Index

a
abrasive fleece grinding, protective
paint 361-362
abrasive residues, layer removal 242
accidents, in hot-dip galvanizing
companies 219-221
accumulations, workpiece design
defects 406407
active metal corrosion, current-density
potential curves 306
active-passive corrosion elements 308
additional coating, standards for 280
addresses, hot-dip galvanizing
companies 419-439
adhesiveness
— corrosion resistance examination 343
— standards for 280
— zinc coating requirements 405
aeration and ventilation, definition 190
after-treatment
— coating quality requirements 355
— major methods (overview) 30
aftercooler, arrangement of 166
agricultural facilities, corrosion in  336-339
agriculture, galvanization usage
examples 393-394
air, sulfur-dioxide content 315-318
air-borne pollutants, process-related 196
air change rate, kettle housings 195
air conditioning, interior corrosion 320-321
air inclusions, galvanizing defects 287-288
air-pollution control
— authorizations 187188
—measures 188-210
—rules 185-187
— ventilation equipment (see ventilation
equipment)
air-pressure control, arrangement of 148

443

air tube, galvanization usage examples 391

airport passenger bridges, galvanization
usage examples 385

alcohols, highmolecular 38

alkaline cleaners

— analytical control 44

— composition 40

—role of recycling  44—47

— service life  44-47

— surface preparation 39

— technological flow chart 43

— water 4142

— working conditions 42-44

alkaline solution, degreasing agent 38

alkylnaphthalene sulfonic acids, degreasing
agent 38

alloyed zinc melts, layer
formation 117-120

alternating currents, corrosion in soils 333

aluminum coatings, athmospheric
corrosion 314

angle profiles, improper storage 322

Aquadrom Bremen, galvanization usage
example 388

arc welding methods 269

art, and corrosion protection 26-27

art objects, galvanization usage
examples  399-400

ash/flux, defects due to  409-410

assembly

— defects due to  412-413

— hot-dip galvanized components 414-416

assessment criteria, hot-dip galvanized
coatings on steel structures 405-406

atmospheric corrosion 5-6, 314-324

— natural weathering 315-320

— zinc coatings 304, 316

- zinc removal 317
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Index

Auenplatz at Cologne, galvanization usage
example 381

Augustdorf town hall, galvanization usage
example 381

automatic batch galvanizing
plants 136-137

—layout 131

automatic galvanizing lines, for small
parts 169-171

automatic pipe galvanizing line, layout 173

b
Bablik effect, silicon in steel 99-100
Bablik’s principle, duplex system 24
Bad Neustadt therapy center, galvanization
usage example 382
bag filters, cleaning methods 201
bar steel, small parts galvanization 272
barn equipment, corrosion by agricultural
products 337
barrel finishing, surface preparation 36-37
basic materials, surface quality 241-244
basket structures, galvanization usage
examples 384
batch galvanizing
— information centers 416—417
— layer-formation technology 94-97
— metal sheet car chassis 387
— and other corrosion-protection
processes 12
— parameters for 14
— schematic process 93
— standards for 282
batch galvanizing line, schematic
diagram of possible emissions 189
batch galvanizing plants
—automatic 136-137
- layout 131
bath cover, pretreatment plants
bath dimensions 244-245
“Belu Tec housing” 156-157
Bessemer, Henry, steel production 21
bimetallic corrosion 312-313
BImSchG. see Federal Emission Control Law
binding wire, for workpiece fixing 134
biological cleaning, surface preparation 48
black areas, defects from surface
coverings 409
black steel, practical measures for
environmental protection 230-232
blast-cleaned steel substrates, surface
roughness characteristics 19
blast cleaning, surface preparation 35-36
blasting

142

— layer removal 242

— primary surface preparation 32

— secondary surface preparation 33

blistering 413

— due to hydrogen 329

— from white rust 351

blow fog valves, rim exhausts 193

boreholes, workpiece design defects

brickwork, arrangement of 147

bridge crane, arrangement of 127-129

Bridge of Friendship Aachen, galvanization
usage example 397

brown corrosion layer 315

brown staining 413

brush seal, arrangement of 158

brushing, zinc ridges 274

building constructions, galvanization usage
examples 380-383

buildings, corrosion by agricultural
products 337

bulky parts, material to be
galvanized 245-246

burned castings, workpiece design
defects 408

burner, arrangement of 140, 143-144, 147,
168

407

c

car chassis, galvanization usage
example 387

carrier chain, arrangement of 143-144

cartridge filters, cleaning methods 202

cast materials

— hot-dip galvanization 276-277

— preparation of 79-80

castings, workpiece design defects

cathodic corrosion protection

— and other corrosion-protection
processes 12

— parameters for 15

centrifugal basket delivery, arrangement
of 172

centrifugal galvanizing lines, robot-
operated 170, 172

centrifugation 271

centrifuge, arrangement of 167, 171

centrifuge over bath, arrangement of 172

ceramic baths, immersion burners
for 145-146

ceramic lining, arrangement of 151

ceramic troughs

— arrangement of 168

— for galvanizing furnaces

chain conveyor

408

165-168



— arrangement of 127-129, 171

— hoisting platform for 133

chain suspension, of steel structures 136
chains, small parts galvanization 273
channel inductor

