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DRIVING FACTORS

ENVIRONMENTAL REGULATIONS
SAFETY- HEALTH
ENERGY

DELAYING FACTORS

REGULATIONS
FRAGMENTATION OF MARKETS
UNCERTAINTY IN MARKET PLACE

MARKET PLACE



COATING TECHNOLOGIES

HIGH SOLIDS - SOLVENT FREE

WATERBORNE

ELECTROCOATING

UV/EB COATING

POWDER COATING

VISCOSITY/SOLIDS  & POTLIFE/DRY TIME

COSOLVENT, APPLICATION CONDITIONS
DRY-TIME

PRODUCTION VOLUME, SUBSTRATE
CURE TEMPERATURE

COMPLEX OBJECTS, PIGMENTS

LOW FILM THICKNESS, CURE TEMPERATURE
FLOW AND LEVELING



CONDENSATION REACTIONS
Amino resins, melamine, urea formaldehyde

Blocked isocyanate

Silane, siloxane

FORMALDEHYDE, ALCOHOL, WATER

KETOXIME, PYRAZOL, ALCOHOL

ALCOHOL

Hydroxyl-carboxyl

Hydroxyethyl amide -carboxyl

Methylol amide, glycoluril, cyclic urea
WATER

WATER

WATER



Ring Opening and Addition Reaction

Isocyanate, Uretdione, Carbodiimide 
Cyclic acylurea
Epoxy, Glycidyl, Cycloaliphatic, Oxetane
Cyclic Carbonate
2-Oxazoline
Aziridine
Michael Addition 
Azlactone



CATALYST NEEDS

ISOCYANATE    POTLIFE-REACTIVITY
WATERBORNE 2K  WATER REACTION

BLOCKED ISOCYANATE
URETDIONE CURE TEMPERATURE

EPOXY Yellowing, Reactivity

HYBRID SYSTEMS
MELAMINE
BLOCKED ISOCYANATE
ISOCYANATE
SILOXANE



CATALYSTS FOR ISOCYANATE SYSTEMS

REQUIREMENTS 

ORGANOTIN FREE

CATALYSE NCO – OH
POTLIFE – REACTIVITY 

NO SIDE REACTION WATER REACTION
WATER REACTION
EXTERIOR DURABILITY



SCREENING OF CATALYSTS

APPLICATION TESTS FORMULATION
POTLIFE (2X VISC.)
GEL TIME
TACK FREE
DRY-THROUGH

MODEL SYSTEMS (ANALYTICAL)
DISAPPEARANCE OF NCO
FORMATION OF URETHANE / UREA
MW
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FUNCTIONAL GROUPS USED



CATALYSTS USED

Dibutyltin dilaurate    DBTDL
Zr dionate complex    Zr Chelate
Bi 2-ethylhexanoate   Bi Carboxyl
Zn 2-ethylhexanoate   Zn Carboxyl

Reaction conditions

Solvent Xylene
Isocyanate HDI trimer
Isocyanate concentration, mol/l 1.12
NCO/OH 1/1
Temperature, °C 20



HDI-TRIMER
DBTDL  0.014 % Sn
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HDI-TRIMER
Zr Chelate  0.014 % Zr
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HDI-TRIMER
Bi Carboxyl  0.14 % Bi
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HDI-TRIMER
Zn Carboxyl  0.27 % Zn
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ZIRCONIUM CHELATE CATALYSIS

SL2203
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ZIRCONIUM CHELATE CATALYSIS

SL2204
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HYDROLYSIS OF Zr CHELATE
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[Bi[Bi22(CH(CH44HH88OO33H)H)33(CH(CH44HH88OO33HH22)])]3+3+



Bismuth Catalysis

Bi(L)X + R’OH           Bi(L)X-1-OR’ + LH

Bi(L)X-1-OR’ +  RNCO  →→→→ RNCOOR’

+
LH

+ 
R’OH

Bi(L)X-1-OR’ +   RNHCOOR’Bi(L)X + RNHCOOR’

Bi(L)X-1



REACTION OF BLOCKED ISOCYANATE

RNHCOO-BL RNCO + H-BL

RNCO + R’OH RNHCO-OR’

RNHCO-BL +R’OH RNHCO-OR’+HBL

k1

k-1

k2

k-2

k3

k-3



CATALYST DEACTIVATION

Me – (L)x + H2O           MeO (OH) + xL 

CATALYST REACTIVATION

k1

k-1



POLYMERIC MDI BLOCKED
Catalyst 0.25 % Me
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Malonate
Uretdione
Alcohol
Phenol
Caprolactam
Dimethylpyrazole
Ketoxime

Bi, DBN, DBU, DBTDL, Zn

Bi, Co, DBTDL, Zn

Bi, Ca, Cr, Mn, DBTDL, Zn

Bi, Co, DBTDL, Zn

Bi, Ca, Co, DBTDL, Zn

Bi, Ca, Co, DBTDL, Zn
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CURE TEMPERATURE, °C

BLOCKING AGENTS - CATALYSTS



Crosslinker Weakness
Melamine-formaldehyde Acid etch
Isocyanate Scratch
Siloxane Cost

AUTOMOTIVE CLEARCOATS

MF BI

Si



Melamine Bl. Isocyanate

Siloxane

RSO3H/A

DBTDL

DBTDL

Bi-Carb

Al-ChRSO3R’

R-PO4A

Zn-CH

R-PO4A

HYBRID CROSSLINKING
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