 = e ————
# Thick Type Error Units Density HNorm. Total
1 0.00 Bulk 0.0 mg/cm2  0.00 on 100.00
ZaMple Tabhle meeeee e e e e e e e e e e e e o e e
Layer Component Type concn. Error Units Moled Error
1 Ea calc T95.11 116.858 ppm 0.030 0.004
1 Cu calc 189.61 4.785 ppm 0.01e 0.000
1 Mi Calc 83.469 10.919 ppm 0.007 0.001
1 Rb calc 148,32 8.630 ppm 0.009 0.001
1 5r calc 179.60 9,133 ppm 0.011 0.001
1 v Ccalc 221.74  26.440 ppm 0.023 0.003
1 Zr Ccalc 135.21 8&.487 ppm 0.008 0.000
1 F205 calc 0.3732 0.492 wh.% 0.138 0.182
1 5102 calc 48.033 0.785 wt. % 42,087 0.6861
1 Tin2 calc 0.862 0.019 wt. % 0.568 0.012
1 AR1203 Calc 21.174 0.728 wt. % 10.925 0.375
1 Felid3 calc 9.787 0.037 wh. % 3.224 0.012
1 cao calc 2.974 0.049 wt. % 2.790 0.048
1 Mgo Ccalc 2.622 1,789 wh.% 3.422 2,335
1 K20 calc 3.478 0.056 wt. % 1.942 0.031
1 Mno calc 0.151 0.006 wt. % 0.112 0.004
1 e calc 0.721 0.042 wt. % 1.183 0.070
1 N SIRFF 3.851 0.000 wt. % 14.466 0.000
1 o SIRFF 5.799 0.000 wt. % 19.069% 0.000
Element Taklg ——————————————— e
Elmt Line Cond Ratlo Intensity Error Intensity Conc. Conc Calibration
Code Code Method (c/s) (cis) Method Method Coefficient
o) Ka 0 None 0.000 0.0000 Gausslan 41.558 None 0.000
Mg Ka 1 None 1.764 0.8510 Gaussian 1.581 SIRFFP 103165.600
Al Ka 1 None 104.382 2.53&2 Gausslian 11.207 SIRFF 110895.3900
51 Ka 1 None 352.441 3.91&5 Gausslian 22,4583 SIRFF 51502.7&0
P Ka 1 None 1.194& 1.1151 Gaussian 0.163 SIRFF 11425.760
s Ha 1 Hone 43,529 1.8118 Gaussian 0.721 SIRFF 36835.940
K Ka 1 None 507.708 5.7542 Gaussian 2.887 SIRFF 56506.8680
E Ka 1 None 452,836 5.2860 Fausslian 2,125 SIRFF 43951.510
T1 Ka 1 None 209,188 3.2137 Fausslian 0.517 SIRFF 36405.370
v Ka 1 None 18.382 1.5499 Gaussian 0.022 SIRFF 51971.480
Mn Ka 1 None 99,3239 2.7048 Gaussian 0.117 SIRFF 32470.720
Fe Ka 1 None 67332.831 17.770 Gaussian G6.845 SIRFF 320515.300
Ni Ka 1 None 24,885 2.3018 Gaussian 0.008 SIRFF B3404.870
Cu Ka 1 Hone 53.348 2.3460 Gaussian 0.01%9 SIRFF 0.000
Rb Ka 1 Hone £1.767 2.12497 Gaussian 0.015 SIRFF 45275.890
5T Ka 1 None 62.071 2.2318 Fausslian 0.018 SIRFF 47553.230
kA o Ka 1 None 45,356 2.0131 Gaussian 0.014 SIRFF 49%012.100
a Ka 1 None 17.754 1.8450 Gaussian 0.080 SIRFF 3552374.000

Figure 23. Data from Unknown Sample (FP/SIR/AutoZ) . Data obtained from analysis of the unknown sample,
“UnknownRock.mca,” using the single standard FP calibration, the SIR calibration and “Auto Z,” where the software
estimates the two low-Z matrix elements.

27. Here is an example using the same single standard FP calibration as described above; however,

rather than allowing the software to estimate the 2 low-Z elements they are entered by the user

(i.e. fixed). This method is designed to be used if you know something about the unknown

sample. For the tutorial we will use H and N as our “preferred elements” in “Component Table”.

Enter these elements into the last two rows of the “Component Table.” Set the concentration

(“Conc.”) to zero and select “Type -> SIR-FP” (Fig. 24). Also check that the thickness information
is still normalized to a total of 100% (Fig. 24).

CrossRoads Scientific
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Specimen Component Table:

Thickness Information:

# Component Type Cone. Errar Unitg ale? Error Layer
}j EZQDD Ea:c gg;?g 10;;23 Wt ?gggg ggggg =l Thick. | Type | Errar | Units |Dens|ty |F|xed
g alc . A wh3 . .
TE[Mnid Calc | 01466 0.0058[wl¥ 0.0806]_0.0000 L0 TS 101 N 2 DT
THs— Cale——a:ma%2 | 0.0d12|wtx 0.8505] _0.0000
e[ ) L SIRFP | 00000 Ra0nn w3 73.1803] _0.0000 )
g N _J SELSIRFP | 0.000aiZel0000 [wt 2 330062 oooon) - [ Global Threshold Settings
— — [ Lo ] Clear | Copcldethod [

Figure 24. XRS- FP Expert Panel. Enter H and N as the two “fixed” elements in the “component Table.”

28. Now select Process -> Analyze (again). This time to get the concentration for the two “fixed”

elements, H and N.