— arrangement of 172

— galvanizing furnaces 149-150
chemical cleaning
— alkaline cleaners 40-48

— special methods 51

— surface preparation 37-47

chemical conversion, protective
paint 362-363

chemical corrosion 2

chlorides, zinc corrosion 317

circular railway, arrangement of 128

circulating heating, galvanizing
furnaces 146

civil engineering, galvanization usage
examples 383-385

clean-gas chamber, arrangement of 166

closed heating, cooling systems 327

closed hollow bodies, workpiece design
defects 407-408

coating, corrosion-protection. see corrosion
protection

coating materials

— at defective spots 341

— definition 352

—liquid 363-364

— protective paint systems

coating methods

— advantages and disadvantages 16

— limitations 17

coatings. see also zinc coatings

— corrosion behavior 303-348

— defects from process engineering 410

— definition 352

— layer removal

— major defects

— quality requirements

— standards for 280

— on steel structures  405-406

— surface preparation 356-364

— zinc layers  349-370

coherences, avoidance of distortion and
crack formation 260-262

collection systems

— air-pollution control 191-196

— assessment bases 192-196

— housings for galvanizing kettles

- rim exhausts  191-192

color residues, galvanisation
defects 284-285

364-369

242-243
406439
355-356

192, 194

Index

companies
— addresses  419-439
— quality management 291-302
component parts, galvanization usage
examples 394-395
components
— constructive design of 353-355
—handling 414416
compressed-air blowing tube, arrangement
of 166
compressor, arrangement of 166
concrete, corrosion resistance due
to  334-336
condensate separation, arrangement of 166
condensed water, indoor
corrosion 321-323
constructive design, of
components 353-355
contact corrosion 3
containers 247-251
— arrangement of flanges and nozzles 250
— external galvanizing 248-251
contaminants
— influence on pickling behavior of iron 61
— on metal surfaces 30, 38
contaminations, on zinc coating 356-357
continuous drying furnace, layout
of 143-144
continuous galvanizing
— and other corrosion-protection
processes 12
— parameters for 14
continuous hot-dip galvanizing
— examples of use 400
— information centers 417
— of steel strips and steel wire 91-93
continuous-sheet galvanizing, examples of
use 400-401
continuous strip galvanizing, standards
for 282
continuous strip hot-dip galvanizing,
invention of 25
control cabinet, arrangement of 167
control path, arrangement of 173
control unit, arrangement of 148
cooling systems, corrosion 326-327
copper-induced corrosion 324
corrosion 1-7
— in agricultural facilities 336-339
— air conditioning 320-321
— from atmosphere 314-324
— basic principles  305-309
— bimetallic 312-313
— causes of 1-2
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— chemical properties 303-314

— corrosive stress 47

— current-density potential curves 306-308
— due to drain water 324

— due to drinking water 324-326

— due to incorrect repair 275

—indoor 320-321

— mechanical resistance 314-313

— origin of term 21

— as phenomenon 1

— rain protection 316-320

— resting potential 307-308

—in soils  330-334

- swimming-pool water 326

— thermal resistance 313-314

— thermodynamic fundamentals 309-312

— through nonaqueous media  338-340
— through water 324-330

— types of 2-3

—in water 7

corrosion behavior, zinc coatings
corrosion damage 2

corrosion failure 2

corrosion in soil  5-6

corrosion phenomena 3
corrosion products, removal 323
corrosion protection 7-18

— active procedures 7-9
—and art 26-27

— basic standards 18-19
— commercial relevance
— costs 376

— at defective spots
— definition 353
— design-engineering requirements 8
— DIN EN ISO 12944 10-11

— and environmental protection 18

— history 22-23

— information centers 419

— maintenance-related requirements 9
— manufacturing requirements 9

— passive procedures 9-11

— processes 12

— protection periods 11
— for steel and zinc 13
corrosion rates

— potential dependence
—in water 325

—zinc 303-304
corrosion reactions 2
corrosion resistance 2
— due to concrete 334-336

— examination 342-343

corrosion risk, due to concrete 334

303-348

10-18

340-342

332-333

corrosion system 1
corrosive stress  4-7
— atmospheric corrosion 5
— avoidance of damages 7
— corrosion in soil  5-6
— corrosion in water 7
— environmental conditions 6
corrosivity classes 320
cost reduction, quality management 291
costs, corrosion protection 376
counterflow rinsing cascade 57
cover-layer formation 329
covering layers, on metal surfaces 30
Cowper-Coler, Sherard, invention of
sherardizing 25
crack formation, avoidance 260-264
crack risk, large steel
constructions  263-265
cracks, in workpieces 284
crane, arrangement of 157
crane units 160
— adaptation to galvanizing operation 161
— equipment overview 161-163
crash barriers, galvanization usage
examples 383
crevice corrosion 3
crossbeam return 160
crossbeams
— arrangement of 127-129,
143-144
— hoisting platform for 132
crucible steel process 21
crude-gas chamber, arrangement of 166
crude-gas impact shaft, arrangement
of 166
crystalline structure
— low-phosphorus construction steels and
zinc melt 114
— zinc coatings 108-114
current-density potential curves, corrosion

