R —

INDUSTRIAL .
APPLICATION |
OF
RADIOISOTOPES

Edited by

G. Foldiak




2

r

~
-
-

-

-

3

3.
%1.1.1.
3112

s

oo

W

AhARRRRR D

I S R S S

NN NN

O 10 1O et P e fee B

L el e e e

o~

WP i

W o

W
W

[9%)
-

43.
44.
45.
4.6.

.

1

B

L P9

bl

Wi

CONTENTS

Basic data and definitions by T. Lengyel 13

Symbols 13

Basic definitions used in isotope techniques 14

The major properties of the 100 most important radioisotopes 24
Main properties of radioisotopes and isotopic preparations 32
General properties of radioisotopes 32

Main properties of sealed sources 44

a-radiation sources 44

. p-radiation sources 45

y-radiation sources 46
Neutron sources 47
Special radiation sources 48

Nuclear instruments and measurements by S. Rézsa 51
Nuclear radiation detectors 51

Gas ionization detectors 52

Ionization chambers 54

The proportional counter 56

. Geiger-Miiller (GM)-counters 58

Semiconductor detectors 62

Scintillation detectors €7

Basic types of radiation measuring and analysing instruments 75
Counting rate meters 76

Scalers 76

Amplitude analysers 77

Basic principles for industrial uses of nuclear measurements 80
Radiation sources and containers 82

Radiation detection in industrial environments 84

Measuring systems for industrial problems 85

Statistical measurement error 90

Determination of physical material characteristics by nuclear measurements 91
Level height determination 91

. Level height (extreme value) indication 92
. Continuous level height measurement 101

Density measurement 107

Quantity measurement 114
Thickness measurement 117
Coating thickness measurement 126
Moisture content measurement 129
Portable nuclear instruments 133
References 136

Radiotracer techniques by G. Kedmley 138

General considerations 138

Preparation of the investigation 139

Selection of the tracer isotope 139

Preparation of the measurement, calculation of the necessary amount of
isotope 144

Identification of materials and detection of faults 153

Identification of materials and tracking their movement 153




8 CONTENTS

2.2. Detection of cracks and leaks 155

3. Determination of flow rates 159

3.3.1. Pulse-like tracer injection 160

3.3.2. Continuous tracer introduction 164

3.3.3. Examples of application 165

34 Study of matenal flow in industrial processes by B. Balla 167
3.4.1. Basic principles of unit operations 167

342 Determination of residence time distribution functions 171
343 Industnal examples of material flow studies 176

344 Swudy of the homogeneity of mixtures 179

X5, Measurement of masses or volumes and mass transfer 181

35.1. Determination of masses or volumes 181

352, Wear studies 183

36, Tracer studies in physical and chemical research by Z. Paal 189
3.6.1. Tracers in physical operations 189

3.6.1.1. Tracers in separation processes 190

3.6.1.2. Diffusion 191

3.6.1.3. Tracer studies in sorption and surface chemistry 192

362 Study of reaction mechanisms and kinetics 195

3.6.2.1. Isotopic exchange 195

36.22 The investigation of intermediates and reaction pathways 196
36.23. Reaction pathway studies by the determination of the position of the label 198
3.6.2.4. The kinetic isotope method 200

3.6.2.5. Double labelling 202

37, Radiotracers in studies of biologically active chemicals by I. Elekes, L. Horvdth and

B. Pozsar | 205

3.7.1. Pharmacokinetic and metabolic studies of drugs 205
3.7.1.1. Pharmacokinetic studies 205

3.7.1.2. Metabolic studies 212

3.7.2. Radiotracer technique in pesticide research 214

38.  Radioisotopic age determination 217

References 220

4. Radioanalytical methods by , T. Bdlint, L. Gy. Nagy and E. Szabo 222
41, Analyucal methods based on physical interactions with radiation by T. Balint 223
4.1.1. Gas analysis based on ionization 223

4.1.2. Analysis on the basis of f-absorption and scattering 227

4.1.3.  Analysis by absorption and scattering of X- and y-rays 232

4.14. Isotopic X-ray fluorescence analysis (IXRF) 239

4.14.1. Theoretical basis 240

4142 Instruments 246

4.1.4.3. Practical applications 250 :

4.1.5. Analyucal methods based on neutron absorption, scattering and moderation 259
4.1.6. Analyses based on the Mdssbauer effect 260

