Und

A practical guide James P. Willis
with worked Andrew R. Duncan
examples

Quantitati
~analysis and special
sample preparation
and presentation
methods



Table of Contents

Foreword
F.1 INTRODUGCTTON s s v simwniuies s 5 seomi s s & s 6§ it s 5 4 omasionss s ¢ § 6mssssins § 5 5 $HGanes ¥ 3 § Soeshon s o F-1
F.2 ACKNOW LED GEMEN TS Lttt ttittitt sttt et ettt e e e et et et et e e e e e e e e e e eaeeaeeeaneennenneness F-2
F.3 BB LI G R A PH Y Lt e e F-3
F.4 SYMBOLS AND TERMINOLOGY ..ittitiitiiiiiiiittiteeteiteateateaneaaenaeaaeasaasenneaneaneanernernenns F-4
F4.1 SVIMDONS ;s ¢ o v smommmt o 5 s 15 ¥ DUREHEE » & 5§ SRR ¥ ¥ § ARREHNS & 5 5 GNER0E § 5 1 SoEREaTeE §§ § IR F-4
F.4.2 Influence CoeffiCiENES . .. e e e F-6
F4.2.1 In the Rousseau algorithmi. ... e F-6
F.4.2.2 In the Lachance-Traill algorithm......coviiiiii i e F-6
Chapter 13: Introduction to Quantitative Analysis (1) - Choice of Counting
Positions and Determination of Background Intensity
13:1  BASIC TERMINOLOGY :: nwmrn v o canmumns s & ¢ simmmsns ¢ 4 8 sasiion & § § ssisnss s 5 & Gosenisss § 5§ 5 SEmvaain s s § sasis 13-1
13.2 CHOICE OF INSTRUMENTAL PARAMETERS AND ANGULAR POSITIONS.........cccvvueens 13-1
13.2.1 Selection of X-ray TUDE ANOAE ....viiii i e e e e e eae e 13-1
13.2.2 Selection of Analysing Crystal.......ooiiiiii i e 13=1
13.2.3 Selection OF DELECLOFS v« : : suwsmus s+ & suwnns £ vumisman s & ¢ GEs s « 5 FoRmEm s+ 4 & aaamasn 2355 o 13=2
13.2.4 Selection of ANalyte LiNES ... e e 13-2
13.2.5 INfiNIEE THICKNESS .ttt e e et e ane e 13-4
13.2.6 B CaSE SLUCY omp s o s sumemmens s = s semmnisss s s & Samemee <5 5 SOuHaaes 555 S« § 3 Srpbamim « 4 4L § s 13-4
13.2.7 Selection of Peak and Background Counting Positions ........ccvivvviviiiiiiiinnnnnn. 13-7
13.3 CALCULATION OF BACKGROUND INTENSITY BENEATH A PEAK ...oiiviiiiiiiiiiiiienaens 13-9
13.3.1 0l Yo 6 o[ 13-9
8 0C JC J0 A 11l o Vo Y () 13-11
13.3.3 MELROE (B):is s s ¢ cmssssmn s s v smsvsss s 5 s wosmsenss s ¢ § Swmmmesas s 5 § Saissn § 3§ 4 PRI S 5 5 § VRBRARERS ¥ 5 § & visiriars 13-11
0C JC T 1 Yl o o o ([ 13-12
13.3.5 7= o o Yo I ) 13-12
13.3.6 <o o Yo I = T 13-12
13.3.7 MEERNOE () s a s smmon s va s sovmmnan 5 5 smnns ¢ ¢ 4 g s s 55 Suidmnions s § 3 § Sseinisss § 5 & Comeieiinte s 45 7 6 oatins 13:13
13.3.8 =1 o Yo I (3 13-13
13.3.9 1= o T Yo I € ) 13-15
13.3. 10 MEENOU (1) sums s s o susmisnmins + 5 smscvisimn s 5 rsimsvresn s s+ § swalisnses 3 8 6 € SHRRAAE § § 4 WA § 8 § SRR 3 1 § ¢ St 13-16
134 REFERENGCES iuuountcsvommmmmn sy s ummnin s s 5 sosiinms s o 5 G s s 5 Sxawanss § 5 8 wmsmians £ 8 6 0o + ¥ 7 estins 13-16
Chapter 14: Introduction to Quantitative Analysis (2) - Correction
Procedures for Spectral Interference and Crystal Fluorescence
14.1 CORRECTION PROCEDURES FOR SPECTRAL INTERFERENCE (1)....ceiviviiiiiiiinennnnn. 14-1
14.1.1 Interference from elements present in the sample ......ccoovviiiiiiiiccie e, 14-1
14.1.2 Example 1 — analysis of Rb, Srand Y .....cwvese:scummmm s ommmen s o0 smomsms s £ 5 5 nemmss 14-3
14.1:3 Examiple 2 = analysis Of Ce ant NA ww s« cummnns s o comsmmmns v v ¢ ansemsn s s 8 asivais 5 5 sommms 14-9
14.2 CORRECTION PROCEDURES FOR SPECTRAL INTERFERENCE (2)...ccvvvviviiiiininnnn. 14-13
14.2.1 Interference from elements present in the X-ray tube............cciiiiil, 14-13
14.2.2 Removal of interfering tUbe PeakSuus s « s vuupsmsia s « sommmnins s 5 5 smmamms s 3 & sseresmiss 5 & a5 14-13
14.2.3 Correction Using intensity ratio 'to a tube lIN€: ... cuumais s s s o v v wsmins s o ¢ v 14-14
14.2.4 (@fo]a gr=TotuTo) o I =] [ T 1N G 14-15
14.2.5 Example 3 - correction for tube-peak interference (method 1)..............c..... 14-15
14.2.6 Example 4 - correction for tube-peak interference (method 2).................... 14-18
14.3 CORRECTION PROCEDURES FOR CRYSTAL FLUORESCENCE.......cccicviiiiiiiieaiennnn. 14-21
8 O ] ] 14-23