processes  306-308
d
damaged area repair 259
damages

— due to straightening work 287

— zinc coatings 274

DBSO. see dibenzylsulfoxide

defect repair, thermal spraying 276

defective spots, corrosion
protection  340-342

defects

— avoiding through quality
management 292



— color residues  284-285

— drainage runs 411

—drops 411

— due to air inclusions  287-288

— due to ash/flux  409-410

— due to assembly 412-413

— due to design 406-409

— due to extraneous rust 412

— due to greases 409

— due to oils 409

— due to paint systems 409

— due to process engineering 409-412

— due to storage 412-413

— due to surface coverings 409

—due to tar 409

— due to transport 412413

— in hot-dip galvanizing process

— major 406-439

— occurrence 403-439

— paint markings 243

— peeling 410

— pimples 411

— points 411

—rough surface 411

— on steel substrates  34-35

— sticking points  410-411

—welding 265, 285-286

— welding slag 409

— zinc coating or galvanized
workpieces 406-439

deflecting howl, arrangement of 164

degreasing

— decision criteria for selection of
technologies 47

— oily wastes/residual materials 213

— practical measures for environmental
protection 230

— surface preparation 37-40

— waste/residual materials 212

degreasing bath, arrangement of 127-129,
140, 167

282-288

design
— hot-dip galvanization
requirements 239-290

— sheet steelware 255-257

— zinc coating  403-404

design and manufacturing, standards
for 278-282

design defects 406-409

dezincification, in hydrochloric acid 80-81

DHS. see dihexylsulfide

dibenzylsulfoxide (DBSO), inhibition of iron
dissolution 71-72

diesel fuel, corrosion due to 338

Index

diffusion

— compared to other coating methods 16

— limitations 17

dihexylsulfide (DHS), inhibition of iron
dissolution 71-72

DIN 50976. see DIN EN ISO 1461

DIN 55928

— organic and metallic coatings 19

—rust grades 31

DIN EN 1403, corrosion-protection
coating 12

DIN EN 10240, zinc coating 97

DIN EN 10326, continuous strip
galvanizing 282

DIN EN 10327, continuous strip
galvanizing 282

DIN EN 150 12944, coating material

DIN EN ISO 1461

— batch galvanizing 282

— hot-dip galvanized semifinished
products  258-259

— minimum coating thicknesses 95

— standards for design and
manufacturing 278-281

DIN EN ISO 2063, zinc spraying 282

DIN EN ISO 8503, blast-cleaned steel
substrates 19

DIN EN ISO 9001:2000, quality
management structure 292-294

DIN EN ISO 10240, batch galvanizing 282

DIN EN ISO 10684

— batch galvanizing 282

— fasteners 272

DIN EN ISO 12944

— corrosion-protection coating 10-11

— standards for design and
manufacturing 280

— surface pretreatment 275

DIN EN ISO 14713 239

— batch galvanizing 282

— standards for design and
manufacturing 281

DIN EN ISO 8501-1, rust grades 31

DIN EN ISO 8501-2, rust grades 31

DIN EN ISO 12944-4

— secondary surface preparation 33

— surface preparation grades 32

discontinuous hot-dip galvanizing

— examples of use 400

— information centers 416-417

discs, small parts galvanization 272

dissimilar contaminants, zinc coatings 356

dissimilar layers

—removal 241

18-19
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— steel structures  284-286

dissolution speed, zinc 303

distortions

—avoidance 260-264

- reduction  263-265

— at sheet metal construction 256

— workpiece design defects 408

documentation requirements, quality
management 294-295

domestic wastewater, corrosion 327-328

drain water, corrosion 324

drainage runs

— defects 411

- zinc coatings 273

drawing fluids, on metal surfaces 30

drinking water, corrosion 324-326

drops, defects 411

dross, galvanizing residue 215

dross removal, application of vibrators

dry galvanizing, layer-formation
technology 94

drying furnaces 142-145

— arrangement of 127-129, 140, 167, 171,
173

duplex-method, wastewater treatment
plants 328

duplex system, history 24

duplex-systems

— coatings on zinc layers

— corrosion in water 330

— protection period 353

— standards for 280

dust, and filtration area load 206

dust-collecting funnel, arrangement of 166

dust container, arrangement of 166

dust-separation phase, arrangement of 166

174

349-370

e

economic efficiency, hot-dip
galvanizing 371-378

efficiency, hot-dip galvanizing 371-378

efflorescence of salts 408

electric chain hoists, arrangement of  157-
158, 167

electric hoist crab pairs, arrangement
of 128

electrochemical corrosion 2

electrodes, welding 269

electrolytic galvanizing

— and other corrosion-protection
processes 12

— parameters for 14

electroplating galvanizing, parameters
for 14

electroplating methods, development 25

element enrichment, corrosion in
water 326

element formation, corrosion in soils 333

emission measurements, environmental
protection 210

EN ISO 8044, basic terms and
definitions 18-19

energy balance, kettles 174-176

energy supply, galvanization usage
examples 391-393

environment, and corrosion protection 18,
23

environmental conditions, corrosive
stress 6

environmental contaminants, on metal
surfaces 30

environmental protection 185-234. see also
occupational safety

— air-pollution control 185-210

— emission measurement 210

— flux treatment residues  214-215

— galvanization usage examples 396-397

— galvanizing residues 215-216

— measuring systems 210-211

—noise 216-218

— oily wastes/residual materials from
degreasing 213

— practical measures

— spent pickling solutions

— waste and residual materials

— working area measurements

exhaust, definition 190

exhaust-air filter, waste/residual
materials 212

exhaust-gas conduit, arrangement of
143-144, 147

exhaust-gas stack, arrangement of 167

external galvanizing, tubes and
containers 248-249

extraneous rust 282-284

— defects due to 412

f

fabric, schematic structure 204

fan, arrangement of 140, 147

Faraday’s law, corrosion processes
306-308

230-234

213-214
211-216
210-211

fasteners
— galvanization usage examples 394-395
— small parts  271-272

— unprotected 287
Fe/Zn phase diagram. see iron-zinc phase
diagram



Federal Emission Control Law
(BImSchG) 185, 211

feeding conveyor belt, arrangement of 172

feeding devices

— binding wire 134

— lifting accessories 133-134

— occupational safety 222-223

ferrous chloride, solubility in hydrochloric
acid  65-66

fiber mat lining, arrangement of 147

filling station, arrangement of 171

filter dusts, practical measures for
environmental protection 232

filter elements, air-pollution
control  198-203

filter hose, arrangement of 166

filter media

— air-pollution control 203-205

— resistance to chemicals 204

filter plant, arrangement of 127-129,
167, 173

filter structure, arrangement of 166

filtering separators, air-pollution
control  196-198

filters, practical measures for environmental

protection 232
filtration area load, and type of dust 206
filtration plants  163-164
—layout 164-165
finish, protective paint systems 355-356
fire coating
— compared to other coating methods 16
— limitations 17
flaking 413
flame-blasting, primary surface
preparation 32
flash, workpiece design defects 407
flood protection wall, galvanization usage
example 384
floor covering, arrangement of 167
floor insulation, arrangement of 147
flow apertures, steel profile
constructions  252-254
flue gas filter plant, galvanization usage
example 392
flux baths
— arrangement of 127-129, 167
— practical measures for environmental
protection 231
— waste/residual materials 214-215
flux residues, workpiece design
defects  408-409
flux treatment, waste/residual
materials 212

Index

foodstuffs, corrosion by agricultural
products 338
frames, for semifinished bar
material 134-135
free-corrosion behavior, in soils 331-332
free punches, steel profile
constructions  252-254
fuel oil, corrosion due to 338

g

galvanization material, dimensions and
weights  244-247

galvanization temperatures 239, 270-271

galvanized coatings, steel
structures  405-406

galvanized steel, corrosion behaviour in
concrete 335

galvanized workpieces, major
defects 406—439

galvanizing

— compared to other coating methods 16

— defects from air inclusions 287

— defects from process
engineering 409—412

— economic efficiency 371-378

— examples of use 379-402

— history 21-26

— limitations 17

— waste/residual materials 212

galvanizing basket, arrangement of 171

galvanizing basket beam, arrangement
of 171

Galvanizing Conference, 1.
International 25

galvanizing furnaces 145-155. see also
kettles

—arrangement of 128-129, 171-173

— with ceramic trough 165-168

— with channel inductor 149-151

— with circulating heating 146-147

— housing for 157-159

— immersion burners 145-146

— with impulse burner 148

— with induction heating 148-149

—layout of 140

— with resistance heating 149-150

— service plan of kettle 150-155

— with surface burner 147

— with surface heating 146-148

galvanizing kettles. see kettles

galvanizing lines

—automatic  169-171

— automatic pipe 173

—pipe 170-172
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— robot-operated centrifugal 170,
172

