Index

a

abrasion analysis  209-211
absorption 16, 44, 99, 134

detector window 70
measurement medium
107-110
sample cup 57
absorption edge 90, 104, 256
energy 269, 391
absorption length
absorption mode
accuracy 10
obtainable 133
analysis of

121, 309
291, 297

abrasion 209-211

abrasion particles in waste oil
315-316

additives 261

Al-alloys  191-192

animal food 243-244

archeometric objects 344

bauxite 218-219

boron in glasses 201

cement 223-227

ceramics, refractories
237-239

CIGS 305-306

coal 227-230

coke 227-230

compact samples 189

consumer goods  324-325
Cu-alloys 189-191
dust in work environments
241

dusts 239-242
element distributions 331
ferroalloy 230-235
float glass 200

food stuff 242-245
free lime 227

fuels 255-260

geological samples 213-216
glass  199-203
glass particles 316-317

hidden pigment layers 349

high-alloyed steel 187-188

historical coins  347-348

inclusions 318

infant food  244-245

iron alloy 183-188

ironore 216-217

layer systems 291

light element in liquids
263-265

liquids 253-255

low-alloyed steel

lubricating oils  258-260

medium dust loads  239-240

Mn, Co, Ni, Zn, Pb ores
217-218

185-187
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Index

analysis of (contd.)

non-destructive 8

nonhomogeneous samples
287-290

oils  255-260

ores 216-221

particles 313-317

Pb in paint 321

pharmaceuticals 245-246

polymers 203-209

powder samples 213

precious metal  322-323

precious metal jewelry
195-199

precious metal ores  219-221

pure elements  198-199

qualitative 10, 28

quantitative 10, 28

quartz 223

rare earth element ores
219-221

refractories 192-194

scrap sorting  321-322

246-252

221-223

secondary fuels

sewage sludge

slags  235-237

soil  221-223

solder alloys

solder structures

solid samples 183

Ti-alloys 194

toxic elements  324-328

toxic elements in fuel
256-258

toys  328-300

traces in liquids  261-263

unknown coating systems
307-308

waste 246

wear debris 260

194-195
306-307

analysis of variance (ANOVA)
152

analysis report

analysis task
256

analyte line 70, 102, 115, 145

layer analysis 136

analytical errors 149

randomly 157-158

systematic 158-159

analytical method 27, 31, 74,
126, 127, 146, 156

analytical performance

abrasion analysis 211

Al-alloys 191-192

Bauxite 219

cement 226

ceramics, refractories 238

coal 230

consumer goods 327

Fe-ores 217

ferro-alloys 235

float glass 203

fuels 258

geological samples 216

handheld 320

high alloy steel 188

layer systems 293

low alloy steel 187

lubricating oils 259

metal solutions 191

Ni-Fe-Co alloys 189

pig and castiron 185

polymers 206

precious metals 198

secondary materials 251

slags 237

soils, sludges 223

solder alloys 195

analytical procedure

27,29
28, 144, 204, 252,

27,31, 143



analytical question 4, 32, 143,
290, 319

analytical task 1, 26, 28, 189,
195-196

analyzed mass 35, 126

analyzed volume 32-36

ashing, biological materials 59
at-line analysis 368
Atomic Absorption Spectrometry
(AAS) 168-169
atomic number
dependence of important
parameters 7
388, 389
10, 86, 356, 371
39, 151

atomic weight
automation
average value

b

background correction
ED spectra 115

background position

115

ball mill 42, 231

bandpass filter
excitation beam 93

binder 45

binder tray 46, 59

blank sample 32,116, 127, 132,

74, 108,

271
bracketing technique 124
Bragg angle 63, 66, 86, 202
Bragg’s equation 61, 68
Bragg’slaw 20
C
calibration models
conventional 118-121
fundamental parameter based
121-123
standard based 118