29. Save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be
“C:\CrossRoads
SIR_FixedZ.tfr” or as an alternate filename of choice. See figure 25 below to compare the data

saved as

Scientific\SIR-FP  Tutorial\FP

obtained from the analysis of the “unknown” sample.

CrossRoads Scientific

Files\UnknownRock_FP-
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LAYET TAD1E o o o o o s e s s e s e e e e
# Thick Type Error Unlts Density HNorm. Total
1 0.00 Bulk 0.00 mgfcm?2  0.00 on 100.00
Sample Tablg ————————————————_——————————— e —————
Layer Component Type Concn. Error Units Moled Error
1 Ba calc 770.60 113.255 ppm 0.022 0.003
1 Cu Calc 183.80 4.619 ppm 0.011 Q.000
1 Hi calc BD.914 10.585 ppm 0.005 ©0.001
1 Rb calc 143,77 8.365 ppm 0.007 ©.000
1 5r Calc 174.08 8.852 ppm 0.008 0.000
1 v calc 214.97 25,633 ppm 0.016 ©O.002
1 Zr calc 131.05 8.226 ppm 0.006 O0.000
1 P205 calc 0.362 0.477 wh. % 0.099 ©0.131
1 5102 calc 46,617 0.733 wh. % 30.264 0.476
1 Tio2 calc D.835 0.018 wh. % 0.408 ©0.009
1 R1203 calc 20.535 0.706 wh. % 7.856 0.270
1 Fe20o3 calc 9. 487 0.035 wh. % 2.317 0.009
1 cao calc 2.883 0.048 wt. % 2.005 0.033
1 Mgo calc 2.545 1.737 wt. % 2.463 1.681
1 K20 calc 3.372 0.05 wh. % 1.396 0.022
1 Mno calc 0D.147 0.006 wh. % 0.081 0.003
1 s calc 0.699 0.041 wh. % 0.851 ©.050
1 H SIRFP 0.4%6 0.000 wh. % 19.177 0.000
1 H SIRFF 11.853 0.000 wh. % 33.008 0.000
Element Tabhle e e e e e e e e e e e e e e e e o o e
Elmt Line Cond Ratic Intensity Error Intensity Conc. conc cCalibraticn
Code Code Method {c/fs) (c/fs) Method Method Coefficilent
C Ka 0 Wone 0.000 0. 0000 Gaussian 0.000 None 0.000
H Ka 0 Wone 0.000 0.0000 Gaussian 11.853 Hone 0.000
u] K2 0 Wone 0.000 0.0000 Gaussian 40.321 Hone 0.000
Mg Ka 1 Hone 1.764 0.B8510 Gaussian 1.535 SIRFF 103165.600
Rl Ka 1 Wone 104,382 Z2.5362 Gaussian 10.868 SIRFF 110895.9%00
51 Ka 1 Hone 352.441 3.9165 Gaussian 21.791 SIRFF 513502.7&0
P Ka 1 Hone 1.194 1.1151 Gaussian 0.15 SIRFF 11425.760
5 Ka 1 Hone 43,529 1.8118 Gaussian 0.69%9 SIRFF 36835.9%40
K Ka 1 Hone 507.708 5.7542 Gaussian 2.799 SIRFF 563506.680
Cca Ka 1 Hone 452,838 5.2860 Gaussian 2.060 SIRFF 43951.510
T1 Ka 1 Hone 209.188 3.2137 Gaussian 0.50 SIRFF 36405.970
v K2 1 Hone 18.382 1.5499 Gaussian 0.021 SIRFF 51971.480
Mn Ka 1 Hone 99%.339 2.7048 Gaussian 0.114 SIRFFP 32470.720
Fe Ka 1 Wone 6733.831 17.7701 Gaussilan 6.636 SIRFF 30315.300
Hi Ka 1 Hone 24,8485 2.3018 Gaussian 0.008 SIRFF 83404.870
cu Ka 1 Hone 53.348 2.3480 Gaussian 0.018 SIRFF 0.000
Rb Ka 1 Hone 51.767 2.1287 Gaussian 0.014 SIRFF 45275.8%0
sr Ka 1 Hone 62.071 2.2318 Gaussian 0.o17 SIRFF 47353.230
Zr Ka 1 Hone 45,356 2.0131 Gaussian 0.013 SIRFFP 49%012.100
Ea Ka 1 Wone 17.754 1.8450 Gausslan 0.077 SIRFF 35352374.000

Figure 25. Data from Unknown Sample (FP/SIR/FixedZ) . Data obtained from analysis of the unknown sample,
“UnknownRock.mca,” using the single standard FP calibration, the SIR calibration and “Fixed Z,” where the user
enters the two preferred (“fixed”) low-Z matrix elements.

\/ MLSQ Calibration:

30. Having completed the analysis of an “unknown” sample using a single standard FP calibration
combined with the SIR calibration, we will now go on to use the MLSQ method to obtain an FP

calibration from all non-low-Z elements. First, from the XRS-FP Expert Panel: Select File ->

- )
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Open -> “C:\CrossRoads Scientific\SIR-FP Tutoria\MLSQ Files\RockStd1.tfr” (or equivalent
file location). See Figure 26 below.