— semiautomatic 164165

galvanizing residues 215-216

gap, between steel substrate and zinc
coating 110

garbage container, galvanization usage
example 396

gas pipeline, arrangement of 164

gas-port heating process, arrangement
of 151

gas-shielded arc welding 269

“Gestellverzinkung: Zinc Elephant” 169

Globe-Arena Stockholm, galvanization usage

example 388
glycols, degreasing agent 38
greases
— defects due to 409
— layer removal 241
grinding, with abrasive fleece
grinding sparks 284

361-362

h

H-permeation, influence of material
composition 73

halogen spotlights, arrangement of 158,
168

handicraft, galvanization usage
examples  397-399

handling, hot-dip galvanized
components 414-416

hardness increase, due to manufacturing
processes 262

hazardous substances, handling
of 227-228

heat exchangers

— arrangement of 140-141,
143-144

- sealings 250

heated lid, arrangement of 168

heating boiler, arrangement of 140

heating curve, for commissioning of
galvanizing kettles 178

heating plate, arrangement of 150

heterogeneous mixed electrode, corrosion
processes 308

high-bay warehouses, galvanization usage
examples 390

high-molecular alcohols, degreasing
agent 38

high-precision bolts, fully automatic
galvanizing plants for 169-170

high-pressure water jets, protective
paint 360-361

high-silicon steel, layer formation 101-106,
108

high-temperature (HT) cleaners, surface
preparation 42

high-voltage overhead line poles,
galvanization usage examples 391

high-voltage poles, galvanization usage
examples 392

hinged door, arrangement of 158,
168

hinges, zinc coatings

hoisting platform

— for chain conveyor 133

— for crossbeams 132

holistic theory, layer formation 114-116

hollow bodies 247-251

— workpiece design defects 407-408

hook suspension, of steel structures 136

hooks, small parts galvanization 272

hot-dip galvanized semifinished
products

— construction  257-260

— processing  259-260

— requirements  258-259

hot-dip galvanizing

— cast materials  276-277

— components handling and
assembly 414416

— defect occurrence  403-439

— defects from process
engineering 409-412

— defects occuring in process

— development 23-24

— economic efficiency 371-378

— examples of use 379-402

- findings and inventions 25

— historical development 21-26

— and layer-formation technology 91-122

— and other corrosion-protection
processes 12

— parameters for corrosion protection
methods for steel and zinc 13

— sheets storage 322

- small parts  270-273

— standards of materials 279

— standards of surface conditions 279

— steel structures  405-406

- welding  265-270

— workpiece defects 406-440

hot-dip galvanizing companies

— addresses  419-439

— quality management 291-302

hot-dip galvanizing fluxes 81-85

— flux-induced residues 84-85

273-274

282-288



—on ZnCl2/NaCl/KCl basis 84

—on ZnCl2/NHA4CI basis 81-84

hot-dip galvanizing plants, technical
equipment 125-183

hot-dip galvanizing requirements, design
and manufacturing  239-290

hot-dip strip galvanizing, parameters
for 14

housings. see also zinc bath housings

— for galvanizing kettles 192, 194

— with hinged or sliding covers 157-158

— pickling  139-140

- zinc bath  155-159

hydrocarbons, degreasing agent 38

hydrochloric acid, density and concentration
values 62

hydrochloric acid baths, operating point
of 139

hydrochloric acid content, correlation with
pickle density and iron content 75

hydrochloric acid ferrous chloride solutions,
specific conductivity 76-77

hydrochloric-acid pickles 61-78

— analytical control 75-76

— chemical composition change 68-69

— composition 62-64

— ferrous chloride solubility 65-66

— inhibition and hydrogen
embrittlement  71-75

— internal recycling 76-78

— mixing cross for calculation of
preparation 63

- multistage rinsing 55

— operating point 63

— pickling conditions

— pickling time 6670

— relative movement of workpiece 69-70

— stress-corrosion cracking 73-75

hydrochloric sulfuric acid, essential
properties 59

hydrogen

— absorbed in zinc coatings

— blistering effect 329

hydrogen activity, influence of sulfur
content 74

hydrogen embrittlement, hydrochloric-acid
pickle 71-75

hydrogen-reduced stress-corrosion
cracking 73-75

64-70

99-100

i

immersion burners, for heating of ceramic
bath for zinc and zinc/
aluminum 145-146

Index

immersion time, influence on layer
thickness 102-105
immersion zone, corrosion rate in
seawater 329
immersions, multiple 246
imperfections, zinc coatings 274
improvement, quality
management 296-299
impulse burner, arrangement of 148
impulse burner heating, galvanizing
furnaces 148
impurity layers, on metal surfaces 30
indoor corrosion  320-321
induced draft fans, air-pollution
control 207-208
induction coil, arrangement of 149
induction heating, galvanizing
furnaces 148-149
inductor, arrangement of 151
information centers
— continuous hot-dip galvanizing 417
— corrosion protection 419
— discontinuous hot-dip
galvanizing 416417
—steel 418
— wire, tube and strip galvanizing 417
—zinc 418
inlet openings, profile dimensions 249
inspection doors, arrangement of 164
inspection of galvanized product, quality
management 299
insulation, arrangement of 148-150, 168
intergranular corrosion 3
interior rooms, corrosion without air
conditioning  320-321
intermediate weathering, protective painting
after 363
internal audit, quality management 296
internal stresses
—avoidance 251
— due to manufacturing processes 260-262
iron content, correlation with pickle density
and hydrochloric acid content 75
iron dissolution, inhibition of 71-72
iron-hydroxide sludge 215
iron industry, history 21
iron particles, from grinding work 284
iron protection 303
iron-zinc phase diagram 98
— Zn-rich side 116
ISO 8501-1, corrosion protection of steel
structures 19
ISO 8501-2, corrosion protection of steel
structures 19
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J