Chapter 15: Introduction to Quantitative Analysis (3) - Methods of Trace
Element Standardisation, Determination of Counting Error and
Lower Limit of Detection

1 0 R V20 1 16 L 1 ] PP 15-1
15.2 METHOD OF STANDARD ADDITION ..uuueiiiiiiiitteteeeeeeieeseeaeeeeeaneenneenneenneennens 15-2
15.2.1 TECRNIQUG s - coimis = samsnmmnnt § Amsamaes » avsEHaaEs & RS § MARSRERRRE & s aEaEE § SR asEE & SHs 15-2
15.2.2 INOEES .. et nie o = o 5w imia e o SRR § 3 SRR G § SRS 5 FECANTRA § ¥ R A5 § 7 & SFRRRARHE § & 598 15-2
15.3 METHOD OF STANDARD DILUTION . ..ttt et iaeveasie e e s e s aaeenneeaneenaens 15-3
15.3:1 B = L L O T DR P N IO 15-3
15:3.2 INOEES ¢ cicvmnsnns s ssmsmnnmins & svmsaisms & ¢oasmsamte  § SaEams & & SRamaas « ¥ SHEEEH(EE « SSWETasss § 4EREaRRme = & & 07 15-3
154  USE OF AN INTERNAL STANDARD ::icvncss s cossmmnnn s sosmmsss s ansmns & 6omsemmms s 50 csamasans s s 15-3
15.4.1 L=l 11 e 6= 15-3
15.4.2 =L S U T 15-4
15.5 EXTERNAL COMPARISON STANDARDS s « s ssmims s s susmmns ¢ 5 aursasiesn s 5 rssasis o £ aossssss s fo8 15-6
15.5.1 Without correction for MatriX EffECS . .usemns: commmunma s o svsmmmes » s msmames « s dawaeas 2555 15-6
15.5.2 With correction for matrix effects. ..o 15-7
15.5.2.1  RegresSion Of Y ON X uuiiiiiiiiiit ettt et et e et e et e e e s anee e ane e eaneeenns 15-8
15.5.2.2 Reduced Major Axis (RMA) REGIreSSION wua:xcswssmans s vummuanns « s swsmmsses s o 8 sanseni s o v s 15-8
15.5.2.3 Constrained regression through the origin.cieca . oo e 15-8
15.5.2.4 Single point calibration ..o e 15-9
15.5.2.5. Weighted regreSSiOn .......vieiiiiiiii i 15-9
15.5.3 Advantages of using constrained regreSSiON .. : sususssses ssmssmscs s supsssmaiss » asssims s 15-10
15.5.4 USING FEOTeSSION v cians i vt ¢ siiismsiiry s § § Sosmmivs o 4 & SUsEbEEs 5§ SVAWHENS ¢ 5 § SERRETRRG § § BHRFRRAES 15=11
15.6 COUNTING ERROR AND LOWER LIMIT OF DETECTION ..cviiiiiiiiiiii i 15-11
15.7 EXAMPLE - CALCULATION OF CONCENTRATIONS, ERRORS AND LLDS......c.c........ 15-13
15.8  REFERENCES ..uuiitiitiiiiite it e et et e e et et et ettt e e e e et a e e e e ae e e e a e aaenneenees 15-17
Chapter 16: Standards and Standard Reference Materials
16.1  INTRODUCTION. .ttt ettt et et et et e et e e e e e e e et et et et et et eae e e e eeaneeeees 16-1
16.2  LIFE OF STANDARD MATERIALS ...ttt ittt e e e e e nae e an e aaens 16-1
16.3  IN-HOUSE STANDARDS ...ttt et et ettt et et e e e e e eneees 16-2
16.3.1 Natural StaNUATAS co v s i coaminms o+ svpmesnme s o semming s o ek s o ¥ Swuawas s ¢ absrnmas § seaamims s 16-2
16.3.2  Artificial solid standards.......ooviiiiii i 16-2
16.3.3 Artificial liquid Standards ......eooiiiiii e 16-2
16.4  STORAGE OF SRMS Liuiiiiiiiiiiittieeeet et et e et e ettt e e e e e a e e e e e e e e e e enes 16-2
16.5 WHERE DO YOU OBTAIN SRMS? s sumninans s swwsmsins s suwssnsms o svawsswes s s Suvishsms s auwssmass 16-3
16.6  FINDING INFORMATION FOR ANALYTE CONCENTRATIONS ...oiiiiiiiiie e e 16-4
16.7 HOW ARE RECOMMENDED VALUES DETERMINED? ...ciiuiiiiiiie i 16-5
16.7:1 Statistical Methods ... e 16-5
16.7.2 Abbey's “*Select Laboratories” methodu ;s « sanmmessn o s susmin i s smwnninss s § vosamss 16-7
16.8  DIFFERENT TYPES OF DATA VALUES ... ..ttt it eaeaaees 16-7
16.9  PROFICIENCY TESTING ..utiutitititiitiit ettt aaee e e aeaae e e e e et et e e e e e ee e eneeaeeneens 16-8
16.10 REFERENCES ...iiiiiiiiitiiiiitiiiit ittt sss st sassa st sanse e e sansaesanann s s snnanan s rnens 16-9
Chapter 17: Introduction to Influence Coefficients
7.1  INTRODUGCTION. . ..o mmnee v vioinisinisi o omoisiessaisiei = riniyessiscsnis s isoeincmie mie s sisieisisseie(s siistmsfcsivn o e sibimmein s S inioa 17-1
17.1.1 Basic equations for concentration vs intensity......coooieiiiiiiii i 17-2
17.1.2  What are influence coefficients and correction terms? ........ccovvvviiiiiiiiinininnnne. 17-2
17. 1 3 Factors to be considered in influence coefficient equations...........ccccovvviiiinnen. 17-4
T30, X CHEREIOM e ienicieiaie o aimmiaimiaiain o o niainimiasereii /o mininiecainoa o oiesScein esnimain = obimsetoda o135 =i R35imim o e 245 9 Enmimio m ¥ B m0mioES 17-4
3G 207 Y o 1Yo Y o o o o FSPSS P 17-4
17.1.4 Some simple concentration vs intensity equations..........coovviiiiiiii i 17-5
17.1.5 Some influence coefficient eqUAatIONS cimws s s cuwsmmns s o ¢ inmwnmn s oswwanss s £ wewmines § 5§ ewais 17-6
17.1.5.1 Lachance-Traill (L=T) algOrithim . ..ccounssisminmnnsssdommmsiin s onssnmes s« s e sn s 580005 17-6