Open

K95 <« CrossRoads Scientific » SIR-FP Tutorial » MLSQ Files - Search MLSQ Files

COrganize - MNew folder
Bl Desktop

& Downloads

%# Dropbox

=] Recent Places

. Libraries
@ Documents
J? Music
[ Pictures

B videos

*d Homegroup

1% Computer

File name:

Name

| ] MLSQ_Cal_Filetfr
|| MLSQ_Cal_File_SIRFP.tir

Date modified

8/28/2013 4:38 PM
8/28/2013 5:31 PM

Bz -
Type

TFR File
TFR File

0 @

X

||| RockStel tr

8/28/2013 4:36 PM

TFR File

|| RockStdl-with-SIRFP.tfr

__| RockStdl-with-SIRFP-fixed-elmts-C-F.tfr
| RockStd2.tfr

|| RockStd3.tfr

| RockStdd.tfr

8/28/2013 5:33 PM
8/28/2013 5:36 PM
8/28/2013 4:35 PM
8/28/2013 4:36 PM
8/28/2013 4:37 PM

TFR File
TFR File
TFR File
TFR File
TFR File

< |

RockStdl tfr

= | XRF Reports (“f)

[ oen I |

Figure 26. File Open Menu. Open the first MLSQ TFR file, e.g. “RockStd1.tfr”.

31. Now from the XRS-FP Expert Panel:

Select File -> Open -> “...SIR-FP Tutoria\MLSQ

Files\RockStd1l.mca” (this is the MCA spectrum file for our 1t MLSQ standard). A spectrum

similar to that below in Figure 27 will be displayed. Note that the spectra for this tutorial are

already adjusted and in calibration

CrossRoads Scientific
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-
4. Spectra-X { =HEC) ﬂ
| File View Process Setup Help |
C+\CrossRoads Scientific SIR-FP Tutorial MLSQ FilesRockStdL.mea
9.Sap-13 16:53:03
180000 H T
170000 -} ﬁ iceckse
E v '} Decon Fit
160000 R —
150000 3 : i
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130000 3 d : ; ;
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110000 3 : : |§| i
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= e ik | | [E ][ag Add| Del | Clear

Figure 27. MLSQ Standard Spectrum. Spectrum for the first MLSQ standard, “RockStd1.mca”.

32. Select: Process -> Spectrum -> All from the XRS-FP Expert Panel.

33. Then from the XRS-FP Expert Panel: Select Setup -> Quant. This will bring up the “Setup FP
Calibration Method” dialog shown below in Figure 28. Select the radial buttons for “Fundamental

Parameters” with “One Standard”. Then click OK. Note it is important to select single standard as

the “FP _Calibration Mode” as each standard used for the MLSQ calibration will first be processed

as a single standard and only later will these files be merged.

»etup FP Calibra

!: Quant Analyziz Method
f* Fundamental Parameters
i FP with Scatter Hatios

i~ Simple Least-5quare Fitting

AN

FP Calibration Mode
" Standardless

{+ One Standard

("~ Multiple Standards

SIR-FP File Name: |

CrossRoads Scientific

Cancel
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Figure 28. Setup FP Calibration Method. Select “Fundamental Parameters” for the “Quant Analysis Method” and
“One Standard” for the “FP Calibration Mode”.

34. Now select: Calibrate -> FP from the XRS-FP Expert Panel. This generates TCC’s which are

populated under the “Calibration TCC Coefficients” column in the “Element Table”.

35. Save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be re-
saved as “RockStd1.tfr” or as an alternate filename of choice.

36. REPEAT steps 30-35 above for ALL the individual MLSQ standards within the “MLSQ Files”
folder. Remember to select “Fundamental Parameters” with “One Standard” under the “Setup ->
Quant” Dialog for each of the four MLSQ standards (i.e. “RockStd1”, “RockStd2”, “RockStd3”,
“RockStd4”).

37. Having obtained the 4 TFR files above for the 4 MLSQ standards, select Setup -> Quant. This
will bring up the “Setup FP Calibration Method” dialog shown below in Figure 29. Now select the
radio buttons for “Fundamental Parameters” with “Multiple Standards”. Click “OK” to exit the
dialog.

IS¢ Setup FP Calibration Metho

: Quant Analysis Method FP Calibration Mode

f* Fundamental Parameters " Standardless

" FP with Scatter Ratios !: " One Standard

" Simple Least-5quare Fitting {+ Multiple Standards

SIR-FP File Name: |

Figure 29. Setup FP Calibration Method. Select “Fundamental Parameters” for the “Quant Analysis Method” and
“Multiple Standards” for the “FP Calibration Mode”.

38. If you have just finished an SIR-FP analysis from the previous step above it will prompt the

following dialog (see Fig. 30 below). Select “Yes”.

- o
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-

L

Leaving Quant XRF Method Setup

===

I 3 Reset All Elements to FP method?

Yes

Mo

A

Figure 30. Leaving Quant XRF Method Setup Dialog. Select “Yes” to “Reset All Elements to the FP method.

39. Now Select: Calibrate -> MLSQ from the XRS-FP Expert Panel. This will bring up the dialog,
“TFR Files for Multi-Standard XRF Calibration”, shown below in Figure 31.

"¢ TFR Files for Multi-Standard XRF Calibration - - = | B i
" List of TFF Files Data
TFF Standard Filename Elmt | Line | Conc || Intensity |MT [mafcm) TCC
1 | Double-Click here o load the TFR Standard file 0.000 0.000 0.000 0.00 =
MLSE Model
Save Load Choose ,%: g Calibrate Calibrate Plot
Calibration Calibration Model All
o Calibration Coefficients
Elmt | Line|-ode| Awerage TCC CC CC2 CC3 Low MT High MT
1 0 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -
tdeazurement & Processing Conditions: |
- ¥-Ray Source Chamber|  Time [zecs] Mo. |Escape|Sum || Back- |Remove
- Target | Filter kY | Aatmos | Preset | Actual |Smooths| Peak (Peak| ground | Blank
1 0.0 0o 0.0 1} B B B Exit

Figure 31. TFR Files for Multi-Standard XRF Calibration. Dialog displayed from the “Calibrate -> MLSQ” menu item.