42 Activation analysis by L. Gy. Nagy and E. Szabo 263

4.2.1. Theoretical basis 263

4.2.1.1. Neutron activation 263

42.1.2. y-activation 273

4.2.1.3. Determination by means of charged particles 274

422 Radiation sources used for activation analysis 275

423. Measurement of radioactive samples 282

4.23.1. Detectors 282

4.2.3.2. Recording and evaluation of y-spectra 283-

4.2.3.3. Chemical separations (destructive methods) 291

424 Practical applications 293

43.  Analytical applications of tracer methods by £. Bdnyai 296

43.1. Isotopic dilution 296

4.3.1.1. Simple isotopic dilution 296

O O N N N N N N N N N N N

LN nhnhnnnhnhhnhnhnnhnhnhhnhnnnanon

[TV RV A

o e Wle Sie W' Nllo Nlle Nl N



CONTENTS 9

4.3.1.2. Reverse and double isotopic dilution 298

4.3.1.3. Practical applications 299

43.2. Substoichiometric isotopic dilution 299

4.3.2.1. Solvent extraction of metal chelates 301

4.3.2.2. Other substoichiometric separations 308

43.3. Radioreagents 309

43.4. Radiometric titrations 312

4.3.4.1. Radioactive isotopes suitable as indicators 312

4.3.4.2. Extraction titrations 312

43.43. EDTA titrations 315

4.3.44. Precipitation titration 315

4.3.4.5. Redox and acid-base titrations 318

43.5. Radiochromatographic methods 318

4.3.5.1. lon exchange radiochromatography 319

4.3.5.2. Extraction radiochromatography 321

4.3.5.3. Radio paper chromatography 321

4.3.5.4. Radio paper electrophoresis 323

4.3.5.5. Focussing paper electrophoresis 323

4.3.5.6. Radio thin-layer chromatography 324

4.3.5.7. Radio gas chromatography 325

4.3.6. Isotopic exchange reactions 327
References 329

Sk Nuclear borehole geophysics by I. Czeglédi 332

Sl Natural y-ray logging 333

5.1.1.. Geochemical characteristics of rocks 335

5.1.2. Theory of the method 336

5.1.3. Interpretation of natural y-ray logs 339

5.1.4. Application of the y-ray method 343

5.1.5.  Natural y-spectroscopy 344

5.2, Methods using y-radiation sources 345

5.2.1.  y-y density logging 345

5.2.1.1. Procedure and interpretation 346

5.2.1.2. Application of the method 348

5.2.2. Selective y-y method 351

5.2.3. Other y-y methods 353

5.24. y-neutron method 356

5.3.  Methods using neutron sources 356

5.3.1. Methods based on isotope neutron sources 356

5.3.1.1. Conventional neutron methods 356

5.3.1.2. Neutron-y spectroscopy 367

5.3.1.3. Neutron activation methods 367

5.3.2. Methods using neutron generators 369

5.3.2.1. Methods based on inelastic scattering of neutrons (fast neutron-neutron
logging) 369

5.3.2.2. Activation using fast neutrons 371

5.3.2.3. Pulsed neutron-neutron method 372

5.3.2.4. Pulsed neutron-y method 374

5.4.  Tracer techniques in well logging 375
References 377

6. Radiation technologies by G. Foldidk 379
6.1. Radiation physical processes 383

6.1.1. Change of material structure 383

6.1.1.1. Electric conductors 383

6.1.1.2. Semiconductors 384

6.1.1.3. Insulators 385

6.1.2. Transformation of nuclear energy 386
6.1.2.1. Radioactive light sources 386




6.6.1.
6.6.2.
6.6.3.
6.6.4.
6.6.5.

L
711
712
T3
7.2
7.2.1.
7.2.2.
723
1231,
T332
T233.
7234
7235.
73

CONTENTS

. Radioactive electric power generators 387

Changing the conductivity of the medium 389

. Elimination of electrostatic charges 389
. Ignition of electric discharges 392

Radiation chemical processes 393
Inorganic substances 393

. Gases 393
2. Water and aqueous solutions 394
3. Inorganic ion exchangers 396

Organic substances 396

. Hydrocarbons 396
. Preparative processes 399

Polymers 400

Radiobiological processes 406

Processes in agriculture and the food industry 407
Stenlization of pharmaceuticals and medical instruments 410
Radiation resistance of structural materials 413
Inorganic materials 413

Air 413

Water and aqueous solutions 414

Polymers 414

Major technological consequences of radiation damages 414
Factors influencing decomposition 416

Various organic materials 418

Lubricants and organic moderators 418

Textiles 421

Paints 421

Adhesives 422

lIon exchange resins 422

Composite systems 424

Cables 424

Electronic parts 424

The technology of irradiation 425

Radiation sources 425

Economic factors 428

The control of irradiation 429

Ferrous sulphate (Fricke) dosimetry 430

Cerium sulphate dosimetry 433

Chlorobenzene dosimetry 435

Polymeric dosimeters 438

Dose indicators (Monitors) 439

References 439

Industrial radiography by J. Hirling 441

Classification of radiographic methods 441
Classification according to type of radiation 441
Classification according to the energy of radiation sources 442
Classification according to the detection of defects 443
Techniques of gamma-radiography 445

