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TNO kennis voor oppervlaktetechnologie

Goede hechting, wat is dat?

Vraagstukken 
• Hechting wordt gemeten door kapot maken, wat betekent dat?
• Is chemische hechting voldoende?

Conclusies
• Een goede hechting wordt bereikt door:

• Adhesie: (chemische) bindingen aan de grensvlakken 
• Cohesie; (chemische) bindingen in de lagen
• Energieopname in de stapeling; mechanische mogelijkheden (vervormen, 
absorberen, opnemen van Energie)

• Optimaliseren van hechting (praktische hechting) neemt alle aspecten mee, en 
niet alleen de hechting aan de grensvlakken (thermodynamische hechting).

Surface theater, donderdag 14 september 14.00 
Goede hechting, wat is dat?, C. Schrauwen
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Goede hechting, wat betekent dat?

• Studie van hechting en grensvlakken vanaf 1983.

• Meest metaal – kunststof en PVD

• 1983 – 1993 PVD video band 

• 1993 – 2000 decoratieve coatings op plastic

• 2001 – 2007 IOP OT Hechting van metaal op kunststof, een 

modelstudie (TNO en TU/e, IOT01008)

• 2007 – 2009 verschillende M2i KA en KT projecten
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Hechting

• Wordt bepaald door de stapeling kapot te maken

• Goede Hechting: 

• Een betere belatsbaarheid; 

• Uitstellen van het moment dat de stapeling bezwijkt

Substraat

coating Adhesie

Cohesie

Gemengd
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Hechtingsmetingen
Ablation

Abrasion

Acceleration

Acceleration- Deceleration

Acoustic emission

Acoustic microscopy

Adherometer

Adherometer- Integrometer

Adhesive tape

Angular scribe- stripping

Applied moment

ARCO micro-knife

ASTM tensile adhesion method

Automatic scrape 

Balanced-beam scrape

Bathroom

Bell tester

Bend

Bend (180°)
Bend (180°) + tape
Bending (3-point and 4-point)

Bend peel-test

Bend test (ASTM 571-72)

Black lead pencil

Blade

Blade cutting adhesion tester

Blister (constrained, island)

Blister peel

Boiling water

Bolt tensile

Both sides pull

Brenner nodule test

Brown and Grannish crosshatch

Bubble

Buckling

Buffing

Bullet

Burgess method

Burnishing 

ance measurement

Capacity test

Cathodic treatment

Centrifugal hammer

Chisel

Chisel-knife

Cleavage

Coin scratch

Compact tension

Compression

Conical head tension

Conical mandrel

Conical mandrel + tape

Constant strain (in-situ SEM)

Constrained blister

Continuous indentation

Creep

Crosscut

Crosscut tape test (ASTM D 3359-78)

Crosshatch

Crosshatch, impact + tape

Crosshatch + tape

Crosshatch without tape

Crowfoot knife test

Cunningham wood cross adhesion test

Cupping

Cupping and indentation

Cutting 

Damping

Deep draw

Deformation

Delamination

Diamond indentation draw (DID)

Diamond scratch

Die bond pull

Dielectrometry

Direct pull

Disc-on-disc (DOD)

Dishwasher

Distensibility

Dome

Dot

Double cantilever adhesion test

Double cantilever beam

Double torsion

Draw

Driven blade tester

DuPont Sharp Tool

Dynamic

Dynamic response (based on)

Edge delamination

Elcometer adhesion tester

Electrochemical

Electromagnetic tensile

Electron beam (pulsed)

Electron spin resonance

Elongation

Erosion

Exposure + tape 

File

Fingernail

Flat-wise tension test

Flexure

Flexure spallation test

Flexure strain

Floating image

Fluorescence

Flyer plate

Ford motor Co. crosshatch tape test

Four-point bending test

Fracture energy

Fracture mechanics test

Freeze-thaw cycle

Friction (internal) 

