Wilson & Wilson’s
COMPREHENSIVE ANALYTICAL CHEMISTRY

VOLUME XLII

NON-DESTRUCTIVE MICROANALYSIS OF
CULTURAL HERITAGE MATERIALS

Edited by

K. JANSSENS
R. VAN GRIEKEN

University of Antwerp
Department of Chemistry
Universiteitsplein, 1
B-2610 Antwerp
Belgium

ghmren,

“éﬂ‘ﬁ“ oh

St

ﬁ“

2004

ELSEVIER

AMSTERDAM — BOSTON — HEIDELBERG ~ LONDON -~ NEW YORK - OXFORD - PARIS
SAN DIEGO - SAN FRANCISCO ~ SINGAPORE - SYDNEY - TOKYO


https://core.ac.uk/display/44191685?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Contents

Contributorsto Volume XLIT . . . . . . . . . . . ' v v v v v v ..
VolumesintheSeries . . . . . . . . ... . . . . ...
Series Editor’s Preface . . . . . v . v v v v i i e e e e e
Preface . . . . . . . . e e

Chapter 1. Introduction and overview . . . . . . . . . . v .. ...
K. Janssens and R. Van Grieken
L1 Imtreduction . .. ... .. . v i v i
1.2  Overview of the analytical reference section . . . . . . . .
1.3 Overview of the case studies section . . . . . ... .. ..
References . . . . . . . . @ . @ e

EART I. ANALYTICAL REFERENCE SECTION

Chapter 2. UV, IR- and X-ray imaging . . . . . . . . . ... ...
Franz Mairinger
2.1  Scientific investigations of works of arts and crafts
2.2  Application of electromagnetic radiation for the

examination of cultural heritage objects . . . . . .. ...
23 Instrumentalbasis . .. ...... .. ..., ..
2.3.1 Light and radiation sources .. ... . ... ...
232 Imaging ... ... ...
233 Senmsorsystems . .. .. ... .. ...
234 Sensorsubsystems . . ... ... ..., ...
2.4 Surface examinations . .. ... ... ... .......

2.4.1 Surface examinations with ultraviolet radiation . .
24.2 Instrumental techniques for UV-fluorescence

photography . . .. ... ... .. ... .....
2.43 Instrumental techniques for reflected UV
photography . . .. ... .. ... ... . ...,
2.4.4 Application of UV-fluorescence photography . . . .
2.4.5 Application of UV photography . ... . ... ..
2.5 Depthexaminations .. ..................

2.5.1 Depth examinations with infrared radiation . . . .
2.5.2 Depth examinations with X-rays and gamma-rays .
References . . v v v v v v v v b e e e e e e e e e e

e )

10

15

15

16
16
17
25
33
41
44
45

46

46
47
48
49
50
54
66

xiii



Contents

Chapter 3. Electron microscopy and its role in cultural
heritagestudies . . . . . . .. . . 0 e 73
A. Adriaens and M.G. Dowsett

3.1

3.2

3.3

3.4
3.5

3.6

3.7
3.8

Introduction . . . . . . . . . . . o . e e 73
3.1.1 Why use electron microscopy? . . . . . . . . .. 73
3.1.2 Imagingwithelectrons . . . . .. ... .. .. .. 73
3.1.3 Varieties of electron microscopy . . ... ... .. 75
3.1.4 Recent developments in commercial SEM . . . . . 77
The interaction of electrons with
a solid—contrast mechanisms . . . . . ... ... .. .. 79
32.1 Scattering . .. .. ... i 80
3.2.2 Secondary electron emission . . . .. ... .. .. 81
3.2.3 DBackscattered electrons . .. ... ... ... .. 82
3.24 Cathodoluminescence ., . . . . . . . . .. ... 83
3.2.56 Core-level excitation and X-ray or