40. Double click in the “TFR Standard Filename” cell to load the TFR filenames to be used for the
MLSQ calibration (eg. “RockStd1.tfr’). To add additional TFR files (standards) simply use the
down-arrow key to add a row. Then load “RockStd2.tfr” and subsequently use the same method
for the other two standards, “RockStd3.tfr" and “RockStd4.tfr”. See Figure 34 below.

CrossRoads Scientific
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41. Now click the “Choose Model” button in the “TFR Files for Multi-Standard XRF Calibration” dialog
(Fig 34). This will bring up another dialog called, “Define Model for MLSQ Fitting” (see Fig. 32
below). Select the type of model to be used by clicking on the “Ordinate (Y)” drop-down menu
button (Fig. 32). Select the “Intensity” model (model #9) in the “Ordinate (Y)” column for this
method (Fig. 33).

(" Define Model for MLSQ Fitting o] |

‘ Ordinate ) Ahscissa (%) #-Transform Falynomial

hMass Thick Mone Linear
|

TCC

Graph Schematic
TCC

ers for subsequent

Std. Conc

TCC = Theoretical Calibration Coeff [from FP cal]
|ntenzity = Meazured Intensity
Std. Conc = Concentration in Standard

Mazs. Thick = Mass Thickness
Theor.Intens = Theoretical Intensity Calc by FP
Calc.Cone = Calculated Conc by FP

Mone = Calculate Average
Log = Matural Logarithm
Fec = Reciprocal

b azz Thick

Exit

L
Figure 32. Define Model for MLSQ Fitting Dialog. Under the “Ordinate (Y)” column select the drop-down menu
button to select the type of model to be used with this method.

The fitting “Polynomial” can either be “Linear” (Slope & intercept) or quadratic, which has an
additional quadratic term. Use “Linear” for this tutorial.

DC
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"¢ Define Model for MLSQ Fittng TR [ o ||

Ordinate () Abscissa () »- Transform Faolynomial

Intensity -« | Theor.Intens Mone Linear

Graph Schematic

Chooze madel parameters for subsequent
least-squares fitting... Intersity

TCC = Theoretical Calibration Coeff [fram FP cal]
Intensity = Meazured [ntensity
Std.Canc = Concentration in Standard

M azz Thick = Maszz Thickness
Thear.Inteniz = Thearetical Intensity Cale by FP
Calc. Conc = Calculated Caonc by FP

Mone = Calculate Average
Log = Matural Logarithm
Rec = Reciprocal

Thear. Intens

Exit

Figure 33. Define Model for MLSQ Fitting Dialog. Under the “Ordinate (Y)” column select the drop-down menu
button to select the “Intensity” model (model #9). Note this is the ideal model for use with this method.

Then click the “Exit” button to go back to the main “Calibrate -> MLSQ” dialog.

42. In the “TFR Files for Multi-Standard XRF Calibration” dialog click on the “Calibrate” button. See
figure 34 below. Note: The “Calibrate” button is used if each standard has ALREADY been

calibrated individually, as if each one were a single standard (as done in this tutorial).

Recommended Method for MLSQ Calibration:

A. Calibrate each standard for the MLSQ calibration as if it were a single standard
(individually). Then load these TFR files into the MLSQ calibration (as done in this tutorial).
Now select the “Calibrate” button.

B. Alternatively, the “Calibrate All” button can be used which does the spectrum processing
and single standard calibration for each standard listed in the “List of TFR Files”. We
recommend the user follow the method described in (A) above, as it allows for a better
understanding of the process and is more controllable.

- o
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¢ TFR Files for Multi-Standard XRF Calibration =B &
& List of TFR Files Data
TFR Standard Filename Elmt || Ling | Conz || Intensity |MT [madom?) TCC

1 | C:ACrozsRoads ScientifichS1R-FF TutoiahMLSQ Files\RockStd... | MNa Ka 0.000 0.000 0.000 0.00

2| C:ACrozsRoads ScientifichS1R-FF TutoriahML5@ Files\RockStd... | Na ka 2218 0.070 0.000 £2801.76 el
3| C:ACrossRoads ScientifichSIR-FP TutoriahMLS 0 Files\RockStd.. | Ma ka 0.058 0.525 0.000] 19818000.00

4 | C:\CrozzRoads ScientifichSIR-FP TutanalhkL50 Files\RockStd.. Ma Ka 0.650 0.019 0.000 R8479.09

7 MLS0 Model )
Save Load hDDSE . Calibrate
Clear | libration | Calibration d @Cﬁ"b’ﬁ‘92 All Al ‘
o Calibration Coefficients
Elmt | Line||Zode|  Awerage TCC CC CC2 CC3 Lo T High T

1fMHa [ka | 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

2 Mg [ka | 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
fa (ka1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 b
a5 [kaf 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

5l P ka |1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Gl § ka | 1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
teasurement & Processing Conditions: |

- #-Ray Source Chambel| Time [secs] Mo, |Escape| Sum || Back- |Remowe

Zode

Target | Fiter | kW || Atmos | Preset | Actual |Smoaoths| Peak |Peak| ground | Blank
1 Ag Mone | 40.0] A [l1] 0.0 2 v v Auto [ =] Exit

Figure 34. TFR Files for Multi-Standard XRF Calibration Dialog. All four MLSQ standards saved from step 36 above
(i.e. “RockStd1.tfr”, “RockStd2.tfr”, “RockStd3.tfr” and “RockStd4.tfr”) have been loaded. The “Choose Model” button
brings up the dialog called “Define Model for MLSQ Fitting”, where the type of model is selected. Ideally this is the
“Intensity” model (model #9). Select the “Calibrate” button to perform the full MLSQ calibration.