joining methods, sheet steelware 255

k

kettle change

kettle support, arrangement of 148

kettles 155

— air change rate at housing 195

— arrangement of 127-129,
147-150, 157

- commissioning of 177-178

— decommissioning of 181-182

— efficient energy consumption and service
life 180-181

— energy balance 174-176

— failures  182-183

— heating curve for commissioning 178

— housings for 192, 194

— optimum operation 179

- service plan  150-155

— temperature profile 179

— thermal standard values 176

Kirkendall effect 286

— zinc coatings 313

I
l-octin-3-ol. see octinol
large steel constructions
— multiple immersions 264
— reduction of distortion/crack
risk  263-265
layer chipping 313
layer-formation technology
— between 435 °C and 620 °C  98-120
— after-treatment 122
— batch galvanizing 94-97
— continuous hot-dip galvanizing 91-93
— effect of silicon 99-102
— high-temperature galvanizing 107-108
— holistic theory 114-116
— influence of alloying elements of
melt 117-120
— influence of melting temperature and
immersion time 102-105
— influence of steel heat treatment 106-107
— liquid-metal-induced embrittlement
(LME) 120-121
— process variants
— structural analyses
layer removal 241
layer thickness
— corrosion resistance
examination 342-343
—requirements 404

91-98
108-114

layers, dissimilar 284-286

lead, influence on surface tension 119

leading to defects, thermal
impacts 286-287

legal foundations, occupational safety 219

leisure, galvanization usage
example 388-389

lifting accessories  133-134

lifting unit, arrangement of 157

liquid coating materials, protective paint
systems 363-364, 366, 368

liquid manure silos, galvanization usage
examples 394

liquid-metal-induced embrittlement
(LME) 120-121

LME. see liquid-metal-induced embrittlement

local corrosion, in water 325

low-alloyed heat-treated steels

— influence of material composition on
abrasion and H-permeation 73

— influence of sulfur content on hydrogen
activity 74

low-phosphorus construction steels,
crystalline zinc melt structure in batch
galvanizing 114

low-silicon steel, layer formation 100-101,
103-106, 108

low-stress manufacturing 262

low-temperature (LT) cleaners 42

m
main station in Cologne, galvanization
usage example 386
major defects, coatings
MAK-values 187
makeshift bridge, galvanization usage
example 386
Malouin, invention of hot-dip
galvanizing 25
management responsibilities, quality
management 295
mandatory signs, occupational safety 229
manometer, arrangement of 166
manual, quality management 292
manual/mechanical preparation
— primary surface preparation 32
— secondary surface preparation 33
manufacturing
— economic efficency 372
— hot-dip galvanization
requirements  239-290
manufacturing technology, surface
preparation classification 363-364
Marggraf, A. S., zinc production 25

406-439



Maritim hotel in Cologne, galvanization
usage example 380

markings, layer removal 242-243

mass loss, athmospheric corrosion 315

material thickness

— dependence from structure surface 372

— and surface area 53

measuring analysis, quality
management 296-299

mechanical plating, parameters for 15

mechanical resistance 314-313

mechanical sanding, secondary surface
preparation 33

mechanical surface-preparation methods

— barrel finishing 36-37

— blast cleaning  35-36

melt alloying elements, influence on layer
formation 117-120

melting temperature, influence on layer
thickness 102-105

metal embrittlement 407

metal spraying, parameters for 14

metal surfaces, potential contaminants 30

metallic coating methods

— advantages and disadvantages 16

— limitations 17

metallic coatings

— combination with protective paint
system 349

— steel structures 19

— with zinc powder 12

milking-carrousel, galvanization usage
example 393

minimum coating thicknesses, according to
DIN EN ISO 1461 95

mining, galvanization usage
examples  390-391

mixed electrode, corrosion processes 308

mixing cross, for calculation of pickle
preparation 63

molecular hydrogen, absorbed in zinc
coatings  99-100

monitoring, quality management 296

monorail, arrangement of 167-168

multiple immersions, large steel
constructions 264

multistage rinsing  54-56

n

Na salts, of polycarboxylic acids 38

nails, small parts galvanization 272

naphtyl methyl chinolinium chloride
(NMCC), inhibition of iron
dissolution 71-72

Index | 453

natural ventilation, definition 190
natural weathering, corrosion 315-320
needle felting, schematic structure 204
Nernst equation, zinc corrosion 305
Neue Messe Leipzig, galvanization usage
example 382
nickel, influence on layer
thickness 119-120
nitrogen atmosphere, annealing of
steels 107
NMCC. see naphtyl methyl chinolinium
chloride
noise, maximum guideline values
noise protection 218
nonaqueous media, corrosion due
to  338-340

216-217

o

occupational safety 219-230. see also
environmental protection

— accidents in hot-dip galvanizing
companies 219-221

— equipment of hot-dip galvanizing
companies 221-223

— handling of hazardous
substances 227-228

— legal foundations 219

— mandatory signs 229

— operating instructions 223-224

— personal protection equipment 223,
225

— personal rules of conduct 223-227

—rescue signs 229

— safety marking at workplace 228

— statutory representative for environmental
and labor protection 228-230

octinol, inhibition of iron
dissolution 71-72

oils

— defects due to 409

— layer removal 241

oily wastes/residual materials, from
degreasing 213

open baths, occupational safety 221-222

open cooling systems, corrosion 326327

openings, size 247

operating instructions,
pretreatment 223-224

order effect, silicon in steel 99-100

organic coatings, steel structures 19

outlet openings, profile dimensions 249

overlaps

— steel profile constructions 252

— steel profiles 243-244
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Index

oversized parts, material to be
galvanized 245-246
oxide layer, steel 58-60

p
paint markings, defects 243

paint systems

— defects due to 409

— definition 352

— layer removal 242-243

— protective  18-19

— schematic diagram 354

paper, as filter medium 204

part rinsing, surface preparation 51-57

part sizes, material to be
galvanized 245-246

partial blasting, secondary surface
preparation 33

partial manual/mechanical preparation,
secondary surface preparation 33

partial mechanical sanding, secondary
surface preparation 33

passive corrosion protection, history 24

peeling, defects from process
engineering 410

personal protection equipment

— noise protection 218

personal rules of conduct, occupational
safety 223-227

phosphorous content, of steel grades 102

pickle, workpiece design defects 408-409

pickle density, correlation with iron and
hydrochloric acid content 75

pickling

— dezincification 80-81

— hydrochloric-acid (see hydrochloric-acid
pickle)