Augeremission . . . . . ... .. 000 84
3.2.6 Electron energy loss spectroscopy . . . . . .. .. 86
3.2.7 DiffractioninTEM . ... ... ... .. .. ... 88
3.2.8 ImagecontrastinTEM ... ........... 91
Components and optics of electron
MICTOSCOPES « v« « v 4 v v v 6 b v e e st e e e e e 92
331 Basicoptics. .. ... .. ..., 92
3.3.2 Theelectrongun .. ... ............. 92
33.3 TFocusing anelectronbeam . . . . ... .. .. .. 93
3.3.4 Newtonianlensmodel .. .. ........... 95
3.3.5 Themagneticprism ... ............. 97

336 Detectors . . . . . . . .. 98

Sample preparation techniques . .. ... ... ... .. 102
Origin/provenance gtudies . . . . ... ... ... .. .. 104
351 Ceramics . . . . .. . ... . 104
352 Glass . . . . .. . e e e 106
Technology and techniques of manufacture . .. ... .. 106
361 Seals .. .. .. . .. e e 106
362 Ceramics . . . . v v v v v v e e e 107
3683 Glass . . .. .. .. .. . 113
364 Metals . .. .. .. . e 114
Use . . . o e e e e e e e 117
Degradation processes, corrosion and

weathering . . . .. .. . . ... . ., 118
381 Metals . .. .. ... ... . ..., . 119



Contents

382 Glass . . . . . . e e e e e e 119
888 Ceramics . . . . . v . v v it e e e 120
3.9  Authenticity and authentication . . . . . . ... ... .. 121
310 Conelusionsg . . . . v v v v vt e e e e e 123
Acknowledgements . . . . . .. ... . . .00 124
References . . . . . . . .. . . i i it e, 124
Chapter 4. X-ray based methods of analysis . . . . . ... .. ... 129
K. Janssens
4.1 Introduction . . . .. . . . . . i i 129
42 Basicprinciples. . . . . . . . .00 e e 181
4.2.1 X-ray wavelength and energyscales . . . .. ... 131
4.2.2 Interaction of X-rays with matter . . ... .. .. 131
4.2.3 The photoelectric effect; X-ray
fluorescence. . . . . . . . . .. ... ..., 138
424 Scattering and diffraction. . . . .. ... ... .. 137
42,5 X-ray absorption fine structure and
spectroscopy . . . . . . 0 e e e e e 143
4.3 Instrumentation for X-ray investigations . . ... .. .. 147
431 XTaySOUrCes . . « v v v v v v v v e e e e e 148
4.3.2 Xraydetectors . . . . . . . . e 165
4.8.3 X-ray fluorescence instrumentation .. ... ... 164
434 XRD instrumentation . ... ... ........ 186
43,56 XAS instrumentation at SR beamlines . . . . . . . 198
4.4 A survey of applications of X-ray methods in the cultural
heritagesector . . . . . . . . .. ... ... . 194
4.4.1 Compositional analysis of historic glass . . . . . . 195
442 Pigments . . . . 0 . i 0 i e e e e e e 195
443 Lustreware . . .. . v v v v e e e e 200
444 Metallicartefacts . . . . ... ... ... ... .. 202
44,5 Analysis of graphic documents . . . . . . ... .. 206
4.4.6 Mn oxidation in odontolites . . . .. ... .. .. 210
4.4.7 Therapeutic and cosmetical chemicals
of Ancient Bgypt . . . . . . .. 0 oo 211
45 Conelusion . . . . v v v v i i e e e e e e e 215
Acknowledgements . . . . . . . 0 00 00 e e e e 216
A4,1 Figures-of-merit for XRF spectrometers . . .. . ... .. 217
A4.1.1 Analytical sensitivity . . . . . . . . . ... ... 217
A4.1.2 Detection and determination limits . .. ... .. 217
References . . . v v v v v v v v o o v et v h i s e e s 219