Index

calibration sample 32,118
cellulose 48
Certified Reference Material
characteristic lines

intensity ratios 14

characteristic spectrum 11

131

chemometric method
glass particles 316-317
polymers 206-209
spectra evaluation
cluster analysis 142
coherent scattering 18
collimator 81, 93, 287, 315
collimator size 67
combinatorial analysis
for drug development
357-358
Compton electron 76,178
Compton peak 18,220, 281
Compton—Rayleigh ratio 18, 256
Compton scattering 18, 104,
120, 123, 204
concentration range 8
confocal geometry 311
continuous spectrum 11
49, 367
count number

358-360

355

costs
108, 112

count rate 62,102, 104, 110, 129,
289

count rate capability 23,71, 74,
105

creation of an application 143
cross-contamination 38
crystal-collimator combination
87,113
crystalline samples 77
crystalline structure 19
crystal, WD-spectrometer
curved crystals 93

cutting mill 42

62, 67
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Index

d
dead time 72,109
optimal throughput 71-72
pile-up probability 77
degree of determination 126
12, 16, 45, 134, 135, 177,
388
sample 43
depth of penetration 9
detection efficiency 70, 81
detection limit 8, 126, 127
128
215

density

blank value method
geological samples
layer systems 136
TXRF 89
21
development

types 68
detector saturation

detector
23

110, 184
72
199
77
107

WD instruments
difference method
diffraction peak

elimination
disk mills 42
drift correction 131
drift correction sample

239

32
dust collection

e

EDS instruments
principle layout 81

elastic scattering 18

electrolyte manganese 230

electronic noise contribution 68

element analysis methods 167,

175
element distribution 10, 93, 287
archeometric objects

art objects 349

344-350

electronic components
342-344.
geological samples
homogeneity tests
image quality 332
line overlap 337

333
351

maximum pixel spectrum
339-340
object spectra  335-336
printed circuit board 343
sum spectrum  334—335
element identification
element range 8
emission mode
empirical model
linear, quadratic
energies
K-line
L-lines
M-lines

119

394
397
401

21, 28,99

291, 294, 298

energy-dispersive spectrometer

21
energy resolution
302
EDS 68-71, 289, 303

high 96

WDS 66-68
enrichment

by absorption  264-265

by complexing 265

by drying 261-262
equipment for fusion beads
equivalent dose 177,178
error 149

absolute 164

propagation

randomly

relative

160-162
157-158
164
102, 152

157

statistical
stochastic

15,112, 289,

52



systematic 158-159
error information
recording  164-165

escape peak 76
ESMA 23,173
excitation conditions
99, 103, 145, 295
tube voltage and current 104
excitation geometry 36
confocal geometry  95-96
ED-spectrometers 81-85
grazing incidence 97
monoenergetic radiation
90-91
polarized radiation
position sensitive

10, 86, 92,

91-93
93-94
88-90
WD-spectrometers 85-87

total reflection

f
Fano factor 69
Ferro-Chromium 230
Ferro-Manganese 230
Ferro-Molybdenum 230
Ferro-Niobium 230
Ferro-Silicon 230
Figure of Merit (FOM) 129
filter
dust collection 60, 240, 279
excitation beam optimizing
63,73,78,106
selection 145
fixed channel
Boron in glass 202
fluorescence intensity 36
fundamental calculation 117
grinding time 43
matrix dependence 101
sample density 44
sample morphology 44

Index

surface roughness 40

fluorescence yield 15, 19, 117,
416
fluxe 50,51, 236

free lime 227

fusion beads 48
crystallization 54
fluxes 50
instrumentation 49
oxidizing agents 50
quality criteria  53-54
temperature profile 52

9

Gaussian distribution
Gauss statistics 102
grain size 31, 42, 43

distribution 46

for fusion beads 49
Gray (Gy) 177
grazing incidence 269, 309
grazing incidence X-ray emission

(GIXE) 97,309

grinding time 43

ferro alloys 231

155, 157

grinding tools 42
gross intensity 115

h
half-width 178
handheld
archeometric objects 345
art objects  323-324
prospecting in geology 323
sample preparation 320
handheld devices
material identification
318-324
hidden layers 304, 306
of pigments 350
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Index

hidden layers (contd.)
high-throughput screening 355
homogeneity 38
by elemental distribution
fusion beads 53
by multi point measurement
352-353
house standard 379