Laboratories for radiography 445
Gamma-radiographic field-tests 450

Preparation for radiography 453

Selection of radiation source 453

Planning the arrangement for radiography 453
Determination of exposure time 456

Complementary processes of radiography 459
Processing and handling of film 460

Radiographic sensitivity of images 461

bl
7:3:2:
7.3.2.1
7.3.2.
735
Teakeld
33
74.
T4l
74.2.
7e5¢
7.6.
7.6:1.
7.6.1.
7.6.1.
TON
7.6.2.
7.6.25
7.6.2.
1.6.2,
7.6.2.
7.6.3.
7.6.4.
7.6.4.
7.6.4.
7:6.5.




73.1
7.3.2;
7.3.2:1,
73.2.2,
7-33.
7331
7332
74.
74.1.
7.4.2.
1
7.6.
7:6:1;
76.1.1.
7:6.1.2.
7:611.3;
7.6.2.
7:6.2.1.
7.622
7.6.2.3.
7.6.2.4.
7.6.3.
7.6.4.
7.6.4.1.
7.6.4.2.
765

8.1.
8.1.1.
8.1.2.
138
8.1.4.
8.1.4.1.
8.1.4.2.
8.1.5.
8.2.
8.2.1.
8.2.2.
8.2.3.
82302
8.2.3.2.
8.2.4.
83
8.3.1.
8.3.1.1.
8.3.1.2.
832
8321
8.3.2.2.
8.3.2.3.
8.3.24.
8.3.3.
8.4.
84.1.
8.4.2.
8.4.3.

CONTENTS

Measure of the radiographic sensitivity 461

Influence of image quality on radiographic sensitivity 467
Factors determining image contrast 467

Factors determining contour sharpness 468

Influence of film quality on radiographic sensitivity 470
Factors determining film contrast 470

Factors determining contour sharpness of the film 470
Evaluation of radiograms 471

Determination of welding defects 471

Classification and evaluation of casting defects 474
Neutron and proton radiography 475

Industrial autoradiography by L. Bartha 476
Efficiency of the autoradiographic method 477
Resolution power of autoradiography 477

Sensitivity of autoradiography 479

Error sources of autoradiography 479

Techniques of autoradiography 479

Sample preparation 480

Labelling the sample with radioactive isotopes 480
Choice of emulsion and its handling 480

Films for autoradiography 482

Quantitative autoradiography 482

Application of autoradiography 483

Investigation of diffusion processes 483

Investigation of segregation 485

Solid state track detectors in autoradiography 485
References 486

Radiation protection by T. Biré 488

General aspects of radiation protection 488

The role of radiation protection 488

Dose concepts 489

The Dose Limitation System 491

Calculation of dose rate 498

Dose rate in air 498

Shielding calculations 505

Measurement of dose and dose rate 511
Methods of prevention 512

Technical protection 513

Administrative and organizational measures 513
Packaging and transport of radioactive materials 514
Packaging 514

Transport 515

Handling of Wastes and Contaminated products, decontamination
Supervisory methods 516

Personal dosimetry 517

Personal dosimeters 517

Determination of incorporated radioactivity 519
Work place monitoring 520

Dose rate measurement 520

Surface contamination monitoring 520

Air monitoring 521

Industrial products and wastes 522

Records 523

Use of sealed sources 523

Definition of sealed source and leakage test 523
Containers for sealed sources 524

General aspects 525

516

11




-
l- CONTENTS

431 Mothads of goonscnen 525
$437 Pepursery mesess 526
$413 iaallsnen and coaeeed S0
$434 Serwex mastesance 27

$ 4355 Inoafiewes, sconfemes  S27

542 Soeoud funes SI7

S$441 Imfusomy suciesr mstruments 527
$442 Indmorad radeography 523

$£443 Radanos techaolopes 529 I
L & Apphcation of unsealed radioactive substances 531 5

51 General aspects 531 1soto
£.5.1.1. Methods of protection 531 symt
£5.1.2 Planning and design 531 isoto
%513 Introduction of a tracer 532 prep:

85.14 Survallance 533

£.5.1.5. Releasing matenals, products 533

£5.1.6. Incidents, acadents 534

852 Special duties 534

8.5.2.1. Tracer experiments 534 1

8522 Radioanalytical work 534 radic
References 535

Bibliography 535 cvel

least
Appendix by T. Lengyel 536 d’Ur

Subject index 552

App
cony

appl
dive

editc
nota
sam
requ
sym

plac

~TmOn s e

Irel