Contents

Chapter 5. Ion beam microanalysis . . . . . .. . . .« ... .. 227
T. Calligaro, J.-C. Dran and J. Salomon
5.1 Historical background and motivation . . . . . .. .. .. 227
5.2 Fundamentals of ion beam analysis . . . ... .. .. .. 228
5.2.1 Interaction of radiations with matter . .. .. .. 230
5.2.2 Particle-induced X-ray emission . ... .. .. .. 237
5.2.3 Elastic scattering of particles . . ... .. .. .. 244
5.2.4 Nuclearreactionanalysis . ... ... .. .. .. 246
5.3 Specific arrangements for the study of art a.nd
archaeologicalobjects . . . . .. ... . ... . ... .. 251
53.1 Externalbeams. ... ............... 251
5.3.2 Nuclearmicroprobes . . . . . .. ... ... .. 253
5.3.83 Micro and macro-imaging . . .. ... .. .... 255
53.4 DPortablesystems . .. ... ... ... .. ..., 255
54 Applications in the field of art and archaeology . . . . . . 257
541 Materials’ identification . ... ... ... .. .. 257
542 Provenance of the materials . . . ... ... ... 263
5.4.3 Alteration phenomena . .. ... ... .. .... 266
5.44 Authentication and relativedating . . . . . .. .. 267
55 Survey of worldwide IBA activity in the field of
culturalheritage . . . . . .. .. ... L 0oL 268
5.6 Conclusion and future prospects . . . .. ... ... ... 268
Referemees . . . . . . . . 0 it it e e e e e e 271
Chapter 6. X-ray photoelectron and Auger electron spectroscopy . . . 271

Annick Hubin and Herman Terryn
6.1 Introduction

........................ 277

6.2 The basic concepts of XPSand AES . .. ... ...... 279
6.2.1 Principle of X-ray photoelectron spectroscopy . . . 279

6.2.2 Principle of Auger electron spectroscopy . . . . . . 282

6.3 XPS and AES instruments . . . . ... ... . ... 286
6.31 Generalset-up .. .. .......... ... .. 286

6.32 Thevacuumsystem . . . . . . .. .+ o' v .. 287

6.383 TheX-raysourceforXPS .. ........... 289

6.34 TheelectrongunforAES .. ........... 290

6.3.5 Detection of electronenergy . .. ... ... . 291

6.36 Theiongun . .. .. ... ..o, 294

6.3.7 The sample holder andstage , . . ... .. .. .. 295

6.4 Samplerequirements .. ................. 296



6.5 Information in XPS and AES spectra . . .. ... ..
6.5.1 Surfaceanalysis ... .............
6.5.2 Qualitativeanalysis . .. ...........
6.5.3 Quantitativeanalysis . ... .........
6.5.4 Chemicalanalysis .. .............
65,5 In-depthanalysis ...............
6.5.6 Dataanalysis ........ e e e e
65.7 Imaging ... .................
6.6 Comparison of XPS, AES and other surface
analytical techniques . . . .. .. .. .. .. .....
6.7 XPS and AES for chemical analysis of
cultural heritage materials . . . . ... ... .. ...
Acknowledgements . . . . . . ... .. ... ... ... ..
References . ... ... ... . ... .. . .. ......

Contents

Chapter 7. Laser ablation inductively coupled plasma mass

SPECIrOMEITY © v v . v i e e e e e e e e e e e e e e e

Teresa E, Jeffries

7.1 Introduction ... ...................

7.2  The inductively coupled plasma mass spectrometer . .
7.2.1 Historicalaccount . ... ...........
7.2.2 Operationalrationale. . . .. .........
7.2.3 The inductively coupled plasma . . ... ...
7.2.4 The plasma sampling interface . .. ... ..
7258 Tonfocusing .. ................
7.2.6 Quadrupole massanalyser . . ... ......
72,7 'The vacuumsystem ........ Ve e
7.2.8 Ion detection and signal handling . . ... ..