Gardner- van Heuckeroth adhesion test

General electric plug method

Graham- Linton edge test

Gravel meter

Grind-saw

Grind wheel

Groove 

Hammering

Hardness

Heating and quenching

Hesiometer

Hoffman scratch test

Hot water

Hounsfeld tensiometer

Hydraulic adhesiometer

Hydrodynamic

Hydrophilic balance 

I-beam

Ice pick

ICI bullet

ICI gun

Impact

Impact deceleration

Impact + tape

Impulse

Inboard wire peel

Indentation

Indentation- debonding

Inertia

Inflated membrane

In-situ SEM constant strain method

Interchemical adherometer

Internal friction

Internal stress of Ni film

Interrupted bend test

Inverse Ollard method

Inverse peel

Inverted blister

Ion-migration

Island blister 

Jacquet method 

Knife

Konig knife-wedge

Koole chisel

Lamb waves (use of)

Lap shear

Laser ablation

Laser acoustic test

Laser beam holography

Laser spallation

Liquid jet

Liquid wedge

LSRH-revetest

Mandrel

Mechanical resonance method

MEEM

Membrane (inflated)

Meredith and Guminski chisel

Mesle ‘can opener’

Metal stamping

Micro-indentation

Micro-scratch

Microtribometer

Micro-wedge scratch

Modified Ollard

Modified pull test

Moment

Nail head

Nail head lead tension test

Nano-indentation

Napkin ring

New Jersey Zinc Co. test

New York Club chisel

New York Club tensile method

NMP (N-methyl pyrrolidone)

Nodule

Normalized sticking tape

Notch

Nucleation

OEMS

Ollard method

Ollard (modified) method

Olson ball + tape

Orange peel meter

Outboard wire peel

Parallel gap welding

Parallel scratch

Parking lot

Particle (solid) erosion

Pascoe torque

Pass test

Peel test

Peel test with spatula

Penknife

Pencil

Pencil hardness

Pendulum

Pendulum scratching

Photoacoustic pulse

Photothermal radiometry

Pin-pull

Ploughing

Plug pull

Pneumatic adhesion tester

Pocketknife

Pocket scrape

Portable pull tester

Pre-cut scrape

Pressure cooker

Pressure sensitive tape

Princeton adhesion and scratch tester

Pulling down

Pull-off (Schmidt, Hoffman)

Pulsed electron beam

Pulsed laser beam

Push-in

Push-out 

Q-meter

Q-tip

Quad Sebastian tester

Raman Frequency shift

Raman scratch

Razor blade

Resonator damping

Resonance measurement

Reverse impact

Reverse impact +tape

Revetest (LSRH)

RFL (British motor driven)

Ribbon lead shear test

Ribbon peel test

Ring shear

Rivet

Rod and ring

Rolling with slip

Rondeau scratch tester

Rossman chisel

Rub

Russian method 

Salt bath

Sand erosion

Sandwich pull-off

Saw

Scalpel

Scanning acoustic microscopy

Sclerometric

Score + salt spray

Scotch® tape

Scrape + solvent wash

Scraping

Scratch test

Scratch master

Scribe

Scribe-grid

Sebastian tester

Self-delamination tester

Separation method

Shear test

Shear stress deformation

Shockwave

Simple cut + tape

Single cantilever adhesion test

Single edge notched test

Single pass pendulum scratching

Soldered-wire tension peel

Solvent

Spall

Spiral gut

Springscale pull-off test

Squashing

Squeezing in compression

Stiffness

Stoneley waves (use of)

Strain, constant (in-situ SEM)

Stretch deformation

Stretching

Stud pull test

Stylometer

Stylus

Surface acoustic wave sensor

Surface and interfacial cutting method

Swab

Sward adhesion tester 

Taber scratch-shear

Tape

T-bend + tape

TC peel

Tear test

Tensile test

Tensile extension

Tensile shear

Thermal

Thermal cycling

Thermal gradient adhesion meter

Thermocompression bended peel

Thermoflectance

Three-point bending

Three-point flexure

Threshold adhesion failure

Thumbnail

Tipple

Tooke inspection gage

Topple

Torque wrench

Torsion balance

Torsion Elcometer adhesion tester

Transient Joule heating

Twisting

Twisting Cork

Twisting-off 

Ultracentrifugal

Ultrasonic pulse echo

Ultrasonic resonance

Ultrasonic surface wave

Ultrasonic vibration

Ultrasound (use of)