— influence on topography of steel
surfaces 60

— material and surface condition 58-61

— preparation of cast materials 79-80

— primary surface preparation 32

— surface preparation 57-81

— waste/residual materials 212

pickling bath, arrangement of  127-129,
167

pickling degreasing, surface
preparation 39, 49-51

pickling housing, pretreatment
plants  139-140

pickling solutions

— practical measures for environmental
protection 231-232

— waste/residual materials

223, 225

213-214

piece weights, material to be
galvanized 244-245

pimples, defects from process
engineering 411

pipe conveyer, galvanization usage
example 390

pipe corner columns, arrangement of 158

pipe-expansion machine, arrangement
of 173

pipe feeding device, arrangement of 173

pipe galvanizing lines 170-172

—automatic 173

pitting 3

pitting corrosion 3

pivots, small parts galvanization 272

plant engineering, galvanization usage
examples 389-390

plants. see also pretreatment plants; technical
equipment

— automatic batch galvanizing 136-137

— feeding devices 133-136

— frames, crossbeams and auxiliary
devices 130-136

— heat distribution in 140

— linear arrangement 126-127

— mounting area 130

— u-shaped arrangement 126-130

playground equipment, galvanization usage
examples 389

points, defects from process
engineering 411

pollutants, process-related air-borne 196

polycarboxylic acids, degreasing agent 38

polymers, as filter media 204

potential reversion, corrosion in
concrete 336

powder coating materials

— protective paint preparation methods 358

— protective paint systems 364, 366, 369

power rail, arrangement of 167

preservatives, on metal surfaces 30

pressure gage, arrangement of 166

pressure tank room, galvanization usage
example 389

pretreatment, application of vibrators 174

pretreatment plants

— arrangement of 173

— bath cover 142

— container structures 138

— favorable tank covers 142

— heat-exchanger installation 141

— heat supply of 140-141

— pickling housing  139-140

— units  137-139



primary surface preparation, preparation
grades 32

process engineering, defects due
to 409-412

process flow chart, quality
management 298

process-related air-borne pollutants 196

product inspection plan, quality
management 297

product realization, quality
management 295-296

protection periods

— coatings on zinc layers 353

— economiic efficency 372, 374-375

protective paint coatings,
classification 363-364

protective paint layers

— abrasive fleece grinding 361-362

— chemical conversion 362-363

— coating materials  364-369

— high-pressure water jet 360-361

— liquid coating materials 363-364,
368

— powder coating materials 364, 369

— quality requirements  355-356

— steam blasting  360-361

— surface preparation 356-364

— sweep-blasting  359-360

protective paint systems

— basic standards  18-19

— definition 352

pulse controller, arrangement of 166

punching fluids, on metal surfaces 30

q

quality management

— according to DIN EN ISO
9001:2000 292-294

— criteria 292

— documentation requirements 294-295
- elements  294-299

— hot-dip galvanizing companies 291-302
— improvement 296-299

— introduction of QM systems 300

— management responsibilities 295

— manual 292

— measuring analysis  296-299

— product realization 295-296

— resource management 295

- trends  300-301

— withdrawal notice 299

quality requirements, protective paint
layers 355-356

quality test, corrosion resistance 342-343

Index

r

radio mast, galvanization usage
example 393

railing height, arrangement of 157

railway, history of corrosion
protection 22-23

railway station Kassel-Wilhemshohe,
galvanization usage example 385

rain cover, arrangement of 164

rain protection, corrosion 316-320

rainwater, corrosion 327

recycling

— hydrochloric-acid pickles 76-78

— and service life of alkaline cleaners

red lead, history 23

remedies, avoidance of distortion and crack
formation 262-263

repair, zinc coatings  273-276

repair methods, at defective spots  340-342

rescue signs, occupational safety 229

residual paint markings, defects 243

residual welding slag, defects 242

resistance heating, galvanizing
furnaces 149

resource management, quality
management 295

resting potential, galvanized steel 336

restraint systems

— air-pollution control 196-207

— assessment bases 205-207

— design examples and parameters of 205

— discharge of emissions 208-209

— for exhaust air 206

— filter elements  198-203

— filter media  203-205

- filtering separators  196-198

— induced draft fans  207-208

—in surface pretreatment 205

reworking, zinc coatings 273-276

ridges, zinc coatings 273

rim exhausts

— arrangement of 141

— with blow fog valves 193

— collection systems 191-192

rinsewater recirculation 56-57

44-47

rinsing
— calculation of rinsing processes 53-56
— carryover 52-53

— counterflow rinsing cascade 57

— decision criteria for selection of
technologies 47

- of parts  51-57

— two-stage counterflow rinse system 54

— water consumption 57

455
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Index

rinsing bath, arrangement of 127-129, 140,
167

robot-operated centrifugal galvanizing
lines 170

—layout 172

rod electrodes, welding 269

rolling gate, arrangement of 156

rooms, interior corrosion 320-321

rotary drive, arrangement of 158

rough surface, defects 411

rubber profile sealing, arrangement of 156

rust

— extraneous

— white 412

rust grades, uncoated steel substrates 31

rutile cellulose coatings, welding
electrodes 269

282-284, 412

s
safety marking, at workplace 228
sags, formation 411
salts, eflorescence 408
Sandelin effect, silicon in steel
Sandelin steel
- influence of nickel 120
— layer formation 101, 103-106, 108
sanding, secondary surface preparation 33
scales, steel profiles 243-244
Schoop, M. K., invention of spray
method 25
sculptures, galvanization usage
examples 399
seal-weld overlapping areas 253
seawater, corrosion 328-330
Sebisty effect, silicon in steel 99-100
Sebisty steel, layer formation 101, 103-106,
108
secondary surface preparation, preparation
grades 33
sectional steel, small parts
galvanization 272
semiautomatic galvanizing lines, for small
parts 164-165, 167
semifinished bar material, frames
for 134-135
Sendzimir, Th., invention of continuous
strip hot-dip galvanizing 25
separators. see restraint systems
service plan, kettle 150-155
shallow pit corrosion 3
shallow pit formation 3
sheet galvanizing, parameters for 14
sheet metal chassis, batch-galvanized 263
sheet metal construction, distortions 256