7.3 Laser ablation: essential components . .. ... ...
7.3.1 Development ofthelaser . . . .. ... .. ..
7.3.2 The association of lagers with ICP-MS . . . . . . .
7.3.3 Stimulated emission . .. .. ... .. e
7.3.4 Nd:YAG laser (resonator) cavity . . . ... ..
7.3.6 Harmonicgeneration. . ... ... .......
7.3.6 Harmonicseparation . . . .. ... .......
7.3.7 Energy attenuation and control. . . . . .. ..
7.3.8 DBeam delivery and viewing optics . . ... ...
7.3.9 Ablation cell and sample transport . ... ...

7.4 Analytical concepts and factors affecting analysis . . .

7.4.1

Why use the technique? . . ... .. ... ...



Contents

7.4.2 Sample preparation andmounting . . . . . . . .. 344
7.4.3 Analysis of transientsignals . . . . .. .. .. .. 345
7.44 TFactors affectinganalysis .. ... ...... .. 347
7.45 Optimization and calibration . . . . .. .. .. .. 350

7.46 Figures of merit and analytical performance
targets . . . . . L. L o e 352
7.5 Continuing developments and final remarks . . . . . . .. 355
7.51 Continuing developments . . .. ... .. .. .. 355
752 Finalremarks ... ... .. ....... .. .. 356
References . . . . . . v i v i i v i e i e e e e e 357

Chapter 8. Infrared, Raman microscopy and fibre-optic

Raman spectroscopy (FORS) . . . . .. .. .. ... .. .... 359
Howell G.M. Edwards and Dalva L.A. de Faria
81 Introduction . . .. . . . .. . . o i i e 359

8.2 Comparison of the potential use of IR and Raman
spectroscopies for the non-destructive analysis

ofartworks .. .. .. ... . ... . ... ... 360
8.3 Some theoretical aspects of IR and Raman

spectroscopies . . . . . . o e h e e e e e e e . 367
84 Instrumentation . ... ... .. .. ........... 373
85 Sampling . . .. .. .. ... e 381
86 ResomanceRaman . .. ................., 387
87 SERS . . .. . e e e e e e e 390
8.8 Intensity measurements in Raman scattering . . . . . ., 390
8.9 Raman spectroscopy with fibreoptiecs . . ... .. .. .. 392

8.9.1 Sampling considerations . . . . . . e e e e 392

892 Probedesign ... .......... . ....., 392

893 Probebackground . ... .. .........., 393
Referemces . . . . . . . . . . . . . . . i e 393

Chapter 9. Secondary ion mass spectrometry. Application to
archaeology and art objects . . . . . . . . . .. . ... ..., 397
Evelyne Darque-Ceretti and Mare Aucouturier
9.1 Introduction

........................ 397
9.2 Principles and equipment . . ... ... ..... ..., 399
9.2.1 Principles. . ........... e e e e e 399
9.2.2 Equipment and choice of analytical parameters . . 410
9.3 Analysisprocedures .. .......... e e 420
9.3.1 Elemental identification, sensitivity . . .. .. .. 420

xviil



Contents

9.3.2 Quantitativeanalysis ... ... .........
9.3.3 In-depth analysis and depth resolution . ... ..
934 Surfacesgnalysis . . .. ... .. ... ......
9.3.5 Imaging, lateralresolution . . . . ... .. .. ..