Undercutting

Uniaxial compression

Uniaxial tension 

Van Laar scratch test

Vibratory

Voltage-cyclic technique

VTT scratch test

V (z) curve method 

Water (boiling)

Wedge bend

Wedge bend + tape

Wedge insertion

Weight fall

Westinghouse scratch meter

Weyerhaeuser paint adhesion tester

Whirling ball

Window adhesion test

Wire bend

Wire peel

Wolf adhesion chisel test

Wrapping 

X-cut tape test (ASTM D 3359-78)

X-ray diffraction 

Peeltest
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Support 

Substrate 

 Load cell 

Film 

 Rail 

  45°

Hechtingsmeting met de 90o peel test
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TU/e ontwikkeling (Olavio Dos Santos Ferreira, Srdjan Kisin)

•Groot parameterbereik (4 ordes getest)

•Hoge Nauwkeurigheid (rond 1%)

•Meten en modelleren energietermen tot op 

scheidingsenergie
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Wat betekent chemische hechting? 

Schatting van nikkel op zuurstof(ionen)

Chemische hecting

Simpele schatting 

(Glas)ruit van 1 bij 1 meter, 

Zuurstofionen aan de oppervlakte?

• op 1 m2: 0,2 . 1020 atomen = 0,03 mmol

• Diameter O2+ : 0,12 nm
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Schatting Bindingsenergie

0,6 – 0,920 - 30H ---- O

(Wasserstofbrug)

24798,7Si-O

12391,6Ni-O

7261,9Ni-Ni

13428H-O

Voor een vlak,

J/m2

Bindingssterkte

kJ/mol

Binding 
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Nikkel op Glas, Spinel (MgAl2O4)

Dos Santos Ferreira, 2007

4.0 ± 0.12,2 ± 0.12.38 ± 0.03Scheidingsenergie -
work of adhesion (J/m2)

4.3 ± 0.12,2 ± 0.12.43 ± 0.03Totale Energie(J/m2)

Spinel (111)Spinel (100)GlasSysteem

Vergelijk:

Ni-O 12 J/m2

O--H-- 0,75 J/m2

Mechanische 

Energie 1 – 8%
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Hechting metaallagen op ABS

10 µm strengthening copper galvanic layer

0.15 µm Cu-PVD protective layer

2 mm Substrate

ABS

0.05 µm PVD adhesion layer 

(Cu, Cr, Ti or Al)

10 µm strengthening copper galvanic layer

0.15 µm Cu-PVD protective layer

2 mm Substrate

ABS

0.05 µm PVD adhesion layer 

(Cu, Cr, Ti or Al)
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Totale Energie � Scheidingsenergie

Mechanische Energie 70 – 80%
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Ruwheid ABS na het afpellen
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Hechting tussen chroom en kunststoffen

10 µm strengthening copper galvanic layer

0.15 µm Cu-PVD protective layer

2 mm Substrate

ABS, PP, PET, PET-G, PC

0.05 µm PVD adhesion layer 

(Cr)

10 µm strengthening copper galvanic layer

0.15 µm Cu-PVD protective layer

2 mm Substrate

ABS, PP, PET, PET-G, PC

0.05 µm PVD adhesion layer 

(Cr)
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Conclusie

• Bij het bereiken van een goede (praktische) hechting is het 

daarom van belang te denken in:

• voldoende chemische samenhang materialen (cohesie)

• voldoende chemische samenhang grensvlakken (adhesie)

• maar bovenal een zo groot mogelijke mechanische 

energieopname in coating en ondergrond 

• Hechtingsverbetering (praktische hechting) neemt alle aspecten 

mee, niet slechts de hechting aan grensvlakken 

(thermodynamische hechting).
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Hartelijk dank

• Voor uw aandacht.

• Voor de financiële ondersteuning: 

• Promotie Dos Santos Ferreira: STW (GTF 4901), 

• Hechting Metaal op kunststof: IOP (IOT01008), TNO, M2i 

(MA07052, MT09113)

• TNO stand op Surface 2010 : 712

• Veel succes met het bereiken van een goede hechting en tot 

ziens!