351

i

impactor 239

incident angle 35, 97, 269, 309

incoherent scattering 18

Inductively Coupled Plasma (ICP)
170

inelastic scattered bremsstrahlung
105

inelastic scattering 18, 124, 206

infinite thickness 36

information depth 9, 31, 32, 36,
136, 263, 292, 316

291

313

layer systems
small particles
TXRF 271
in-line analysis 368
instrument types 61, 81, 98
intensity normalized to
112
time 112
intensity ratio
quant models

current

114
122
quant of coatings
for speciation analysis
120

135, 301

363

internal standard
analysis of dust 240
analysis of liquids 263
TXRF 89,121, 269, 278

k

Kramers' law 12

/

laboratory sample 26-28, 31, 32,
149, 159, 170, 231

Lambert-Beer’s law 15, 34, 134,
272

laser induced breakdown
spectroscopy (LIBS)
171-172

layer analysis 9, 25, 133,
135-139, 290, 291-293, 297

24, 28, 291

297

133-140

layer systems
absorption mode
characterization
CIGS 305-306
GIXE 97
measurement technology

293-294

mono-layers
multi layers
NiP-layers  300-302
relative mode  298-302
sample handling 292-293
ultra-thin layers  302-304

limit of detection 127, 174, 384
sulfur 257

line energies 13
dependence on atomic number

17
line intensity 99, 102
7,110, 414
11,12,113

294-302
304-307

line interferences
line-like spectra
liquids
analysis  253-265
direct measurement 55-58
measurement medium
107-110
multielement analysis
254-255
preparation
trace analysis

54-55
261-263



trace analysis by enrichment

264-265
lithium-metaborate 40, 50, 52,

55,225
lithium-tetraborate 40, 50, 51,

193, 201, 222, 225, 239
LiTrap 263, 264
109-110
50, 53, 218, 225

live time
loss of ignition

m
macro X-ray spectrometer
94-95
majors 133, 164, 341
mass-absorption coefficient 99
mass attenuation coefficient 12,
16, 103, 104, 117, 134, 139,
177,272, 309
mass per area 291
mass spectrometry (MS) 1, 3,
167,168,171, 172-173
matrix correction 119, 129, 216,
255
concentration-corrected
intensity-corrected 120
matrix dependence 8
matrix influence
120
fluorescence intensity 205
matrix interaction 99
change by absorbers 51
quantification 102
reduction by fluxe 54
secondary and tertiary effects
101
for TXRF 89
measurement

119

correction

102
long term stability
precision 151-153

conditions
153-154

Index

reproducibility 154
time 108
uncertainty 28, 29, 159
measuring sample 32
measuring time 1, 10, 56, 63, 64,
73,74, 83, 86, 96, 110, 112,
128, 145, 158, 190, 278, 290,
297, 318, 332, 335, 336, 345,
352
melting, surface tension 52
micro-X-ray fluorescence (p-XRF)
2,106, 315, 331

minerals 213, 333, 335, 358, 371,
376

minors 133, 341

Monte Carlo quantifications 124

mortar 42,223

Moseley’s law 13,99, 110
multi-point measurements
352-353

n
net intensity 112, 115
neutron activation analysis (NAA)
168
noise, energy dependence 68
nomenclature
IUPAC 15
Siegbahn 15
nonhomogeneous samples
measurement modes  287-288
normal distribution 152, 155,
157

o

off-line analysis

on-line analysis 368, 376-377

operating costs  79-80

optical emission spectrometry
(OES) 1,167,169-172

368, 369
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Index

102-103
71-72

optimization criteria
optimum throughput
ores
Mn, Co, Ni, Cu, Zn, Pb
217-218
precious metals 219-221
overlap factors 113

p
paraffin wax 48

peak fitting 75, 110, 113, 158,
289, 293
influence to uncertainty 75,78
peak intensity
determination 112-116
peak overlaps 62, 64, 74, 75, 102,
110,112-114, 119, 188,
197,198, 217, 252, 271, 289,