17.1.5.2 Claisse-Quintin (C-Q) algorithm .. ..ot e 17-7
17.1.5.3 COLA (Comprehensive Lachance) algorithim ..., cosmis i v smvnmnns s o svwmnsin s s 0 17-7
17:1.5:4 ROUSSEAU (RR) -AIGOFILAIT icmsiniis s v oncesstinn s 5 sutinitnins s 5 5 5isonioin' 5 v » sesiiniminins » o s srrmiemsnseinin o s » im 177
17.1.6 ST 111 9= 2 17-7
17.1.7 Link between measured and calculated theoretical “emitted intensities” ....... 17-10
17.2  PRIMARY FLUORESCENCE EMISSIONS DUE TO ABSORPTION....c.vvvviiiiiiiiiiiennnenns 17-13
17.2:1 The concept of absorption correction coefficients.......ccooviiiiiiiiiiiiii i, 17-17
17.2.2  Derivation of @aZand a”7...........oooi 17-17
17.2.3 Calculating theoretical intensities, measured intensities
and concentratioNS USING MACS ...u.ut viriiie it ate et e e e ineeanens 17-19
17.3  THE CONCEPT OF ABSORPTION INFLUENCE COEFFICIENTS: @, ......ccovvvrriiinnnnn. 17-20
17.3.1 Derivation of expressions for @, .........ccooiiiiiiiiiiiii 17-21
17.3.2 Detailed derivation of absorptlon influence coefficient, a,, ............cccceeiis 17-22
17.3.3 Calculation of y.*, I, , a gt Cir Iy, @nd g, (numerical example).........oceiinins 17-24
17.3.4  Transformations of equatlons (17.11b) and (173 ) «5xammenmun s« 3 swnmmnss o5 s somnimes 45 17-24
17.4  THE CONCEPT OF ENHANCEMENT INFLUENCE COEFFICIENTS: €, ..oocvvvvvnnnnnnnnn. 17-25
17.4.1 Derivation of expressions: fOr i, w s eommurn s 1 x oo oy ssummms a1 1 uvpme 11y wamsmmng 17-25
17.4.1.1 Detailed derivation of enhancement influence coefficient, €y wrererereeianns 17-26
17:4:1:2 MUlti=element CONMEEXE : i v ummmn s sisivsmnnss ¢ aoueaing 5 £ ¥ Sasmunis 5 5 5 daiwmioiin s 5 2 sowiasbinain's o 17-27
17.4.2 Use and derivation of e* to correct for enhancement ..., 17-29
S S U 1 17-34
176  REFERENGES suu s o s s o smmmons 5 5 § comsesnn s 5 £ suamss s § & 4 ousis 5 & ¢ G 5 5 § {5y s 11 § st s s 17-34
V7.7  APPENDICES s : s o sumsuaiss o s siscarstsis ¢ 5 ssnssms s 5§ st i 5 15 Gamssi s 3 59 Suehinn s 1§ o opiseses 15 podiinms s 17-35
17.7.1 Appendix 17A: Numerical example
of the calculation of i, L. » @ yv Gy L@ Gy wovvenvnsennnmsmmmnss s nmnnsnnnss 17-35

17.7.2 Appendix 17B: A numerical example of the caIcuIat|on of the

enhancement influence coefficient e, ,,, and its application in calculating I,,...17-37

