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Latent catalyst
Delayed catalyst
Stabilized

Controlled cure speed
Improved flow leveling

Before ApplicationBefore Application

Why Delay

After ApplicationAfter Application

Improved Pot life
Improved Stability
Lower Losses
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CROSSLINKERCROSSLINKER CatalystCatalyst
MELAMINEMELAMINE AcidAcid
ISOCYANATEISOCYANATE Base, MetalBase, Metal
EPOXYEPOXY Base, Acid (cationic)Base, Acid (cationic)
SILOXANESILOXANE Base, Acid, MetalBase, Acid, Metal
UNSATURATIONUNSATURATION Free RadicalFree Radical
MICHAEL ADDITIONMICHAEL ADDITION BaseBase

Crosslinking MechanismCrosslinking Mechanism
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ApplicationsApplications

Aerospace 2K Aerospace 2K 
Automotive Topcoats, Automotive Topcoats, 

OEM (Amino), Refinishing 2KOEM (Amino), Refinishing 2K
Coil Coating Amino ResinCoil Coating Amino Resin
Maintenance Epoxy-amine Maintenance Epoxy-amine 
Powder CoatingPowder Coating
Waterborne 2KWaterborne 2K
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ACTIVATION OF CATALYSTACTIVATION OF CATALYST

POTLIFEPOTLIFE
STABILITYSTABILITY

X-LINKINGX-LINKING
REACTIONREACTION

TRIGGERTRIGGER

EQUILIBRIUM EQUILIBRIUM 
MIXINGMIXING
HEATHEAT

MOISTUREMOISTURE
OXIDATION OXIDATION 

RADIATION UVRADIATION UV

wblank@wernerblank.comwblank@wernerblank.com



  

Catalyst DelayCatalyst Delay

Blocking CatalystsBlocking Catalysts

In-situ Catalyst FormationIn-situ Catalyst Formation

Physical-MechanicalPhysical-Mechanical
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Photoinduced Catalyst: PrincipalsPhotoinduced Catalyst: Principals

Blocking CatalystsBlocking Catalysts
Photoactive blockerPhotoactive blocker

SulfoniumSulfonium
Iodonium Iodonium 

In-situ Catalyst FormationIn-situ Catalyst Formation
Acid catalystAcid catalyst
Base catalystBase catalyst
Free radicalFree radical

No Arrhenius rate control No Arrhenius rate control 
Thermally stable catalyst Thermally stable catalyst 
Photocleavage: very fastPhotocleavage: very fast 
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Catalyst DelayCatalyst Delay
Blocking CatalystsBlocking Catalysts

EvaporationEvaporation
Reaction Reaction 
Thermal decompositionThermal decomposition

In-situ Catalyst FormationIn-situ Catalyst Formation
Thermal decomposition of precursorThermal decomposition of precursor
Hydrolysis Hydrolysis 
Reaction Oxide-saltReaction Oxide-salt

ThermalThermal
ReactionReaction

OxidationOxidation
RearrangementRearrangement
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Catalyst DelayCatalyst Delay

Blocking CatalystsBlocking Catalysts
Acid-Acid-BaseBase  
Base-Base-AcidAcid  
Metal Metal ChelateChelate  
Metal (Metal (Acid-saltAcid-salt) ) 
Superacid-Superacid-QuaternaryQuaternary  Amine Amine 
Superacid-Superacid-Iodonium, Sulfonium Iodonium, Sulfonium ((PhotoPhoto))
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Curing of epoxides, oxetane & vinyl ethers in coating
  and ink applications

R1 , R2 = H, R1 C6H4-S-, 
R2 C6H4-S-, R3 C6H4-S-

PF6
-

Onium Salt Photoinitiators: Latent Superacids
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In-situ Catalyst FormationIn-situ Catalyst Formation

Sulfonic acid ester Sulfonic acid ester 
Thermal, Hydrolysis, PhotoThermal, Hydrolysis, Photo

AminesAmines
ThermalThermal
Photo GenerationPhoto Generation

Metal catalysts Metal catalysts 
HydrolysisHydrolysis
Oxides reactionOxides reaction
ThermalThermal
OxidationOxidation
RearrangementRearrangement

Catalyst DelayCatalyst Delay
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In-situ Catalyst Formation: Sulfonic Acid EsterIn-situ Catalyst Formation: Sulfonic Acid Ester
Thermal - Hydrolysis
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R1 = Alkyl, ß-hydroxyalkyl R3 = Phenyl
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Photoresist TechnologyPhotoresist Technology
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DevelopingDeveloping EtchingEtching
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Reaction Reaction 
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In-situ Metal Catalyst FormationIn-situ Metal Catalyst Formation
ReactionReaction
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B. Jousseaume, N. Noiret, M. Pereyre and A. Saux, Organometallics, 13, 1034-1038  (1994).

B. Jousseaume, N. Noiret, M. Pereyre, M. Franc and M. Petraud, Organometallics, 11, 3910 (1992).
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In-situ Base Catalyst FormationIn-situ Base Catalyst Formation
ReactionReaction
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Base Catalyzed Epoxy Reactions Base Catalyzed Epoxy Reactions 
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Many bases can catalyze Many bases can catalyze 
the reaction of an epoxy group the reaction of an epoxy group 
with a functional groupwith a functional group

Reaction rate depends on the Reaction rate depends on the 
structure of the epoxy, thestructure of the epoxy, the
reactant and the amine catalyst.reactant and the amine catalyst.

pKa value does not determine pKa value does not determine 
reaction rate.reaction rate.



  Room Temperature Curing 

Thiol/Epoxy System: PL-DBN catalysis

O
O

O

OS
O

O

S

O S
O

R1

HO

R1

OH

HO
R1 OH

OH

R1

HO

HO R1

HO

O

O

O

O

S

O

O S

O

O

S

O

O
O O

S
O

O

SO

O

S

O

S

O

N

N

wblank@wernerblank.comwblank@wernerblank.com



  

0

60

120

180

240

300

360

No Cat DBN 0.5 % DBN 0.2 % PLA-1 1.9% +
BP 1.9 % 

PLA-2 1.9% +
BP 1.9 % 

Without UV

With UV

>1
2 

hr
s.

 

Thiol/Epoxy System: Reactivity
 Coating applied onto glass plate at 70 Coating applied onto glass plate at 70 µµm thicknessm thickness

  Byk recorder (12hrs. cycle) after UV exposure (5 m/min. under 2 Hg lamps 100W/cm)Byk recorder (12hrs. cycle) after UV exposure (5 m/min. under 2 Hg lamps 100W/cm)
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Base Catalyzed Michael Addition ReactionsBase Catalyzed Michael Addition Reactions

R' = CHR' = CH3            3             pKa 10.7 pKa 10.7
              -O-R”        pKa  13.0-O-R”        pKa  13.0
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Base Catalyzed Isocyanate ReactionsBase Catalyzed Isocyanate Reactions
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R-SH           pKa    10.7R-SH           pKa    10.7
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R' = CHR' = CH3            3             pKa 10.7 pKa 10.7
              -O-R”       pKa 13.0-O-R”       pKa 13.0
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Delayed Catalysis in CoatingsDelayed Catalysis in Coatings

Essential for Essential for 
PotlifePotlife
Application CharacteristicsApplication Characteristics
Film AppearanceFilm Appearance
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Photo Catalysis New Technology PlatformsPhoto Catalysis New Technology Platforms
Wide Variety of Crosslinking MechanismsWide Variety of Crosslinking Mechanisms

accessible for radiation curingaccessible for radiation curing
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