327
peak-to-background ratio 64
assessment criteria 129

measuring conditions 73
optimal sensitivity =~ 73
91-93
105-107

polarized excitation
primary spectrum
requirements 102
penetration depth 9, 31, 34, 96,
97,173,177, 194, 263, 309,
311
pereparation small particles,
fusion bead 41
periodical system 192, 214, 388
phase analysis  141-142
photo-absorption coefficient
117
pigment investigations

13,

349
pile-up peak 77

PIN-diode 68, 302, 303
planet mill 42

point analyses 4, 183, 289, 290,
331, 342, 343, 346
102
positive material identification
(PMI) 28, 83, 141, 211,
316
precision 162
process capability
preparation
by cutting 42
by drying 55
by grinding 42

Poisson statistics

154-156

192
of organic tissues 59
by polishing 40

of hard-metals

of precious metal jewelry
195-198
by pre-oxidation 50
by remelting 39
preparation small particles,
pouring  43-44
pressed pellet  44-49, 54,
213-220, 222-229
stability 46
pressing die 214
press mold 44
principal component analysis
141-142, 317, 360
process control  367-377
prop-counter 68, 70, 301, 303
proton-induced X-ray emission
(PIXE) 173
pulse throughput
influence to measuring time
74-75

q
qualitative analysis 7, 10, 21, 28,

81, 99, 316, 384



quality management 5, 291,
379-386
quantification
chemometric methods
140-143
by reconstitution  124-125
quantification models 117
129-131

layer systems 138

comparison

quantitative analysis 10, 18, 21,
28,99, 239, 316, 319, 321,
322

r
radiation damages
clinical effects 180
genetic 178
relative sensitivities 179
somatic 178
teratogenic 178
radiation exposure by
cosmic radiation 180
inhalation of Radon 180
natural 179-180
terrestrial 180
radiation protection 177
dose 177
half-width thickness 177
handheld instruments 320
regulations 181
raw data 28
Rayleigh scattering 17, 104
109, 110, 368
recalibration sample 32
reference materials 109, 118,
125,131-133, 167, 170,

real time

205, 223, 353, 376, 380, 381,

426

Index

reference sample 4, 8, 28, 29, 90,

117,118, 120, 122, 131, 145,

146, 163, 204
reflections, higher order 76
relative mode 291, 298-302
relative standard deviation 151
statistical error 152
repeatability 29, 125, 150, 154,
186, 187, 226, 258-260,
289, 295, 365
Restriction of Hazardous
Substances (RoHS)
307, 324, 343
rocks 33,41, 51, 213, 216, 350
rotating mill 42

194,

S

sample

blank 32

calibration 32

drift correction 32
recalibration 32

sample cup 56

foil, transmission 57
window materials 56
sample preparation 8, 26, 27
adjust to device geometry 9
aerosols  59-60
aids 31
automated 371
binders 48
biological materials
carbonates 55

58-59

contaminations 37-38

dust 59

fusion beads 48

generation of homogeneous
samples 31

glasses  40-41

grain size effects 47
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Index

sample preparation (contd.)
liquids 55-58
metallic compounds 55
metals  39-40
micro droplets
particles 314
pouring loose powder  43-44
powder-like materials 41
pressed pellets 44
representativity 41

small particles 59-60
small part materials 41-55
sulfide minerals 55

262, 270, 285

surface contamination 36
surface roughness 36
targets 31
techniques 33
TXRF 269-271
sample thickness 36, 37, 46, 52,
86, 205, 225, 228, 271-273,
340
sample volume 9, 28, 36, 97, 99,
121, 158, 188, 222, 252, 351
sampling 4,26,27, 39, 63,79, 82,
83, 133, 149, 185, 210, 216,
222
saturation thickness
291, 296
influence to intensity 36
scattered radiation
dependence on energy 20
dependence on scatter direction
20
scattering 16, 17, 26
background 60, 115, 363
62,70

