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Industrial Industrial EnamelEnamel

ClassificationClassification of Industrial of Industrial EnamelEnamel: : 
„…„… enamellingenamelling usedused in in processesprocesses in in whichwhich
physicalphysical and and chemicalchemical stress stress areare in a in a mainmain
considerationconsideration…“…“

Basic Basic featuresfeatures of of industrialindustrial enamelenamel

EnamelEnamel optimizedoptimized designdesign and different and different 
illustrative illustrative examplesexamples basedbased on on industrialindustrial
enamellingenamelling

ApplicationsApplications asideaside fromfrom thethe generalgeneral knownknown
onesones in plant in plant constructionconstruction of of chemicalchemical
industryindustry, , examplesexamples

ELC2 ELC2 –– firstfirst stepssteps, , openopen questionsquestions



33

EnamelEnamel

VitreousVitreous material, material, generatedgenerated in in 
meltingmelting processprocess, , contentscontents a a 
numbernumber of of anorganicanorganic and  and  
oxidicoxidic--silicaticsilicatic fractionsfractions
MeltingMelting on metalon metal-- oror
glassubstrateglassubstrate, , chemicalchemical and and 
micromechanicalmicromechanical connectionconnection
betweenbetween thethe layerlayer and and metallmetall
surfacesurface
Universal Universal dissolverdissolver forfor
anorganicanorganic, metallic , metallic oxidesoxides
CountlessCountless possibilitiespossibilities of of variatyvariaty
GenerallyGenerally freefree fromfrom anyany organicorganic
material material 
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AppearanceAppearance propertiesproperties

Color Color permanencepermanence
–– StableStable in in presencepresence of of rainrain, , snowsnow, , dustdust, , heatheat, , sunlightsunlight, , 

oxidizingoxidizing agentsagents and and corrosivecorrosive fumesfumes
–– UnaffectedUnaffected byby ultravioletultraviolet and and infraredinfrared radiationradiation

GlossGloss
–– SpecularSpecular reflectancereflectance in a in a spanspan of 50 up to 60 of 50 up to 60 °°
–– ExtremelyExtremely in a in a rangerange of 10 to 85 of 10 to 85 °°

Light Light reflectancereflectance
–– White White enamelsenamels havehave a a reflectancereflectance of ca. 75% to 80%of ca. 75% to 80%

DataData Bulletin PEI 505Bulletin PEI 505
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ElectricalElectrical propertiesproperties

DielectricDielectric strenghtstrenght
–– Range Range fromfrom 200 to 500 V/200 to 500 V/milmil (total (total thicknessthickness 4 4 –– 6 6 milsmils))
–– 16 16 –– 20 kV/mm (20 kV/mm (BiscardiBiscardi et al., J. et al., J. VacVac. . SciSci. . TechTech. A, 2000). A, 2000)
–– IncreasingIncreasing withwith densedense, , decreasingdecreasing withwith bubblebubble structurestructure

DielectricDielectric constantconstant
–– 6 to 12, 6 to 12, sharpsharp increaseincrease in in thethe temperaturetemperature rangerange 120 to 150 120 to 150 °°CC

VolumeVolume resistivityresistivity (at 400 (at 400 cyclcycl/s)/s)
–– 10101313 to 10to 101616 ΩΩ/cm at /cm at rtrt
–– functionfunction of of temperaturetemperature

Dissipation Dissipation factorfactor (at 400 (at 400 cyclcycl/s)/s)
–– 1 to 2 %, 1 to 2 %, increaseincrease aboveabove 93 93 °°CC
–– DecreaseDecrease withwith increasesincreases frequencyfrequency

DataData Bulletin PEI 505Bulletin PEI 505
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High High temperaturetemperature
properitesproperites

ResistanceResistance to to oxidationoxidation and and corrosioncorrosion
–– BarrierBarrier to to diffusiondiffusion of of oxygenoxygen
–– ProtectiveProtective abilityability dependsdepends on on temperaturetemperature at at whichwhich itit

startsstarts to soften (ca. 200 to soften (ca. 200 °°C C belowbelow firingfiring temptemp.).)

Thermal Thermal stabilitystability
–– FiringFiring--temptemp. . steelsteel enamellingenamelling: 750 : 750 –– 950 950 °°C, thermal C, thermal 

stabilitystability rangesranges 450 450 –– 650 650 °°CC

Thermal Thermal shockshock resistanceresistance
–– TypicalTypical steelsteel enamellingenamelling overover 200 200 °°CC

DataData Bulletin PEI 505Bulletin PEI 505
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TypicalTypical fritfrit
steelsteel –– castcast ironiron

5 5 –– 15%15%15 15 –– 30%30%TiTi--, , ZnOZnO

4 4 –– 5%5%3 3 –– 5%5%AlAl22OO33

3 3 –– 5%5%2 2 –– 6%6%Oxides Oxides earthearth alkalialkali

20%20%12 12 –– 20%20%AlkaliAlkali--OxidesOxides

3 3 –– 5%5%12 12 –– 20%20%BB22OO33

65 65 –– 70%70%30 30 –– 40%40%SiOSiO22

SteelSteelCastCast ironiron
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General General propertiesproperties