17.7.3  Table 17B-1. Data for computing a,,,,,, €., @Nd I, wooviiiiiiiiiiins 17-38
Chapter 18: Mathematical Matrix Correction Techniques
18.1  INTRODUCTION. ..ttt ittt et e sttt et e e e e e ea e e ae e ne e ateeaaeeaaesaeeeareenneans 18-1
18.2  XRF EMISSIONS AND INFLUENCE COEFFICIENTS
FOR POLYCHROMATIC EXCITATION SOURCES ...ttt e e aaeae 18-1
18.2.1 The process of summing monochromatic entities .........ccovviiiiiiiiiiiiie i, 18-4
18.2.2 Fundamental parameters method .......ccoviiiiii i s 18-4
18.2.3 Influence coefficient algorithms for polychromatic incident radiation .............. 18-5
18.3 A COMPARISON OF SOME CHARACTERISTICS
OF SELECTED INFLUENCE COEFFICIENT ALGORITHMS ..ot 18-5
18.3.1 Broll-Tertian (B-T) algorithm. ..o e 18-6
18.3.2 ROLISSEAL (RR) alGOFITIIM s s c sumivani v 5 wwamiin o 5 5 ¢ sumuigens s § ¢ & oami 3 1 Somamsis +5 § 3 S +5 5 18-6
18.3.3 Lachance-Claisse (L-C) algorithm .....ccoiiiiii e e 18-6
18.4 UNDERSTANDING INFLUENCE COEFFICIENTS ...ttt iie e v e eieeeaevaaeenaeeeas 18-7
18.4.1 FEErOQUCEION « 1 & voiemsinnin s + 55 sissrmins s 5 ¢ ssrmssssn = & » smslscms s 43 + HuGararsess 5 & LA & § X SAREUEES § 4 MOANRGE 4 4 5 18-7
18.4.2 SUTMIITYATY: sciiss s 2 ¢ smwsstaniss 5 8 8 sisoss s 8 8 8 s s ¥ ¢ pReasans ¥ 4 ¢ Rasmuns ¢ s  sEawaiis § 5 o Goamesisn ¢ & ¥ vasmsnes 3 18-10
18.5 THE CONCEPT OF o, IN DIFFERENT INFLUENCE COEFFICIENT ALGORITHMS........ 18-10
18.5.1 The modified Claisse-Quintin (C-Q+) and COLA Algorithms...........cccoevvennet. 18-16
18.5.1.1  Cross-correction coefficients, &, ..........ooovviiiiiiiiiii 18-16
18.5.2 “Eliminated element” algOriERmS s « i ¢ st s s s s 5 ¢ » o o5 8 8 Swatins 1§ ¥ oxwne 18-18
18.6  EMPIRICAL INFLUENCE COEFFICIENTS: rj ..oooviiiiiiiiiiiiiiiii i, 18-21
18.6.1 Empirical Coefficient r; in the Lachance-Traill Algorithm ..., 18-22
18.6.2 Empirical Coefficient r; in the Lucas-Tooth and Price Algorithm .................... 18-22
18.6.3 Empirical Coefficients r, and r, in the Rasberry-Heinrich Algorithm .............. 18-23
18.7 SOME OF THE MORE FREQUENTLY USED CALIBRATION EQUATIONS
AND MATRIX CORRECTION ALGORITHMS .. ittt e et e e e 18-23
18.8  THE EMPIRICAL APPROACH . ... it ettt et et e et et ae e e e n e aaees 18-25



18.10 THE FUNDAMENTAL INFLUENCE COEFFICIENT APPROACH ....cciiiiiiiiiiiieienneanns 18-27
18.10.1 Comments on, and explanation of, data in Table 18.9. ........cciiiiiiiiiiinas 18-31
18.10.2 The de Jongh and JIS Algorithms (eliminating one component) ................... 18-33
18.10.3 Models Requiring On-line Fundamental Parameters Software ...................... 18-33

18:10.3.1 Broll-Tertian algorithimi. : suues s s ssenmmnns s s snswsms s s o ¢ seasi « 5 s s 52 18-33
18:10:3:2 RoOUSSCAU AlGOFITNM s i 52 cumwsiines s « darmains i s o wivismins s o wims iiviin s o # srcwsinienn s s s ssressmnis o0 e 18-33
18.10.3.3 Lachance-Claisse algorithm. ... ..o e 18-33

18.11 THE FUNDAMENTAL PARAMETERS ALGORITHM/METHOD .....cccviiviieiiiiiiieeeeneeans 18-33

18.12 COMPARISON OF RESULTS FROM SOME INFLUENCE COEFFICIENT ALGORITHMS .18-34

18.13 DEFINING COMPREHENSIVE ANALYTICAL CONTEXTS .iuiiiiiiiiiiiieiieieie e eeae e 18-41
RS T 0 T 1 oY 1o = 18-41
18.13.2 Condensed numerical example of analytical context data ...............ccceivinnns 18-42
18.13.3 ANalVtical Strate@V: : :cumuwmi s «s s v o swms 5 ¢ cosun ¢ Smpan 3 ¥ e 5§ s iy 18-43