127, 210,

scintillation counter

secondary fuels
toxic elements 247

secondary raw materials
liquids  249-250

solid  247-249

self-absorption 134, 295
sensitivity 10, 64
improvement 89-92, 265

for light elements 107, 202
optimal for EDS 73

setting parameters 64, 80
shaping time = 71-73
shelf 79

Sherman equation 117,

121-123, 134, 138, 209

Si(Li) detector 68, 70, 71, 91
Sievert (Sv) 177

significant figures 133, 164, 165
silico-manganese 230

silicon drift detectors (SDD) 23,
68,71, 74, 129, 137, 289,
293, 320

sodium-borate 192
sodium-tetraborate 50, 236
solid samples

coating reference 296
speciation analysis 361

Al-inclusions in steel  363-365
S-compounds  362-363
Si0, in SiC 365

spectra acquisition 63

spectra artifacts  76-79

spectra deconvolution 113-114

spectra evaluation, chemometric
358-360
spectral background, WD spectra
115
spectrometer
coating thickness 94
monoenergetic excitation 90

polarized radiation 91-93
position-sensitive = 93-94
tabletop 84-85

total reflection  88-90



spectroscopy
energy-dispersive 63
wavelength-dispersive 62
spectrum
characteristic 11
continuous 11
tube 12
spot size 93, 94, 96, 136, 194,
196, 287, 288, 290, 291, 293,
299, 332
standard deviation 39, 74, 75,
102, 108, 109, 128,
151-153, 155, 157, 185,
188, 201, 236, 252

standard reference material 118,
131
statistical error 8, 23, 69, 74, 75,

102, 103, 125, 127, 129, 144,
152, 185, 188, 198, 208, 225,
226, 238, 252

Student’s distribution 152, 153

surface roughness 10, 31, 36, 38,
40, 43, 48, 158, 187

surface tension 52

synchrotron 2, 11, 91, 297, 309,
363

synthetic multilayer systems
(SML) 67

t

tail 79

target disc model 149

target material 18, 103

tube 103

thickness ranges 37, 136, 137,
296, 305

thin section, geology 333,
340-342

threshold control 10, 28, 215

Index

threshold value 28, 215, 242,
255, 323, 325
155
tolerance window 380
total reflection X-ray fluorescence
(TXRF) 88,90, 120, 210,
263, 269
analysis by VPD  284-285
analysis of aerosols 279
analysis of aqueous solutions
274-278
analysis of blood and blood
serum  280-282
analysis of depth profiles
285-286
analysis of drinking water
analysis of HG in water
analysis of high-purity

tolerance limits

275
277

chemicals 283
analysis of nanoparticles
279-280

analysis of pigments 278

analysis of traces in body tissues
282-283

critical sample thickness

273-274

272
detection limits
incidence angle 269
matrix interaction = 272-273
measurement geometry 271
269
271-272

measuring time
quantification
sample quantities 269
special features 271
traceability to SI-units 379
traces 1, 38, 44, 54, 133, 171,
184, 190, 191, 194, 199, 202,
228, 237, 254
transfer factors, element-oxide
418

transition probability 13, 117
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Index

transmission, sample cup foil 57
trueness 126, 127, 150, 156, 170,
189, 196, 198, 215, 216
tube parameter
voltage and current 105
tube power 25, 73, 74, 82, 86,
103, 105, 288, 320, 366

u
uncertainty 385
bottom-up method 161-162
layer systems 140
top down method 162-163
uncertainty budget 147, 161, 418
4
validation 28, 380
parameters  384—385
procedure 382
vapor phase deposition (VPD)
284
w
wavelength-dispersive
spectrometer 20

multi-channel 87
sequential  85-87
simultaneous 87
wavelength-dispersive
spectrometers (WDS)
instruments

principle layout 85
wavelengths 11
wavelengths

K-lines

L-lines 407

M-lines 411
45, 48, 201, 218, 225, 228,
231
working range

404

wax

127-129

X
X-ray lines, frequency
X-ray microanalysis 23
X-ray optics 1, §, 11, 80, 88, 93,
95, 288
X-ray spectra 7, 20-21, 99-147
X-ray spectrometer
energy dispersive 63
energy resolution 64
general design  61-63
handheld 25, 82,98, 215
multichannel 98
portable instruments
sequential 98
table top 98
total reflection 98
wavelength dispersive

110

83-84

66
X-ray spectrometry
history 21



