High High resistanceresistance againstagainst corrosioncorrosion
attackattack, , moremore especiallyespecially in in thethe casecase of of 
acidacid media media eveneven at at higherhigher processprocess
temperaturestemperatures

StableStable to to diffusiondiffusion

BiologicalBiological and and catalyticcatalytic inertinert behaviourbehaviour

SmoothSmooth, , glazedglazed surfacesurface

QualifiedQualified forfor vacuumvacuum applicationapplication ((outout--
gassinggassing rate rate ≈≈1010--12 12 mbarmbar 1/s cm1/s cm22))

High High mechanicalmechanical stiffnessstiffness

Flame Flame resistantresistant

PhysiologicalPhysiological harmlessharmless

Dure, Dure, pressurepressure and and abrasionabrasion stablestable
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Kosten

Leistungsprofil (p, T, Resist, D, Prüf …..)

EMAIL800

EMAIL250
- drucklos -

PTFE-Aus-
kleidung

EMAIL350

Nickelbasis-
legierungen

CrNi-Edelstähle

Tantal

WerkstoffklassenWerkstoffklassen

Darstellung nicht maßstäblich
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SurfaceSurface preparationpreparation
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ManufacturingManufacturing

DippingDipping, , pouringpouring, , sprayingspraying
DryingDrying (100 (100 °°C)C)
FiringFiring (850 (850 °°C)C)
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SolubilizeSolubilize of of oxidesoxides locatedlocated closeclose
to to thethe preparedprepared surfacesurface
Diffusion Diffusion processprocess fromfrom thethe basisbasis
material material towardstowards thethe enamelenamel
regionregion
IncreasingIncreasing roughnessroughness causescauses
enlargementenlargement of of thethe specificspecific
surfacesurface
Creation of Creation of conncetionconncetion pointspoints
and and undercutsundercuts ((dovedove tailstails))
IntermolecularIntermolecular bondingbonding basedbased
on Valenzon Valenz-- and and VanVan--derder--WaalsWaals
bondingbonding
Metallic Metallic bondingbonding in in thethe ironiron--
siliciumsilicium--oxygenoxygen systemsystem

SurfaceSurface mechanismmechanism
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TensileTensile and and bendingbending
stressstress
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MechanicalMechanical behaviourbehaviour
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MechanicalMechanical behaviourbehaviour

emaillierte Rohrprobe T = 200 °C
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Bending stressBending stress

ThreeThree point point bendingbending of of 
a a flangeflange connectionconnection
DN 50DN 50

FailureFailure mode mode locallocal
plasticityplasticity of of thethe flangeflange
in in thethe areaarea of of 
maximummaximum tensiletensile and and 
pressurepressure stressstress

FailureFailure also in also in thethe areaarea
of of loadload transmissiontransmission byby
locallocal plasticplastic strainstrain
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Fields of Fields of applicationapplication

ChemicalChemical industryindustry, plant , plant constructionconstruction

PharmaceuticalPharmaceutical and food and food industryindustry

EnergyEnergy-- and and environmentalenvironmental engineeringengineering

SpecificSpecific technicaltechnical solutionssolutions
((soldertechnologysoldertechnology, , generalgeneral engineering, engineering, 
……))

Distribution of Distribution of potablepotable waterwater and gas and gas 
supplysupply

Boiler Boiler constructionconstruction

AgricultureAgriculture, , containercontainer constructionconstruction forfor
liquid liquid manuremanure storagestorage

SanitarySanitary

White White goodsgoods, , refrigeratorsrefrigerators, , dishdish washerwasher

BuildingBuilding frontsfronts, , facadesfacades, , markermarker, , panelspanels
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Different Different tubesystemstubesystems
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ChemicalChemical industryindustry
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Plant engineeringPlant engineering

80 80 µµm/am/a40 40 µµm/am/aCorrosionCorrosion rate, DIN rate, DIN 
27432743

600 600 µµmm
up to 1 mmup to 1 mm

800 800 µµmm
up to  2 mmup to  2 mm

EnamelEnamel coatcoat
thicknessthickness

170 170 °°CC250 250 °°CCMax. Max. workingworking
temperaturetemperature

Email350Email350Email800 Email800 
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ExhaustExhaust air, air, 
sewagesewage watersystemswatersystems

TubesTubes,  ,  
2 2 oror 3 mm 3 mm 
wallthicknesswallthickness

PressurePressure--tighttight up to 3 up to 3 
barbar

EnamelEnamel coatcoat
thicknessthickness of of aboutabout
0,5 mm0,5 mm

AcidAcid--proofproof

Free of Free of porespores, , 
checkedchecked 5KV5KV

ApplicableApplicable up to up to 
230230°°C, C, unpressurizedunpressurized
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Modular Modular 
constructionconstruction
systemsystem