18.14 INFLUENCE COEFFICIENT MODELS - LIMITATIONS, PITFALLS ...covvviiiiiiiiiieeenee 18-44

18.15 SOME OF THE COMMONLY USED INFLUENCE COEFFICIENT MODELS................... 18-44

18.16 TYPES OF INFLUENCE COEFFICIENT MODELS ...curiiiiiii e 18-45
18.16.1 Algorithms using the empirical approach (MRA) ....coiiiiiiiiiiiiiiii i 18-46
18.16.2 The fundamental influence coefficient approach ..........ccoooiiiiiiiiiiiiinnn, 18-47
18.16.3 Alpha coefficient models (models requiring

off-line fundamental parameters software) ......ccoovviiiiiii i 18-47
18:16.3.1 Claisse-Quintin (C-Q) algOTiENIM . vosssnsn s s svsmons « s somsnnaes s s ssmsmses § @ st 1 15 18-48
18.16.3.2 COLA and Lachance-Traill (L-T) algorithms ......cccoiiiiiiiiiiiiiiiiiene 18-48

18.16.4 The de Jongh and JIS algorithms ..o e 18-48
18.16.4.1 de Jongh algorithm (DJ) .ouuiiuiiiiiiii e e e ee e 18-48
18.16.4.2 Japanese Industrial Standard algorithm (JIS) ....ccoivvviiiiviiiiniiiiiirennrennns 18-49
18.16.5 Models requiring on-line fundamental parameters software .................c.ov... 18-49
18.16.5.1 Broll-Terian et 18-49
18.16.5.2 ROUSSEAU MO ...ttt e et e nae e e 18-50
18.16.5.3 COLA algorithm . i e et e 18-50

18:07 SUMMARY . couivinn s sominin s fussmunins § Sasmin § shsssis s s sapamsiin s wosbusaas « o o ossvnsme s v amianmne v s 18-50

18.18 ACKNOWLEDGEMENT ...ttt ettt e et e e e e et e e e e et e et e e e e aeaaeaaeaaeaneanensn 18-52

18.19 REFERENCES ...ttt ittt ettt ettt e e e e e e et e e e e et e e a e a e raeaae et e aneaneanens 18-52

18.20 APPENDIX. NUMERICAL EXAMPLE OF THE CALCULATION

OF INFLUENCE COEFFICIENTS FOR THE C-Q+ AND COLA ALGORITHMS.............. 18-54
18.20.1  C-Q4 Algorithm e e e 18-54
18.20.2  COLA algoritnm cee i et e e e 18-55

Chapter 19: Glass Disks by Borate Fusions

19:1 INTRODMUETTON e s s ssmmsnnn s s s 3§ s aamossmin s § 5 aameas 5 ¥ o oesmin  + Sassinin s « Sofiviing 7 » o apaiviisomn « o5 19-1
19.1.1 Undesirable effects of using powders in XRFS ......cooiiiiiiiiiiiiiciiic e 19-1
19.1.2  Advantages of using fusion teChNIiqQUES ........cciiiiiiiiiii i 19-1

19.2 PREPARATION OF GLASS DISKS: . « cperunss v suwssimmmss sssestiss  shsmsaiss « snesnssun s seaassms 5 19-2
19:2:1 General PrOCEAUTE =xw : issuwmns « sasmomsuns s Smasim s s somstmamse : FasnREnd & § S avmea s « msiaimisn e o 19-2

19.2.1.1 Typical simplified proCeAUre ........cuiiiiiiii e aae e 19-2
19.2.1.2 A limitation to borate fuSion .......c.oiiiiiiii 19-3
19.2.2 FluXes and addifiVes ... e 19-3
19:2:2:1  FLUNES s s s suwosmmns i v s piomnnsin s s £ ausemms s § ¥ vmunsis v § SUaumis § 58 FRmnans & v Aubamiss <« vaienimas 5 o 19-3
19.2.2.2 Properties of borate fluXeS .....ooviiriiii i 19-4
19.2.2.3  IMPUIIEIES IN fIUXES ..ttt et e e e et e ene e e eneanens 19-5
19:2.2.4 AAAIUVES s s smwsnmmms ssmsrsmmsn s sussssinn s 655 EmssEs « 5sARmEs § 5 2ames a5 « psbmses § G » 5 19-5
19:2.2.5 Releasiig QQENLS «: uwumumws sawsmunmss s naemeanns 4 Saasmiams & & ausmuns s 5 soamswmis s s semsmimes « o 19-5
19.2.3 Preparation before fusSion ... i 19-7
19.2.3.1  FUSION MIXEUNE .ttt e e e et e e e e vt e et e e nneeenes 19-7
19.2.3.2 Crucibles and mMouUldS ....coiuiiiiiii i e 19-10



