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CATALYSIS OF ISOCYANATES

HYDROXYL-ISOCYANATE REACTION
DIFFERENT CATALYSTS DBTDL, Al, Bi, Zr
HOW TO SELECT A CATALYST
REACTION RATES WITH HYDROXYL
SELECTIVITY OF OH vs WATER
FORMULATION GUIDE LINES

BLOCKED ISOCYANATES





ISOCYANATE REACTIONS

R-OH

R-COOH
R-NHCONH-R
R-NHCOO-R

TRIMER
DIMER

EPOXY
R-NH2

HOH

CARBODIIMIDE

R-NCO
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CATALYSIS PROBLEMS

HIGH SOLIDS COATINGS

POTLIFE/REACTIVITY
MOISTURE REACTION
SOLUBILITY
NETWORK STABILITY

WATERBORNE

WATER REACTION
POTLIFE
GASSING
STABILITY
GLOSS



Objectives of this Study

ENVIRONMETALLY ACCEPTABLE CATALYSTS

REACTION RATE OF CATALYSTS WITH OH

SELECTIVE CATALYSTS FOR OH 

IMPROVED POTLIFE/REACTIVITY

REDUCED WATER REACTION



CATALYSTS USED

DIBUTYLTIN DILAURATE / DIACETATE
DIBUTYLTIN OXIDE 
MERCURY COMPOUNDS 
LEAD COMPOUNDS
AMINES
ZINC SALTS
MANGANESE SALTS



CATALYST PROPERTIES
POTLIFE / REACTIVITY
SELECTIVITY
DELAYED ACTION
LOW TEMPERATURE
HIGH TEMPERATURE
WATER
HIGH RATE (RIM)
EXTERIOR DURABILITY
RESISTANCE PROPERTIES
ENVIRONMENT - TOXICITY
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Isocyanate-Hydroxyl Reactions

ROH + R’NCO R’NHCOOR

CO CO 22

R’NH   +2 R’NCO R’NHCONHR’

R’NCO + H2 O R’-NHCOOH R’-NH2
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R’NCOR’NHCOOR + R’NCOOR

R’NHCO

R’NCOR’NHCONHR’ + R’NCONHR’

R’HNCO

ADDITIONAL REACTIONS 
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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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NETWORK FORMATION
A4 + B2
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CATALYSTS

Zr ChA……….XC-4205…….ZrAcAc
Zr ChB……….XC-6212…….Zr Dionate
Al Ch1………..XC-5218…….Al Dionate
Bi carb……….K-348………..Bi Oct.
DBTDL………………………..Dibutyltin C12
DBTDA……………………….Dibutyltin Ac



Metal Chelate with 2,4-PD
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REACTIVITY WITH DIFFERENT HYDROXYL GROUPS
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HDI TRIMER / HYDROXYL
DBTDL   0.0140% Sn

n-BUTANOL
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Polyether MDI Elastomer 
Bi Oct. 1/5 mol WATER
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CATALYSTS

Zr ChA……….XC-4205…….ZrAcAc
Zr ChB……….XC-6212…….Zr Dionate

XC-9213…….Zr Dionate
Al Ch1………..XC-5218…….Al Dionate
Bi carb……….K-348………..Bi Oct.
Bi carb……….XC-8203...…..Bi Carb.
DBTDL………………………..Dibutyltin C12
DBTDA………………………..Dibutyltin Ac
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LEWIS ACID CATALYSIS
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AMINE CATALYSIS
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DELAYED ACTION OF Bi CARBOXYLATE

Bi (RCOO)3  + H2O Bi2O3 + RCOOH

Bi2O3 + RCOOH Bi (RCOO)3  + H2O

R-NHCOOH + Bi2O3 Bi (RNHCOO)3

DEACTIVATION

ACTIVATION

H2O + RNCO R-NHCOOH R-NH2 + C02



WHY REPLACE DBTDL

ENVIRONMENTAL Al, Bi, Zr
POTLIFE - REACTIVITY Al
PIGMENT ABSORPTION Al
SELECTIVITY - HYDROXYL vs WATER Zr

LOW GLOSS HIGH HUMIDITY Zr
GASSING Zr

WATERBORNE Zr
DELAYED REACTION Bi
SIDE REACTIONS Zr
HYDROLYSIS OF ESTER GROUPS Al, Bi, Zr
DURABILITY Al, Bi, Zr



FORMULATION GUIDE LINES

CATALYST INHIBITION - DEACTIVATION
PIGMENT ABSORPTION
WATER
ACID NUMBER
AMINE

HIGH SOLIDS
POTLIFE - REACTIVITY
SOLUBILITY

WATERBORNE
GASING 
CATALYST
HYDROLYSIS
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CATALYSTS FORMULATION GUIDELINE 
Zr Chelate XC-6212, XC-9213 

Add to isocyanate
Zr Chelate 4205

Water free formulation low in acid number

Bismuth carboxylate K-348, XC-8203
COOH beneficial
Low water content
Dehydrating agents

Al Chelate K-5218
Low acid number, neutralization
Low water content
2,4-pentanedione addition
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HIGH REACTION SPEED
PLURAL COMPONENT GUN…………….
POT LIFE
HEAT CURE……………………...
EXTERIOR DURABILITY
HIGH HUMIDITY…………………..
WATERBORNE
NCO BLOCKED
PU-PREPOLYMER………………..
RIM
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K-5218 AlDBTDL

CATALYST SELECTION
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SUMMARY
ORGANO TIN FREE COATINGS POSSIBLE

CHOICE OF CATALYST DEPENDS ON APPLICATION

Zr CHELATE CATALYSTS SELECTIVE FOR OH

HIGH REACTION RATES POSSIBLE

RELATIVE REACTIVITY OF HYDROXYLS DIFFERENT 

CATALYSIS OF WATERBORNE COATINGS WITH Zr

POTLIFE - REACTIVITY Al

Bi CATALYST SIMILAR TO DBTDL



REACTION OF BLOCKED ISOCYANATE

RNHCOO-BL   RNCO + BL

RNCO + R’OH RNHCO-OR’
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BLOCKED ISOCYANATES
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