AdaptedAdapted enamelenamel
specificspecific gasketgasket
basedbased on PTFEon PTFE

Different Different flangeflange
modulimoduli

ExhaustExhaust air, air, 
sewagesewage watersystemswatersystems
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BottomBottom outletoutlet valvevalve

Enamel-adapted design
• Gasket (interface container)
• Bellows (interface handling)
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ValveValve seatseat

CompensationCompensation of of enamelenamel--typicaltypical
tolerancestolerances at at thethe containercontainer outletoutlet
((cylindricalcylindrical, DN 80, 100, 150) , DN 80, 100, 150) byby a a 
separatedseparated gasketgasket elementelement
connectedconnected withwith variable variable OO--ringring
diameterdiameter

Radial Radial spreadspread of of thethe outerouter
sealingsealing causedcaused byby thethe
assemblingassembling of of thethe conicalconical
sealingsealing bodybody
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Assembling Assembling stepssteps
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BellowBellow designdesign

intensionintension: : reducesreduces
deaddead storagestorage
volumevolume

OO--ringring sealingsealing
possiblepossible byby circularcircular
grindinggrinding of of thethe
enamelenamel surfacesurface



2828

PotablePotable waterwater distributiondistribution

Absperrschieber, Absperrschieber, 
FormstFormstüückecke
Traditionell innen Traditionell innen 
emailliertemailliert
Neuentwicklung Neuentwicklung 
KomplettKomplett--Emaillierung Emaillierung 
Anpassung Emailresistenz Anpassung Emailresistenz 
gegen aggressive Bodengegen aggressive Boden--
qualitqualitäätenten
Vermeidung von Vermeidung von 
Schnittstellenfehlern aus Schnittstellenfehlern aus 
unterschiedlichen unterschiedlichen 
BeschichtungssystemenBeschichtungssystemen
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SolderSolder technologytechnology

ImpellerImpeller pumppump

SnAgCuSnAgCu--soldersolder, , legallylegally
obligatedobligated leadlead--freefree
European European CommunityCommunity
1.7.20061.7.2006

SolderSolder--temperaturetemperature up up 
to 280to 280°°CC

HotspotsHotspots cause cause recentrecent
higherhigher locallocal
temperaturestemperatures

CombinedCombined flowflow abrasionabrasion
dependsdepends on pump on pump 
speedspeed of 500/minof 500/min
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SolderSolder technologytechnology
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CounterpartCounterpart of an axial of an axial 
slideslide sealseal ringring

Prototype Prototype 

Food technologyFood technology

30 x 120 mm30 x 120 mm

EnamellingEnamelling frontal frontal areaarea

ManufactoringManufactoring stepssteps::
-- mechanicalmechanical treatmenttreatment,,
-- enamellingenamelling,,
-- fine fine grindinggrinding
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ElectricalElectrical InsulationInsulation

Liquid Liquid levellevel sensorsensor, , 
requirementsrequirements on on insulationinsulation
and and otherother electrophysicalelectrophysical
featuresfeatures
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EnamellingEnamelling of of nickelnickel
basedbased alloysalloys

High acid resistant
enamelled
component of a ball 
valve, HHC 22
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Sterile Sterile unionunion in in enamelledenamelled
qualityquality

Flange connection
system for
pharmaceutical
production plants

Basic material high-
grade stainless steel, 
inside enalmelled
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Different Different componentscomponents
enamelledenamelled
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Prototype Prototype enamelenamel coatedcoated
steelsteel pipepipe
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Prototype Prototype enamelenamel coatedcoated
steelsteel pipepipe
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ApplicationApplication of different of different typestypes of of 
conductingconducting pastepaste HeraeusHeraeus
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ApplicationApplication of Different of Different typestypes of of 
conductingconducting pastepaste HeraeusHeraeus
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ApplicationApplication of Different of Different typestypes of of 
conductingconducting pastepaste HeraeusHeraeus
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Definition of Definition of 
requirementsrequirements

GeometryGeometry
–– thicknessthickness, , widenesswideness

SurfaceSurface
–– SmoothnessSmoothness, , 
–– cleanlinesscleanliness of of thethe enamelenamel--

freefree areaarea

ElectricalElectrical featuresfeatures
VacuumVacuum featuresfeatures
ConnectionConnection, , flangesflanges
ProductionProduction
……..
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Industrial Industrial EnamelEnamel
FoundationsFoundations, , productionproduction, , applicationsapplications and and 

CERNCERN--teststests

ClassificationClassification of Industrial of Industrial EnamelEnamel

Basic Basic featuresfeatures of of industrialindustrial enamelenamel

EnamelEnamel optimizedoptimized designdesign and and 
different illustrative different illustrative examplesexamples basedbased
on on industrialindustrial enamellingenamelling

ApplicationsApplications asideaside fromfrom thethe generalgeneral
knownknown onesones in plant in plant constructionconstruction of of 
chemicalchemical industryindustry, , examplesexamples

ELC2 ELC2 –– firstfirst stepssteps, , requirementsrequirements