19.2.4 HEAUING e o » smmmenies » £ stossmcas 2 » FRSEEORGE « 3 2550 MalHR & § YRR & & e eaRmias & SRR 2 & L 19-11

19:2.4.1 Heating reqUIrEMENES; s v vammmmmn s i s sawenins o s samimin s & 5 5 s £ § 4 awamans s 5 § §a5HEaES 19-11
19.2.4.2  HeEaAtiNg SEePS. .t 19-13
19.2.4.3 Heating steps for oXidation .......cooriiiiii e 19-13
19.2.4.4 Heating steps for fusion and homogenization.........cccooviiiiiiiii i, 19-13
19.2.4.5 Heating steps for conditioning before casting ........c.ccceiiiiiiiiiiiiiiiiine, 19-15
19.2.5 Casting @nd COOIING ..ttt e e e e e e e 19-15
19.2.5.1 Casting into MOUIAS .. ..uiiii i e e e e e 19-15
19.2.5.2.  SOlidIMCATION ssimzmws s s ssmmnins - ¢ vamsnmnn s = sismasisaes « SrsssEuss : SaaEmssns s dasaRHmeE » K 19-15
19.2.6 Examples of fusions that require special techniques.........cc.cooeviiiiiiiiiinnen, 19-18
19.2.6.1  Sulphide Minerals . ..cooiiii e e 19-18
19.2.6.2  COPPEr COMPOUNGAS 1ttt ettt et e et e et e e e e et e e e e e e e e aaaeeannaeeannes 19-19
10.2.6.3  CarDON .t e 19-19
19:2.6.4 Metallic MatErialS «iuiuewsinnss s s ammmmn s s svmneens v 4§ awsmnmis s 8 § Sesia § s § sowamEeg s & 5 o 19-20
19.2.6.5  Carbonales . i s 19-20

19.3  PYROSULPHATE FUSIONS ...ttt ittt et e e et e e e e e e e e e e ae e e e aae e aaeenneanenn 19-20
19.3.1 0T =0 U = O AP U 19-20
19:3:2  AUtomatic PrEParatiOn .. s s s s amsmn s pemammn s § 5 somamss & 5§ Gaamaiins & ¢ vmskana ¥ & § s 19-20
19.3.3 =T LU =] .0 1= 1 =S 19-21
19.3.4 L 0] 0 1= 0 1 19-21
19.3.5 Fusions of sulphide concentrates......coviiiiiiiii 19-21
19:3:6  ANAlysiS OF diSKS « veavvnn s ammumnss s s cmwamns o ¢ svamenne s « ¢ eusmaanis s & ¥ swsmmasis § ¢ 3 Smeni & ¥ & asissis 19-21
19.3.7 (@70 ] o ol 1T 1] [0 1= 19-22
I I U g = S 19-22
19.4.1 FUSION IR SERUIMGIMES cvinss & simsreiionion o sisjrmiisms s o Sntsomsisiisih s = S imse o & SeEaaSEREE » SRR & 5 Ssae 19-22
19:5 CARE OF CRUCIBLES AND MOULDS: i assuis s v snmsss s § esniaaning « 5 susmmasss ¢ § 4 s5umemens ¢ § siim 19-22
19.5.1 (O g U Ta 1 o] 1R 19-22
19.5.2 1 o 10 o £ PP 19-23
19.6 MISCELLANEOUS .. .iiiiti ittt e e e et et e et e et e e e e ae e e e e e e aneerneenneennenn 19-24
19.6.1 Contamination DY GrUGIDIES wuuwans i canmunins v s snnsmmans s simns s « s sssins € § domiamsan s & s 19-24
19.6.2 Bl AN K S . sttt 19-24
19.6.3 Loss or gain on ignition (LOTI OF GOI) ..uuuiiieiiiiii e eee e e 19-24
19.7 ADVANTAGES AND LIMITATIONS OF FUSION ....uiiiiiiit it eie e e e eiaeeeeeeennees 19-25
19.7:1 AUVANTATOS suwmis 15 s mensviniic ¢ 5 Summnmming o & S ¥ 5 Faneaasis s & LovaumsEs ¥ § Somasinn + § § aREEmse § § s 19-25
19.7.1.1  ReproduCiDility uvuie i e 19-25

B R R Xl ol B | =T 19-26
19.7.1.3 Preparation: of StanUards: .x.uses - wossmwess « sssssmsian ¢ ssimsemesn s dyesamsmse s s fsasmmss s 19-26
19:7.:1:4  Nersatility s s r covimmes s s v s « s conmsnnes s § sanannmg ¢ § SSRmamens » § GHERERREE ¢ § GRERRRIRE o v ot 19-26

LS R T G5 T 19-26
19.7.2 [ Vo= o B 19-27
19.7.3 ENVITONMIENL s s sesmensnns sumpenmns s ssusmerns « suussssnss § 55smmese i femeasmmss v < sssnaasa s o 19-27
19:.8  SELECTION OF FLUX i s s cusmsmns s s swmunions o o sisarsets s o o sasnsnmms s s 5eammain ¢ 5 5 s s s § s sy s § s 19-27
19.9  REFERENCES ...ttt ittt ettt et ettt e et e e ettt et et e e et e e e aeaaes 19-28

Chapter 20: Sampling and Specimen Preparation of Geological Materials

20.1  INTRODUGCTION .ttt ettt ettt ettt ettt e e e et e et e e et e e e e e e a e tenees 20-1
20.2 SAMPLING ERRORS s i sumssumiin o s srsimnsonin s s 5siuin s s v s s s Sisisnne's s § s 3 v emaimiisi & aios 20-3
20-3° STANDARD 'SIEVE SIZES .. tcuruisciimmmsinn s s scormminsis s nemsioiiio » =5 ooiaisiis o o o155 mens 3 & oo seibicoee & § skone 20-4
20.4 ROCK SPLITTING, CRUSHING AND GRINDING ....iutiitiiiiieiieeiieeieiieeieeieeneanaeneanans 20-5
20.4.1 (© T T | a T =1 [ £ P 20-6
20.5 SAMPLE SPLITTING/RIFFLING :.::evmunssssammunnun e o smensaas s s soswnsnms s s §oamums o § somessss s s as 20-6
20.6 POWDER BRIQUETTE PREPARATION ...ttt ittt et et eeeeeae e e e iaeeaeeneenaenneeanes 20-8
20.6.1 2 e 1= = 20-8
20.6.2  Specimen labelling . ...ouu i e 20-8
20.6.3 BriqUetting PrESSUTE sauwuss s sunammsin v s swsmamain s s svaiissin 4 s owasan 5 § Onamasis s s o Sassmeiins ¢ & 5508 20-8