43. The “Plot” button displays the least squares plot for each element (see Figs. 35-36). The
“Pervious” and “Next” buttons display plots for all the elements. Click the “Next” button to scroll
through all the plots and observe the quality of the fit for each element. Having scrolled through

all elements the dialog will automatically close, or you can use the “Exit” button.
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'l B ™y
X MLSQ Least Squares Plat I&
Alntens Al MLSQ Plot: Y = 0.e+00 + 1. 15328e+05X
<= Theor.Int x 1000000 1000 -=
[+ Show Origin at {0.0)
Previous Next | Print ‘ Copy ‘ Save ‘

Figure 35. MLSQ Least Squares Plot for Al. Least squares plot for Al.

" MLSQ Least Squares Plot

Alntens Fe MLSQ Plot: Y = -2 68056e+02 + 3 14258e+04X

= 0 Theor.Int x 1000000 300000 -=

¥ Show Origin at {0.0)

Previous

Figure 36. MLSQ Least Squares Plot for Fe. Least squares plot for Fe.

- o
CrossRoads Scientific LN 25-Feb-16



XRS-FP SIR-FP Tutorial Page 32 of 37

44. Now click the “Save Calibration” button (see Fig. 37 below) to save the full MLSQ calibration
file. This will save 2 files for the MLSQ calibration (an *.Isq file and a *.tfr file). For example, the
two files saved in this tutorial are the default names: “MLSQ_Cal File.lsq” and
‘MLSQ_Cal_File.tfr.” Save these files in this location: C:\CrossRoads Scientific\SIR-FP
Tutoria\MLSQ Files.

TFR Files for Multi-Standard XRF Calibration =B X
" List of TFR Files Data

TFR Standard Filenarme Elmt | Line | Conz | Intensity [MT [madcms) TCC
1] C:MCrossFoads ScientifichSIR-FP Tutarial\MLSE Files\RockStd.. | MNa Ka 0.000 0.000 0.000 0.00
2| C:\CrozsHoads ScientifichSIR-FP Tutorial LS50 FileshRockStd... Ma Ka 2218 0.164 0.000 0.ao s
3| C:MCrossHoads ScientifichS1R-FP Tutorial\MLSE Files\RockStd.. | Ma Ka 0.058 0.582 0.000 0.00
4 | C:M\CrossFoads ScientifichSIR-FP Tutarial\MLSE Files\RockStd.. | MNa Ka 0.630 0.083 0.000 0.00

ML50 Model .
Load Choose KB Calibrate Calibrate Plot
Calibration Model All
" Calibration Coefficients
Elmt | Line|Zode| Awerage TCC CC CC2 CC3 Lo AT High T

1]Na |[Ka ] 1 7470189.50000 4866624 167853.68750 0.00000 9353900000 9353.00000

2 Mg |[Ka ] 1 113357.12600 9.57088 13217275000 -0.52544 9359.00000 9999.00000 ]

3l al [Ka] 1 118246.94531 45.96695 115327, 70313 0.00000 9359.00000 9999.00000 oo
415 |Ka]1 50325.79297 BE.06004 50533.46034 0.00000 93533.00000 333300000

5] F Ka| 1 18444 56445 39.64972 13941.78711 0.00000 9359.00000 9999.00000

Gl S Ka | 1 70962.53906 252.30028 5437938672 -3.82956 9359.00000 9999.00000
tMeasurement & Processing Conditions: |

- ¥-Ray Source Chambel| Time [zecs] Mo, |Escape| Sum || Back- |Remove

. Target | Filker | KV | Atmos | Preset | Actual [Smooths| Peak |Peak| ground | Blank

1 g Mome | 400 A 0.0 [ v Iv At I Exit

Figure 37. TFR Files for Multi-Standard XRF Calibration Dialog. Save the full MLSQ calibration (an *.Isq file and a *.tfr
file) using the “Save Calibration” button.

45. We now have a complete MLSQ calibration in addition to our SIR calibration. At this point the two
methods can be combined and used for analysis of an unknown sample. From the XRS-FP
Expert Panel open the TFR saved from the MLSQ calibration (step 44 above). For example,
select File -> Open -> “MLSQ_Cal_File.tfr”.

46. Now from the XRS-FP Expert Panel: Select Setup -> Quant. This will bring up the “Setup FP

Calibration Method” dialog shown below in Figure 38. Select the radio buttons for “FP with
Scatter Ratios” with “Multiple Standards”. In the “SIR-FP File Name” text box double click to

ontit D)
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add the TFR file saved from the SIR calibration in step 12 above (e.g. Tutorial.sir). Then click
KEOKH.