9.3.6 Chemical compound analysis and distribution . . .
9.4 Examples of applications for cultural heritage . . . . . . .
9.4.1 Dating and/or provenance studies based
onisotopicanalysis . .. .............
9.4.2 Dating (not based on isotopic analysis} .. . . ..
9.4.3 Provenance studies not based on isotopic

analysis . . . . . e e e e e e e e e e e e

9.44 Surface layer analysis on artefacts . ... . ...

9.4.5 Interface studies on coated layers . . ... .. ..

9.4.6 ToF-SIMS applications . . . ... ... ......

95 CQConclusion . . . . . . . 0 e e e e

References . . . . . . v v i i i i e e e e e e e e e e e e e e

PART Ii. CASE STUDIES SECTION

Chapter 10. The non-destructive investigation of copper

alloy patingas . . . o o L e e e e e e e e e e e e e
David A. Scott

10.1 A brief historical account . . . . . ... ... .. .. ..
10.2 Optical examination . . .. ... ... ... .......
10.3 Environmental scanning electron microscopy . . . . . . .
104 X.ray fluorescence analysis . . . . . . v v 0.
10.6 Scanning X-ray fluorescence microanalysis . . . . .. ..
106 XRDanalysis . . . . . . 0 v v v i e e e e
10.7 FTIR spectroscopy . . . . v v v v v v v v v v v v v o v o
10.8 Conclusions . . . . . . . v v v v i v b e
Acknowledgements . . . . . . . 0o e e
References . . . . v v v v i i vt o i s e e

Chapter 11. Precious metals artefacts . . . . v .« . . v« . oo .
G. Demortier
11,1 Intreduction . . . . . . . . . i e e e e e
11.2 Non-destructive analysis of gold jewellery items . . . . . .
11.2.1 Contribution of atomic and nuclear
(but non-radioactive) methods to the analysis
of ancient gold jewelleryitems . . . . . .. .. ..

xix



Contents

11.2.2 Illustration of the analytical performances of

non-vacuum PIXE for gold artefacts . . . . . . .. 496

11.3 Thesolderingofgold . . . . .. ... ... .. .. ... 498

11.8.1 Ancient recipes for gold soldering . . .. .. ... 498

11.3.2 Iranian goldsmithery from the 4th century Bc . . . 499

11.3.83 Tartesic gold artefacts . . . . . . . ... . . ... 502

11.3.4 Later Iranian goldsmithery. . . . . . . . .. ... 506

11.3.5 Preparations of low-melting brazing alloys. . . . . 509

11.8.6 A new reading of Elder Pliny’s Natural History . . 517

11.3.7 Ttalianjewellery . . .. .. .. ... ....... 520

11.3.8 Gold artefacts from Slovenia . . ., . ... .. ... 521

11.3.9 The Guarrazartreasure . . ... .. .. .. .. . 525

11.8.10 Merovingian and late Byzantine jewellery . . . . . 528

114 Pre-Hispanic gold artefacts of Mesoamerica . . . .. ... 530

11.4.1 Archaeologicalcontext . . ... ... .. .. ... 530

11.4.2 A selection of typical artefacts . . . . . ... ... 534

11.4.3 Differential PIXE . . . . .. .. ... .... ... 536
11.4.4 Application to the measurement of the gold

enhancement at the surface of tumbaga . .. .. . 538

11.5 Characterization of complexitems . . . . .. .. .. ... 544

11.5.1 XRF induced by ay-raysource . . . . .. .. ... 544

11.5.2 Gamma-ray transmission measurements . . . . . 544

11.5.3 Study of a composite gold jewellery artefact . . . . 545

116 Goldecoins . . . . . . . . . i v i e e e e 548

11.6.1 Fineness measurements of goldcoing . . . . . . . 548

11.6.2 Gold coins from the ancientworld . . . . .. ... 548

11.6.3 Gold coins from thenewworld . . . . .. .. ... 556

117 Comelusions . . . . . . . . . . . e e e 558

Acknowledgements . . . . .. .. .. ... .. .. 559

References . . . .. .. . . . . . . i it 560

Chapter 12. Diagnostic methodology for the examination of Byzantine
frescoes and icons. Non-destructive investigation
and pigment identification. . . . . ... .. 0. 565
Sister Daniilia, Sophia Sotiropoulow, Dimitrios Bikiaris,
Christos Salpistis, Georgios Karagiannis and