20.6.4 Fracturing and pre-pumping of brQUettes ... e - cucmmimnn s sonmvmsinn s s swmaasnn s « asies 20-8

20.6.5 PATHICIE SIZE BfECES: « cnimvsnins saimmmnin s s avmavinms « sisamimins s Foseiiians o s G vinns o s swauams 2 s 49 20-10
20.7 PREPARATION OF DISKS OF SOLID ROCK ..utuuiiittiiieiiieiieaeaeeieeiaeeaeeaeanaeanenn 20-11
20.8  FUSTION S ..ottt ettt et et et e et e et et 20-13

20.8.1 Low dilution fusions for trace element analysis ......cccocvviiiiiiiiiiiiiiiiciieens 20-13
2079 SPECIMEN STORAGE isuassasssmmnmess muminss s 5 ceeisss s = i Guassiins & s @ousas s v« Susseiss s § s smaemsns 1 20-13

20.9.1 Specimen CoNtamMINAtION . ... .t eaaans 20-13
20.10 WORN RIMS ON OFTEN-USED POWDER BRIQUETTES ..ccviiiiiiiiiiiiiieiie e eiae e 20-14
20.:11 REFERENGCES: usius s smsimnans s ssmssmisns s rssne s SHassan s s SRamesisss  sresmenmms s sRpzssmsng s Sonsmmamen s s 20-16

Chapter 21: Special Sample Preparation Techniques

B P N AV I @ 0 L 1 PR 21-1
B 0 I [ 1 U 1 1 PR 21-1
21.3  VERY SMALL SAMPLES . ottt ittt et ettt e 21-1
214  THIN LAYER TECHNIQUES :: commens s v cumuuins 3 5 avsuman « & s suisicni s s § § smsns 8 § s b s o s svimnienn s s 47 21-1
21.4.1 1SY=1a0] o1 (=T8T o] oo Lo il o ¢ T=Te L= TR 21-4
21.4.2 Preparation of thin layers from SOIUtiONS ... e 21-4
21.4.3 Preparation of thin l[ayers from powWders.......oviviiiiiii i 21-5
21.4.4 COPFeCi PILATION cowenmns s s vvmmomns s simaminnis § 5w esmasi & 3 SAEEHERRT § ETHERES S §§ GUTsRIRmE T3 FamsRa e S o 8 21-6
21.4.5 Use Of 10N EXChaNGEIS .. et aeenens 21-7
21.4.6 Preconcentration teChNiqQUE ..o e 21-9
21.5  CONTAMINATION L.ttt ettt et et ettt e e e e e et e e e e et et e e e e e e e e e e e e eneenens 21-10
21.6 ELIMINATING RADIATION FROM THE SAMPLE CUP ....cicc.ccicisminssssnsminnssnssavisasine 21-10
21.7  CONCLUSTION ..ttt ettt et et et et e e et e e et e e e e e e et e e e e et et e e e e e e e e e e enas 21-11
21.8  REFERENCES ...ttt et et et e ettt ettt ettt et e e e e e et ettt e e et e a e naeanens 21-12
Chapter 22: Software
22:1  INTRODUCTION sss: s svanminns s summinnss s sisussnsins  susante s + SUsuwensn s ¢ Soavsmess » § dolssmasn i o vavasmsns 5 22-1
A I 1 e O S E LT e S R T RS e 22-1
22.2.1 D e 1 DO A R R R A AR R R B R P e A R e R R ML SRR B O B e P R R 22-1
22,22 SOUICE 14 vmnmims 5 s wimssns & x UOSHGHAE 5 £ S3aEHEE § ¢ CuEPIGRTRE § 5 SUARASHE & § SEaassa b & 5 GEVEFsEN & § SR 22-1
223 NVXRF :cumnmanes s o ovivsions s v aommmmes s 5 auamsns ¢ § SoRmst s s 5 ouesans s § Gaeamss s s ¢ mmnaes » § sovseans ¢ sasueemag 22-2
22,4  NBSG S . ittt it ettt et e rraeaa e e ar e e et r e et rrene s 22-2
22.4.1 A L C O ittt ittt e st 22-3
22.4.2  CALCOMP L.ttt e e 22-3
22.4.3 SOUTCE 1 ¢ ¢ wimisvssis s ¢ swsamiins ¥ 5 Somsasns & & daesmslins & § BN 5 4 & SRTERRES § ¢ FREVEVIGE & § o ORAR e § & Dvaamads 22-3
22,5 XREWIIN c....coox o e inceis v iminie = o s Sttt stmimieseote o o o iaienmston 08 8051500635000 o 155y mpnmcmsn o o i e 51 G300 o & immcmi memi 22-3
22.6 ROUSSEAU SOFTW ARE ...ttt sttt e rae et et e e e et e et e e e n e e e e e aae e nneenneans 22-4
22.7  XRF Direct (CLAISSE ON-LINE MATRIX CORRECTION SOFTWARE) .....cceviviiiiiinnnne. 22-4
22.7:1 Claisse Calculator for optimal flux COMPOSILION: :.oxuswwssisvumsnannavs swsmws s s s wawsmsis 22-4
22.7.2 Claisse WEDSIT@. ...cvieiciiiirii i rrrres e s s rrsan e rasn e rrannerannerrsnnerannerannnnnns 22-4
22,8  UNIQUANE® it 22-5
22.8.1 UNIQUaNT® WD ST . ettt e e et e 22-5
22.9  XHTADIE: wissinsss sunsvnanans sosminmans s srmmsaesn « fasisn i o 6o amaiiss § Sonsaeihs « Sns@anss v HeAmA S o CumeaEes 22-5
22,10 SOME USEFUL WEBSITES -« ciumes oo s o i3 s 8 S sa s @ Smm mmmmmioie » s e i 5518 § SRR S48 & & mmparrines 22-6
A A =1 = 2 = 1 PR 22-7
Summary and Conclusion
S.1 SUMMARY v s s sismissiorssns s ssissins s s sosmsnis s ¢ suismsisns & « ssgsmsie s § § Srsas s ¢ Sauaasss s  canssass s § xsmsmes S-1
S.2 ADVANTAGES OF XRES ::ccurancis e cosanines s innniuis s i saimmmess « o0 muins & 5 siiesmanion s soasmsiams s s nitise S-12
S.3 DISADVANTAGES OF XRFS ..ttt it et eaaens S-13
S.4 (@00 I 1 1 S-15
S.5 REFERENCE st s ¢ umisvrimsn s x siaiaioastsns s 3 5 isississiies o § $s5sistsuing 5 5 5 sBisssss 3 5 ¢ st § 5§ Smsevis & § § eNBmsse o s & s sutiss S-16