" Setup FP Calibration

Quant Analysis Method FP Calibration Mode
: " Fundamental Parameters (" Standardless
¢+ FP with Scatter Ratios !: (" One Standard

" Simple Least-Square Fitting (* Multiple Standards

SIR-FP File Name: |E:'\En:|$3Fh:|ad$ ScientifichSIR-FP TutorialhSIR FileshTubaorial. sir

0K Cancel

Figure 38. Setup FP Calibration Method Dialog. Select “FP with Scatter Ratios” for the “Quant Analysis Method” and
“Multiple Standards” for the “FP Calibration Mode”. Load the SIR-FP File name saved from the SIR calibration (e.g.
Tutorial.sir).

47. This will bring up the dialog shown in Figure 39. Select “Yes” to “Reset All Elements to SIRFP

method?”

Leaving Quant XRF Method Setup l-""*""-J

I L Reset All Elements to SIRFP method?

Yes Mo

A
Figure 39. Leaving Quant XRF Method Setup Dialog. Select “Yes” to “Reset All Elements to SIRFP method?”

48. At this point we are ready to define a sample for analysis. From the XRS-FP Expert Panel set-up
the “Component Table” for an “unknown”. Clear the 3 “fixed” element lines at top. Add 2 lines at
the bottom of the “Component Table’. These are “fictional elements” at this point. The

Component name is left blank. Set the “Type” for these two lines as “SIR-FP” (all other

>
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“Components” are set to “Calc”). Check that the “Thickness Information” Table is “Normalized”
(check box selected) to 100%. See Figure 40 below.

-
e . i
File Acquire Setup Calibrate Process Help
| Acquire KV:[40|(10-550) uA: [25 _|(5->200) Preset: Time: (214110 | %DT:[0.0 | ICR:[0.0 | OCR:[on |

Specimen Component Table: Thickness Information: _—

i Companent Type Conc. Emnor Unitz tdolef Ernor | Layer mnrma\ize

v ) N = M B = %

Al . w7 |

1€[Mnd Cac | 0.0500] 0.0600[wt% 0.0500] _0.0000 ool ek [ 0000 mgoz | 0moofil]

a0 {Calc 0.1500]  0.0000 ] wt.% 0.0000] 0.0000

= SIRFF T~ il000|  0.0000]wt.% 0.0000] 0.0000 )

— SIFFE e 000 | 0.0000[wi% 00000 0.0000] | [ Global Threshold Settings
— n-sigma ~| (2.000 Clear Conc Method [

Element T able: * Mommal " Coefficients J |—| 4

4 Element | Zonc Measurement Thiezhold Intensity Ratio ROI [ke¥) Chi2 | Guant Calibration

Elml| Line [Code| Intensity | Enor | Backor | Conc. | Emor | MDL || Atom? |alue|Conc|  Method Method Low [ High | Fit | Method | TCC Coeff

AliMal Ka [ 1 7.54 094 9.43| 4.885] 0.000{0.0000 [ 0.000]0.000] [ Gaugsian None 1.2100 1.307] 0.04] FF 11338710 -
EJal| Ka [ 1 E5.84 1.94] 11.40( 7145 0.000{0.0000 [ 0.000j0.000{ Gaussian None 1.440( 1.533[ 005] FP 116246.90 |
7lsi| Ka [ 1 440.28 424 9,56 26.490] 0.000[0.0000 | 0.000]0.000] T Gaugsian None 1.E91| 1.788[ 0.25] FF 50925.79 15
BlP [ Ka [1 [ 111 11.41] 0.000] 0.000/0.0000 | 0.000)0.000] [ Gaugsian None 1.962| 2.085| 0.24] FF 18444.56

als [ ka [ 1 1471 1.5 13.23] 0.150] 0.000/0.0000 | 0.000)0.000] Gaugsian None 2253 2361] 000) FF 7096254

1K | Ks [ 1 198.95 363] 2328 1154 0.000{0.0000 [ 0.000j0.000{ Gaussian None 3250{ 3375( 004] FP 57676.94 =
Measurement & Processing Conditions: M t o P

e Mo, |Escape| Sum Back- |Background|Remove|Blank Spectrum| C/R | Compton | Compton RO (kev)| Rapleigh | Rayleigh ROI [kel]

Zode

Smiths | Peak [ Peak | ground File Blank. File Ratio [ds) Laow | High [cds] Law | High
1 2 v I Auto I v 370.89] 20.220] 21.720 108.93] 21.720] 22500
| Status: [Dpened file C:\CrossRoads Scientific\SIR-FP Tutorial\MLSH Files\MLSA_Cal_File.th |9 [ 0f | On [2048 [20 (059 No | 1
[ [

Figure 40. XRS- FP Expert Panel — Define a Sample for Analysis. Delete the first 3 “fixed” elements in the
“Component Table” and add 2 lines at the bottom of the “Component Table” for analysis of the “unknown”. Leave the
“Component” field blank and set their “Type” to “SIRFP” (all other “Components” are set to “Calc”). Check that the
“Thickness Information” Table is “Normalized” to 100%.

A.

Note: For analysis using the SIR-FP method two elements must be designated as type “SIR-FP”

in the “Component Table”. There are two ways to do this:

Either specify the 2 elements in the “Component Table”. For example, if the low-Z

unanalyzed material might be a hydrocarbon then H and F could be defined.

Or leave the 2 components blank in the “Component Table” (as described above). If the
components are left blank the software will find two elements that estimate what the low-Z

unanalyzed material is.

49. Now save the full MLSQ and SIR calibration TFR file by selecting File -> Save As from the XRS-
FP Expert Panel. This can be re-saved as ““C:\CrossRoads Scientific\SIR-FP Tutoria\MLSQ
Files\MLSQ_Cal_File_SIRFP.tfr” or as an alternate filename of choice

- o
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50. Now from the XRS-FP Expert Panel open an “unknown” spectrum for analysis. For the purpose of
this tutorial select File -> Open -> “...SIR-FP Tutoria\MLSQ Files\UnknownRock.mca.”

