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POLYURETHANES IN COATINGS

-Reactive two components

Two package Polyisocyanate + Polyol

One package Blocked isocyanate +
Polyol

-Reactive one component NCO prepolymer +
moisture: Oxidative

-Nonreactive one component

Solution Thermoplastic PU

Aqueous solution High and low MW PU
Thermoplastic and XL
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ISOCYANATE REACTIONS

R-NCO
R-OH R-NH,
HOH EPOXY
R-COOH TRIMER

R-NHCONH-R DIMER
R-NHCOO-R  CARBODIIMIDE
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CATALYSIS PROBLEMS

HIGH SOLIDS COATINGS WATERBORNE

POTLIFE/REACTIVITY WATER REACTION
MOISTURE REACTION POTLIFE
SOLUBILITY GASING
NETWORK STABILITY 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

AMINES

LEAD COMPOUNDS

ZINC SALTS

MANGANESE SALTS



CATALYST PROPERTIES

POTLIFE / REACTIVITY
SELECTIVITY

gll€

DELAYED ACTION
_OW TEMPERATURE

1 TEMPERATURE

WATER
HIGH RATE (RIM)
EXTERIOR DURABILITY
RESISTANCE PROPERTIES
ENVIRONMENT - TOXICITY
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|Isocyanate-Hydroxyl Reactions

ROH + R’'NCO R'NHCOOR

Cco,

R'NCO + H, O R’-NHCOOH R-NH,

R'NH, + R'NCO R'NHCONHR’

SL2198



ADDITIONAL REACTIONS

R'NHCOOR + R'NCO R’I}ICOOR

R'NHCO

R'NHCONHR’ + R'NCO R’I\IICONHR’
R'HNCO
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PE/HDI-TRIMER
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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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Viscosity (min @ 25°C)
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- Vn acac
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Bi Naph
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TIME. minute

PE/HDI-TRIMER
CATALYST REACTION RATE
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NCO NORMALIZED

HDI TRIMER / HYDROXYL

DBTDL 0.0140% Sn
n-BUTANOL

2000 3000 4000 5000 6000
TIME, sec

——DBTDL 0.014 % Sn
——2Zr CHEL. 0.014 % Zr

Bi CARB. 0.014 % Bi
———DABCO 1%

———2Zn OCT. 0.014 % Zn
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HDI-TRIMER - HYDROXYL
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NCO NORMALIZED
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NCO NORMALIZED
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HDI TRIMER / HYDROXYL
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NCO NORMALIZED
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1.2

Water 0.13 %
Water 0.21 %
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NCO NORMALIZED

2000 4000
TIME. sec

6000

n-BUTANOL

2-BUTANOL

ISOBUTANOL

2-BUTOXYETHANOL

HYDROXYETHYL CARBAMATE 1

HYDROXYETHYL ESTER

= = = = METHOXYTRIPROPYLENE
GLYCOL

SL2343



NCO NORMALIZED
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NCO NORMALIZED
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NCO NORMALIZED
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Viscosity, cP
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GEL TIME
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Tack Free time
Acrylic HDI-Trimer
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DRY THROUGH TIME
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SELECTIVITY OF CATALYSIS
DBTDL & Zr CHELATE
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Zr dketonate
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Co oct
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Ni acac
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WATERBORNE TWO COMPONENT
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WATERBORNE TWO COMPONENT
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WATERBORNE TWO COMPONENT

CATALYST SELECTION
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WATERBORNE TWO COMPONENT
XC-6212 XC-6212 DBTDL
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WATERBORNE TWO COMPONENT
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LEWIS ACID CATALYSIS
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AMINE CATALYSIS

R".;N +H-0O-R <> R’;N-H-O-R’
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ZIRCONIUM CHELATE CATALYSIS

+ROH , R
(AcAc),Zr = (AcAc), Zr<—0
- ROH “H

(fast)

+ACAC ” -ACAC
(slow)
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ZIRCONIUM CHELATE CATALYSIS

(AcAc), Zr-OR R’-NCO
o N
|

R'NH-C-OR (AcAc) Zr-OR
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HYDROLYSIS OF Zr CHELATE

Zr(AcAc), + H 2()«-»(A(:AC)3 ZrOH+ACAC

(AcAc), ZrOH— (AcAc) ,ZrOZr(AcAc),
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DELAYED ACTION OF Bi CARBOXYLATE

DEACTIVATION

Bi (RCOO), + H,0 +— Bi,0, + RCOOH

ACTIVATION

Bi,0,+ RCOOH —* Bij (RCOO), + H,O

R-NHCOOH + Bi,0; —* Bi (RNHCOO),



SUMMARY

ORGANO TIN FREE COATINGS POSSIBLE

CHOICE OF CATALYST DEPENDS ON APPLICATION
Zr CHELATE ACTIVATES HYDROXYL

Zr CHELATE CATALYSTS SELECTIVE FOR OH

HIGH REACTION RATES POSSIBLE

RELATIVE REACTIVITY OF HYDROXYLS DIFFERENT

CATALYSIS OF WATERBORNE COATINGS WITH Zr
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