Vi



X-ray Tables

T.1 COPYRIGHT PERMISSTIONS ..iuiittitiitiitt it sieateateaaeaaa et e e e et e e e e e s et et e tanaenaenaans T-i
T.2 REFERENGCES s s s s s & v wssumusnn s & 8 sueisiarsns s 5o S 5 § 4 6 6vasmmiat s § 4 SUsiisssis s § ¥ § Sumasins ¥ & § Sumusions s 5 #9907 T=1
PeriodiC Table fOr XRE S ...ttt e et et et er et e e re e r e e nae e rn e ae e aneans T=3
Table 1. Wavelengths of the principal K X-ray spectral lines (R)......covvuueeeieeiiiiieeeennnnn. T-4
Table 1a. Wavelengths of the principal K X-ray spectral lines (nM) ....ccoovviiiiiiiiin i, T-6
Table 2. Wavelengths of the principal L X-ray spectral lines (A) .......cooevvvuveeiiiriniieenennn. T-8
Table 2a. Wavelengths of the principal L X-ray spectral lines (nm)......cccooiviiiiiiiiinnnannn. T-10
Table 3. Wavelengths of the principal M X-ray spectral lines (R) ......covveveeeieiiineeennnns. T-12
Table 3a. Wavelengths of the principal M X-ray spectral lines (nm)........cocovviiiiiiinnnnn. T-14
Table 4. Photon energies of the principal K and L Series X-ray spectral lines ............... T-16
Table 4a. Photon energies of the principal M Series X-ray spectral lines ....................... T-18
Table 5. Wavelengths of the K, L and M X-ray Absorption Edges (R).........cccoeevvvvvnnnn... T-20
Table 5a. Wavelengths of the K, L and M X-ray Absorption Edges (nmM) ........covvivvnennnn. T-22
Table 6. K, L and M X-ray Excitation Potentials and Binding Energies...............cccvvevvnn. T-24
Table 7-1. Parameters used in Leroux and Thinh

equatiens: p=C.E A = C.E ..(12.BOB1/EY EIIT.G . oo+« «  cmcmicni 2 « comssssmisen 14 T-26
Table 7-2.  MACs for various wavelengths (A = 0.31 - 6.0 ) ...oovveiiiieieieoeeee e T-28
Table 7-3. MACs for Ka lines of elements Z2 =11 -60 (Na - Nd).....ooovviiiiiiiiiiiiiiiiiinnnnns T-31
Table 7-4.  MACs for La, lines of elements Z = 30 - 94 (Zn - PU)..ccoiiiiiiiiiiiiiiiinnns T-36
Table 7-5.  MACs for LB, lines of elements Z =30 -94 (Zn - Pu)....cocoviiiiiiiiiiiinnn, T-42
Table 8. K and L, Absorption Edge Jump Ratios (r) and (r — 1)/r values..................... T-48
Table 9. Average K, L and M Fluorescence Yields for elements Z = 4-94 .............c....... T-49
Table 10. Relative K and some L Line Intensities within a Series (f).................c.l T-50
Table 11. Some Useful “"Oxide to Element” and “Element to Oxide”

conversion factors (gravimetric factors) .....covviiiiiiiiii T-52
Table 12. International ALOMIC WEIGHES : iuumwsns s v nmamins s v v cvmsnns s 3 8 svawaess s § & vomaiains s 4 3 svmens o 5 T-53
Table 13. Correspondence between Siegbahn

and IUPAC notation for X-ray diagram liN€S .......cooviiiiiiiiii i e T-54
Index

Vii