51. Select: Process -> Spectrum -> All from the XRS-FP Expert Panel.

52. Finally select: Process -> Analyze from the XRS-FP Expert Panel. This will perform the full
analysis of the “unknown” using the combined SIR-FP and MLSQ methods, thus yielding
elements with concentrations that estimate the 2 “blank elements” for low-Z unanalyzed material,
as well as concentrations for the other elements analyzed in the unknown sample. See figure 41

below to compare the data obtained from the analysis of the “unknown” sample

== i =1 4 = —————
# Thick Type Error Units Density HNorm. Total
1 0.00 Bulk 0.00 mg/cm2  0.00 on 100.00
Sample Table ———ee e e e e e e e e e ——————— e e
Layer Component Type concn. Error Units Molek Error
1 Ea calc 1087.89% 155.503 ppm 0.047 0.007
1 cu calc 253.43 24,305 ppm 0.024 0.002
1 Hi Calc 111.49 12.097 ppm 0.011 d.001
1 Rb calc 145,23 11.582 ppm 0.010 ©.001
1 5r calc 182.34 15.133 ppm 0.012 0.001
1 v calc 270.80 £0.101 ppm 0.031 0.003
1 Zr calc 130.84 7.362 ppm 0.008 0.000
1 F205 calc 0.307 0.287 wt. % 0.128 0.119
1 5102 calc 4g.848 0.717 wh. % 43,111 0.706
1 Tio2 calc 0.933 0.022 wt. % 0.6%91 0.016
1 R1203 calc 20.522 0.761 wh. % 11.911  0.442
1 Fe2D3 calc 5.823 0.044 wh. % 3.640 0.016
1 cao calc 2.722 0.051 wt. % 2.872 0.053
1 Mgo calc 2.681 1.364 wh. % 3.936 2.003
1 K20 calc 3.318 0.068 wt. % 2.084 0.042
1 Mno calc 0.141 0.007 wh. % 0.117 0.006
1 3 Calc 0.534 0.055 wh. % 0.985 0.102
1 N SIRFP 1.821 0.000 wt. % 7.6%94 0.000
1 o SIRFP 3.540 0.000 wh. % 13.0%3 0.000
E1CMENE TADlE s e e e o e e e e o o e, e
Elmt Line Cond Ratic Intensity Errcr Intensity Conc. Conc Calibraticn
Code Code Method {cfs) (cis) Method Method Coefficient
o Ka 0 None 0. 000 0.0000 Gaussian 46.202 None 0.000
Mg Ka 1 None 1.764 0.8510 GCaussian 1.617 SIRFF 113387.100
Al Ka 1 Hone 104,382 2.5362 Gausslan 10.861 SIRFF 118246.9%00
51 Ka 1 Mone 352.441 3.9165 Gaussian 22,834 SIRFF 50925.79%0
P Ka 1 Hone 1.19%6 1.1151 Gausslan 0.134 SIRFF 18444,560
5 Ka 1 Hone 43,529 1.8118 Gaussian 0.534 SIRFF 7T0962.540
K Ka 1 None 507.708 5.7542 GCaussian 2.754 SIRFE 57676.940
ca Ka 1 Hone 452,836 5.2860 Gausslan 1.945 SIRFF 49934.9%%0
Ti Ka 1 Mone 209.1488 3.2137 GCaussian 0.559 SIRFF 33556.480
Vi Ka 1 Hone 18.382 1.5499 Gausslan 0.027 SIRFF 47622.9%00
Mn Ka 1 Hone 99.339 2.7048 Gaussian 0.109 SIRFF 39846.670
Fe Ka 1 None 6733.831 17.7701 Gaussian 65.871 SIRFF 29381.59%0
Ni Ka 1 Hone 24,885 2.3018 Gausslan 0.011 SIRFF 68170.730
cu Ka 1 Mone 93.348 2.3460 GCaussian 0.025 SIRFF 231839.300
Rb Ka 1 Hone 51.767 2.1297 Gausslan 0.015 SIRFF 44298.39%0
5r Ka 1 Hone 62,071 2.2318 Gaussian 0.018 SIRFFP 47402.430
Zr Ka 1 None 45,356 2.0131 Gaussian 0.013 SIRFF 50522.9%60
Ba Ka 1 Hone 17.754 1.8450 Gausslan 0.109 SIRFF 2504930.000

Figure 41. Data from Unknown Sample (MLSQ/SIR/AutoZ) . Data obtained from analysis of the unknown sample,
“UnknownRock.mca,” using the MLSQ calibration, the SIR calibration and “Auto Z,” where the software estimates the
two low-Z matrix elements.
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53. Save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be
saved as “C:\CrossRoads Scientific\SIR-FP Tutorial\MLSQ Files\UnknownRock_ MLSQ-

SIR_AutoZ.tfr” or as an alternate filename of choice.

54. Here is an example using the same MLSQ calibration as described above; however, rather than
allowing the software to estimate the 2 low-Z elements they are entered by the user (i.e. fixed).
This method is designed to be used if you know something about the unknown sample. For the
tutorial we will use H and O as our “preferred elements” in “Component Table”. Enter these
elements into the last two rows of the “Component Table.” Set the concentration (“Conc.”) to zero
and select “Type -> SIR-FP” (Fig. 42). Also check that the thickness information is normalized to
a total of 100% (Fig. 42).