99-100

sheet-metal products, history 23
sheet steelware, design and
manufacturing  255-257
sheets
— proper storage 322
— small parts galvanization 272
shells, steel profiles 243-244
sheradizing, parameters for 15
sherardizing, invention of 25
side flap, arrangement of 157
silicon, effect in steel 99-102
silicon content
— infuence on surface pretreatment 61
— of steel grades 102
similar contaminants, zinc
coatings  356-357
single bath galvanizing, parameters for 14
small parts
— automatic galvanizing lines
— definition 271
— fasteners 271-272
— semiautomatic galvanizing lines
small parts galvanization
— chains 273
- hot-dip  270-273
— nails, pivots, discs, hooks
— products 271
— sectional steel, bar steel, sheet 272
smokestack, arrangement of 140, 143-144
soils
— corrosion in  330-334
— free-corrosion behavior in  331-332
solders, at defective spots  341-342
Sorel, Stanislaus, hot-dip galvanizing 22
sparks 284
spattered zinc, galvanizing residue 216
specific conductivity, of hydrochloric acid
ferrous chloride solutions 76-77
splash water zone, corrosion rate in
seawater 329
sport, galvanization usage

169-170

164-165

272

examples 388-389
spray method, invention of 25
spraying

— compared to other coating methods 12,
16

— limitations 17

— parameters for 14

stack heights, determination of 209

standards

— for design and manufacturing 278-282

— DIN EN ISO 1461 278-281

— DIN EN ISO 14713 281

stationary cover, arrangement of  143-144



statutory representative, for environmental
and labor protection 228-230

steam blasting, protective paint 360-361

steam-ejector station, arrangement of 173

steel

— annealed in nitrogen atmosphere 107

— continuous hot-dip galvanizing 91-93

— effect of silicon 99-102

— influence of heat treatment prior to
galvanizing 106-107

— information centers 418

— parameters for corrosion protection
methods 13

— pickling  58-60

— structure of oxide layer 58-60

steel bascule bridge, galvanization usage
example 397

steel composition, as-delivered 30-31

steel construction

— arrangement of 151

— development 23

steel grades, silicon and phosphorous
content 102

steel industry, history 21

steel parts, suspensions 246-247

steel parts galvanizing, information
centers 416-417

steel production, increase 23, 25

steel profile constructions  251-254

— free punches and flow apertures

— materials 251

—overlaps 252

— surface preparation 251-252

steel profile supporting structure,
arrangement of 148

steel profiles, overlaps

steel sheet, design and
manufacturing  255-257

steel structures

— basic standards for corrosion
protection 18-19

— dissimilar layers 284-286

— hot-dip galvanized coatings

steel substrates

— defects on  34-35

—rust grades 31

steel surface, galvanization process 241

steel surface roughness, surface

252-254

243-244

405-406

finish 34-35
steel tubes, inspection of 258
steel wire

— continuous hot-dip galvanizing 91-93
— design and manufacturing 255-257
sticking points, defects 410-411

Index | 457

storage

— corrosion by agricultural products
337-339

— defects due to  412-413

- semifinshed products 259

straightening, welding defects 265

straightening work, damages 287

stray current, corrosion in soils 333

stress-corrosion cracking,
hydrogen-reduced 73-75

stress ranges, seawater corrosion 329

strip galvanizing

— information centers 417

- standards for 282

structural parts, thickness 251

substrate-coating gap 110

suction channel, arrangement of 157

sulfonates, degreasing agent 38

sulfuric acid, essential properties 59

supporting frames, with plugin bolt 135

surface area, in dependence of material
thickness 53

surface conditions, hot-dip
galvanization 279

surface corrosion, uniform 325

surface coverings, workpiece defects 409

surface finish

— defects on steel substrates 3435

— dissimilar contaminants 32-35

— similar contaminants 31-32

surface heating, galvanizing
furnaces 146-148

surface preparation

— classification 363-364

— definition 352

— practically applied 359

— protective paint 356-364

surface preparation grades, for primary
surface preparation 32

surface-preparation technology 29-85

— as-delivered condition 30-35

— basic material 30-31

— biological cleaning 48

— chemical cleaning 37-47, 51

— degreasing 37-40

— hot-dip galvanizing fluxes 81-85

— major methods (overview) 30

— mechanical methods 35-37

— pickle degreasing 49-51

— pickling 57-81

- rinsing of parts 51-57

— steel composition  30-31

— steel surface roughness

— surface finish  31-35

34-35
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Index

surface pretreatment

— DIN EN ISO 12944 275

— volume flows 195

surface quality, small parts 271
surface roughness

— layer removal 243

— of pretreated surfaces of steel samples 61
— surface finish  34-35

surfactants, degreasing agent 38
suspensions

— of steel parts  246-247

— of steel structures 136
sweep-blasting

— definition 352

— protective paint 359-360
sweeping, definition 352
swimming-pool water, corrosion 326
synergetic effect, definition 353