Yannis Chryssoulakis

121 Introduction. . .. . . .. . .. .. . . ... .. ... 565

12.2 The Entry of the Mother of God into the Temple . . . . . . 566
12.2.1 Description . . . .. .. .. .. .. ... ..... 566



12.3

Contents

12.2,2 The preparation of the plaster: materials

and technique . . ... ..............
12.2.3 Thedrawing . . .. .. .. . . . v v
12.2.4 Materials and painting techniques . . . . . . ...
12.2,5 Study of the colour palette . . . . .. .. .. ...
1226 Conclusions . . . ... ... ... ... ...,
Mother of God Hodegetria . . . ... ... ... ... ..
12.3.1 Description . . . . . . . . 0 oo
12.3.2 Construction and state of preservation

ofthesupport . .. .. ..............
12.3.3 State of preservation of the surface . .. ... ..
1234 Theground . . . . . . . . v v v v v e
12.3.5 Thedrawing . . . . . . . . . o v v v v v v v
12.3.6 Materials and technique of the painting . . . . . .
12.3.7 Conclusions . . . . . . . . . v vt v,

Al2.1 Experimentaldetails . . .. . ... ... .........

Al12.1.1 Non-destructiveanalysis . . . ... ... . ...
A12.1.2 Micro-samplinganalysis . ... .. .......

References . . . . . . . . . . 0 e e e e e e e

Chapter 13. The provenance of medieval silver coins: analysis with
EDXRF, SEMIEDX and PIXE . . . . . . . ., . ... ..
Robert Linke, Manfred Schreiner, Guy Demortier,

Michael Alram and Heinz Winter

13.1
13.2

13.3

13.4

Introduction . . ... ... .. .. .. .. .. ...,
The Friesacher Pfennig . . . . .. .. ... ... ...,
13.2.1 Introduction . ... .. ... .. ... ... ..
13.2.2 Experimental ... .. ... ... e e
1328 Results . . . . . . . . . . i i it e
The Tiroler Kreuzer . . . . . . . . . ¢ v v v v v v v v o
13.3.1 Introduction . . .. . ... ..« oo
13.3.2 Experimental . .. .. .. ... ... ...
Conclusion . . . . . . ¢« . v i v i v e it e e

Acknowledgements . . . . . . . . .. .00 e e e e e
ReforeNCBS . . v v v v e v e e e e e e e e e e e e e e e e

Chapter 14. Pigment identification in illuminated manuscripts
Peter Vandenabeele and Luc Moens

14.1

Introduction . . ¢ v v v v e e e e e e e e e e e e s



Chapter 15. Provenance analysis of glass artefacts

xxii

Contents

14.2 Combined method approach . . . . .. .. .. ... ...
14.2,1 Analysis of manuseripts . . . ... ... ...
14.2.2 Sources of impurities . . . . .. .. ... ..

14.3 Analysis of the manuscripts from the collection
of Raphael De Mercatellis . . . .. ... .........
14.3.1 Imtroduction . .. .. ... ... .. ... ...
14.3.2 Pigment identification with TXRF and MRS . . .
14.3.3 Intra-manuscript comparison of Bxpositio

problemotum Aristotelis . . . . .. .. ... ...
14.3.4 Analysis of Decretum Gratiani . . . . . . .. ...

144 Conclusion . . . . . . . . . o v i v it e e

Acknowledgements

References

........................

............................

..........

Bernard Gratuze and Koen Janssens
151 Imtroduction . ... ... ... .« ' it v v
15.2 Obsidian, a natural glass used since the Paleolithic era .
153 Bronze and Ironageglasses . . .. .. ... ... ....

15.3.1 Neolithic first artificial glassy materials and

the discovery of glass during Bronze Age . . . . .