Specimen Component Table: Thickness Information:
# Companent Type Cone. Errar Units Male® Errar Layer Mol
14) Mol Calc 2BE1) 13642 |wit% 3.9365) 0.0000 ) Thick. Type Erar Urits Density | Fived|| OK Total
1E[K20 Calc 3.3173| 0.0676 |wt% 20844 | 0.0000 o DDUD! Bk ! DDDD} malom? } DDDD! BRI ( 1
1E[ MO Calc 01407 0.0073 [wt.3 0.1174| 00000 = =
e L ——BE3R [ 0.0560 w3 0.9846| 0.0000
ViEET [ SIRFP | 00000 o0 [wkx 7.6940]_0.0000 _
\\E 0 J ST SIRFP [ 0.000LLgeinnn w3 130931 00000] [ Glebal Threshold Settings
- —— Insiana E) sigma > 12000 Clear Conc Method

Figure 42. XRS- FP Expert Panel. Enter H and O as the two “fixed” elements in the “component Table.”

55. Now select Process -> Analyze (again). This time to get the concentration for the two “fixed”

elements, H and O.

56. Save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be
saved as C:\CrossRoads Scientific\SIR-FP TutorialMLSQ Files\UnknownRock_ MLSQ-
SIR_FixedZ.tfr” or as an alternate filename of choice. See figure 43 below to compare the data

obtained from the analysis of the “unknown” sample.
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0
Mg
Al
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5
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Ca
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Fe
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cu
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Zr
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ck Type Error Units Density HNorm. Total
0 Bulk 0.00 mgScm2 0.00 on 100.00
Component Type concn. Error Units Mole% Error
BEa calc 1090.20 155.833 ppm 0.023 0.003
Cu calc 253.95 24.355 pom 0.012 0.001
Mi calc 111.72 12.123 ppm 0.006 0.001
Rb calc 14%.54 11.606 pom 0.005 ©.000
5r calc 182.73 15.165 pom 0.006 ©.001
v calc 271.34 40.182 pom 0.016 0©.002
Zr calc 131.12 7.377 ppm 0.004 0.000
F205 calc 0.308 0.287 wh.% 0.064 0.059
3102 calc 48.937 0.718 wh.% 23.917 0.351
Ti02 calc 0.935 0.022 wh.% 0.344 0.008
RA1203 calc 20.563 0.762 wh.% 5.922 0.220
FelZ03 calc 9.843 0.044 wh.% 1.810 ©.008
cao calc 2.72T7 0.051 wh.% 1.428 0.027
Mgo calc 2.686 1.367 wh.% 1.957 0.996
K20 calc 3.325 0.068 wh.% 1.036 0.021
Mno calc 0.141 0.00 wh.% 0.058 0.003
5 calc 0.535 0.055 wh.% 0.48% {0.050
H SIRFP 0.371 0.00 wh.% 10.805 0.000
0 SIRFP 51.099% 0.00 wh.% 93.786 0.000
Element Table -
Line Cond Ratic Intensity Error Intensity Conc. Conc cCalibraticon
Code Code Metheod (c/s) (c/s) Method Method Coefficilent
Ea 0 Mone 0.000 0.0000 Gaussian 0.370 HNone 0.000
Ka 0 Mone 0.000 0.0000 Gausslian 92,730 Hone 0.000
Ka 1 WHone 1.764 0.8510 Gaussian 1.620 SIRFF 113387.100
Ka 1 Mone 104.382 2.5362 Gaussian 10.883 SIRFF 1182446.900
Ea 1 Mone 352,441 3.9165 Gausslian 22,875 SIRFP 50925.7%0
Ea 1 Mone 1.196 1.1151 Gaussian 0.134 SIRFFP 18444, 560
Ea 1 Mone 43,5249 1.8118 Gaussian 0.535 SIRFFP 7T0962.540
Ka 1 mone 507.708 5.7542 Gaussian 2.760 SIRFF 57676.940
Ka 1 Mone 452,836 5.2860 Gaussian 1.949 SIRFF 49934,99%0
Ka 1 Mone 209.148 3.2137 Gaussian 0.560 SIRFFP 33556.480
Ea 1 Mone 18.382 1.54£9% Gaussian 0.027 SIRFP 47622.900
Ea 1 Mone 99,339 2.7048 Gaussian 0.109 SIRFP 359846.670
Ea 1 Mone 6733.831 17.7701 Gaussian 6.885 SIRFP 259381.5%0
Ka 1 mone 24,885 2.3018 Gaussian 0.011 SIRFF 68170.730
Ka 1 WHone 93.344 2.3460 Gaussian 0.025 SIRFF 23183%.300
Ka 1 Mone 51.767 2.1297 Gaussian 0.015 SIRFF 44298, 390
Ea 1 Mone 62.071 2.2318 Gaussian 0.018 SIRFP 47402.430
Ea 1 Mone 45,356 2.0131 Gaussian 0.013 SIRFP 50522.960
Ea 1 Mone 17.754 1.8450 Gaussian 0.109 SIRFFP 2504530, 000

Ba

Figure 43. Data from Unknown Sample (MLSQ/SIR/FixedZ) . Data obtained from analysis of the unknown sample,
using the MLSQ calibration, the SIR calibration and “Fixed Z,” where the user enters the two
preferred (“fixed”) low-Z matrix elements.

“UnknownRock.mca,”

CrossRoads Scientific

X

25-Feb-16