t

TA Luft 186, 211

tar, defects due to 409

“Tauchbrenner” 146

tears, formation 411

technical equipment

— for after-treatment 159

— application of vibrators 172-174

— automatic galvanizing line for small
parts  169-170

— commissioning and decommissioning
of hot-dip galvanizing kettle
176-183

— crane units  160-163

— crossbeam return 160

— drying furnaces 142-145

— energy balance 174-176

— filtration plants 163-164

— galvanizing furnaces 145-155,
165-168

— galvanizing kettle 155

— layout variants of plants

— pipe galvanizing lines

— plants  125-183

— preliminary planning 125-126

— pretreatment plants 137-142

— semiautomatic galvanizing lines

— unloading area 160

— zinc bath housings 155-159

tensile stresses, due to manufacturing
processes  260-261

tension rod system, galvanization usage
example 394

126-137
170-172

164-165

TEP coatings 330

thermal impacts, leading to
defects 286-287

thermal resistance, zinc coatings

thermal spraying

— damaged area repair 259

— defect repair 276

— at defective spots 341

— and other corrosion-protection
processes 12

— parameters for 14

thermal standard values, kettles 176

thermal stresses, due to construction 261

thick zinc coating, defects from process
engineering 410

thickness removal, time dependence 331

thread bolts, zinc coatings 273-274

tin, influence on layer thickness 119

traffic engineering, galvanization usage
examples 385-388

transport

— corrosion by agricultural
products  337-338

— defects due to  412-413

transport container, arrangement of 167

truck building, galvanization usage
examples 387

tube galvanizing

— information centers

— parameters for 14

tubes, external galvanizing 248-249

tubular constructions  247-251

— ventilation possibilities 248

two-stage counterflow rinse system,
technological flow chart 54

313-314

417

u

uncoated steel substrates, rust grades 31
uniform surface attack 3

uniform surface corrosion 3

—in water 325

unprotected fasteners 287

UVPG 186

v
ventilation, definition 190
ventilation equipment
— air-pollution control
— collection systems

188-210
191-196

— discharge of emissions 208-210
— induced draft fans 207-208
— restraint systems  196-207



— ventilation systems 189-191
ventilator, arrangement of 166

venturi nozzle, arrangement of 166
vibrators

— arrangement of 173

— recommendations for 172-174
vibratory conveyor, arrangement of 172
volume flows, surface pretreatment 195

w

waste/residual materials

— environmental protection 211-216

—oily 213

waste water treatment, practical measures
for environmental protection 233

wastewater, corrosion 327-328

wastewater treatment plants 328

water

— alkaline surface cleaners 41-42

— basic principles of corrosion 305-309

— corrosion  324-330

water bath, arrangement of 127-129,
140, 167, 171

water consumption, of several rinsing
processes 57

water evaporation, in dependence of
working temperature 56

water hardness levels 42

water jets, protective paint 360-361

water-polluting liquids containers,
galvanization usage examples 396

water separator, arrangement of 166

weathering, protective painting after 363

welding

— after hot-dip galvanizing 268-270

— defect sources 265-266

— electrodes 269

— before hot-dip galvanizing 265-270

— practice of 266-270

welding defects 285-286

— straightening 265

welding seams, silicon content 267

welding slag

— defects due to 409

— layer removal  241-242

welding sprays 242

welding tools, layer removal 241-242

wet galvanizing

— history 22

— layer-formation technology 94-97

wet separators, design examples and
parameters of 205

Index

white lead, history 22-23

white rust

— blistering 351

— defects due to 412

— formation 321-323

— semifinshed products 259

white steel, practical measures for
environmental protection 232

wire galvanizing

— information centers 417

— parameters for 14

wires, steel 255-257

withdrawal notice, quality
management 299

working area measurements, environmental
protection 210-211

workpiece defects

— cracks 284

— defect occurrence  403-439

— hot-dip galvanizing 406-440

— major defects 406-439

— surface coverings 409

workpiece design defects

— accumulations  406—407

— boreholes 407

— castings 408

406-409

—flash 407
— flux residues  408-409
— hollow bodies 407-408

— pickle 408-409

workplace, safety marking 228

workrooms and working areas, occupational
safety 221

Y
yield strength, steel 261

z

Zille, Heinrich, caricatures around hot-dip
galvanizing 26-27

zinc

— ceramic baths for

— history 21-22, 25

— information centers 418

— parameters for corrosion protection
methods 13

zinc adherence, local avoidance 277-278

zinc/aluminum, ceramic baths for 145-146

zinc ash formation, development of 85

zinc ash stripper, arrangement of 172

zinc ashes

— galvanizing residue 215

145-146

459
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Index

— practical measures for environmental
protection 232

zinc bath housings
housings

— arrangement of 127-129, 167

— at a ceramic galvanizing furnace 168

— crane-displaceable 157-158

— longitudinal 158-159

— transverse  157-159

zinc baths

— application of vibrators 174

— arrangement of 168

— practical measures for environmental
protection 231

zinc build-up, design defects

155-156. see also

406-407

zinc coating repair, DIN EN ISO 1461 280

zinc coatings. see also zinc melts

— absorbed molecular hydrogen 99-100

— adhesiveness 405

— athmospheric corrosion 314

— chipped-off 260-261

— coating properties 404

— contaminations  356-357

— corrosion behavior 303-348

— crystalline structure for low-phosphorus
construction steels 114

— damages 274

— defect occurrence  403-439

— defects from process engineering 410

— design requirements 403404
— imperfections 274

— major defects 406-439

— peeling 286

— phases 99

— quality requirements  355-356
— repair requirements  404-405
— requirements for 403-405

— reworking and repair 273-276
— structural analyses 108-114

— surface preparation 356-364

— thermal resistance 313-314

— thermodynamic stability 310-311

— workpiece properties 404

zinc corrosion, oxidation reaction 305

zinc electroplating, and other corrosion-
protection processes 12

“Zinc Elephant” 169

zinc flaking, zinc coating quality
requirements 355

zinc ingots, introduction into kettle 175

zinc-kettle housing 194

zinc layers, coatings on  349-370

zinc melts  273. see also zinc coatings

— influence of alloying 117-120

— influence of lead 119

— influence of nickel and tin  119-120

- standards for 279

zinc oxide vapors 268

zinc paints, history 23

zinc powder coating

— compared to other coating methods 16

— limitations 17

— and other corrosion-protection
processes 12

— parameters for 15

zinc removal

— atmospheric corrosion 317

— sweep blasting 359

—wires 318

zinc spraying

— at defective spots 341

— and other corrosion-protection
processes 12

- standards for 282

ZnCl2/NaCl/KCl, hot-dip galvanizing
fluxes 84

ZnCl2/NH4C], hot-dip galvanizing
fluxes 81-84