15.3.2 When trade beads reached Furope , . . . . . ...

15.3.3 Middle Bronze Age plant ash soda-lime glasses .

15.34 Late Bronze Age mixed soda—potash glasses

15.3.5 Iron Age and Antiquity natron soda-lime glasses

15.3.8 Protohistoric glass traderoutes .. ... .. ...

15.3.7 Glass chrono-typo-chemical models:

adatingtool? . . . ... .. ... ... ... ...

15,4 Glass trade towards and from Central Asia and

the Indian world during Antiquity . . . . . ... .. ...
15.5 Carolingian glass production: sgome unusual lead

glass composition smoothers . . . . .. ... .. .. ...
15.6 Late Middle Age recycledglass .. .. .. ... .. ...
15.7 Glass technology transfer during the 16th—17th century

toand from Antwerp . . . .. . ... . ... L.,
15.8 Trade beads: the glass trade internationalization,

during the Post-Medieval period
1589 Conclusions . .. . . . . .. . . e
Acknowledgements . . . .. ...
References

--------------

............................

657
658
659
660
660

663

663
665
670

670
671
672
874
675
678

678

680

687
691

699
702

705
706



Chapter 16. Corrosion of historic glass and enamels . . . . . .. .. 713
Manfred Schreiner

16.1 Introduction . . ... ... .. ... 713
16.2 The weathering of medieval stainedglass . . . . ... .. 716
16.2.1 SEM investigations of the corrosion phenomena
on naturally weathered medieval glass . . .. .. 719
16.2.2 The determination of hydrogen in the leached
surface layer by SIMSand NRA . . ... .. ... 725
16.2.3 Leaching studies of glass with medieval
composition . . . ... ... L. 731
16.2.4 IRRAS investigations on leached glass with
medieval composition .. ... .......... 735
16.2.5 Weathering phenomena on glass with medieval
composition studied with TM-AFM . . . ... .. 738
16.8 The degradation of medieval enamels . . ... ... ... 742
16.3.1 SEM investigations of the enamel of the
medievalgoblets . . . .. ... ... ....... 745
164 Conclusion . . .. .. . .. i e 750
Acknowledgements . . . . .. .. .. ... ... ... 752
References . . . . . . . 0 v i i e e e e e e e e e e 753

Chapter 17. A study of ancient manuscripts exposed to iron—gall

ERECOTPOSION . . . . . . v i i i e e e e e e e e e e e e e 756
Ewa Bulska and Barbara Wagner
171 Introduction . .. ... .. ... ... ... . ..., 755
1711 Tron—gallink . . . . . . ... ... ... ..... 756
17.1.2 Iron-gall ink corrosion . .. .. ... ... ... 758
17.1.3 Investigated artefacts ., .. ... .. ....... 760
17.2 Analyticalmethods . . .. .. ... ... . 0. 763
17.2.1 Inspection by scanning electron microscopy . . . . 766
17.2.2 Compositional analysis by X-ray fluorescence
gpectrometry . . . . . . . 00000 766
17.2.3 Electron probe micro-analysis . . ... ... ... 768
17.2.4 Laser ablation inductively coupled plasma
mass spectrometry . . .. .. 0000 0. 770
17.2.5 Elemental analysis by inductively coupled plasma
mass spectrometry . . . ... oo 000 778
17.2.6 Graphite furnace atomic absorption
spectrometry . . . . ... 0o e 774
17.2.7 Méssbauer spectrometry . . . . . . . ... ... 775



Contents

17.2.8 Investigation of Fe(II)/Fe(III) by X-ray absorption
near edge spectroseopy . . . . . . .o . .. oL
17.3 Searching for the conservation treatment . . . . . .. . .
17.8.1 Reconstitution of manuscript by model samples . .
17.3.2 Requirement for conservation treatment
17.3.3 Investigation of the model samples C e
17.4 Concludingcomments ., . . . . ... ..., .. .. ....

Acknowledgements . . . . . .. ... o oL
References . . . . . . v i i v i ittt e i e e e e

xxiv



