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ABSTRACT

The catalytic activity of three tertiary amines and three organotin
compounds in the cure reaction of blocked isocyanate with hydroxyl-
terminated polybutadiene was investigated. It was found that the steric
factor determines the catalytic activity of the compound. The tin com-
pounds showed higher catalytic activities than the amine compounds.
The deblocking catalytic activity of the amine and tin compounds was
confirmed by the identification of isocyanate functionality using infrared
spectroscopy. The synergistic effect of amine and tin mixed catalysts
systems in the deblocking reaction was reported for the first time.

INTRODUCTION
Hydroxyl-terminated polybutadiene (HTPB) is referred to as a workhorse
binder used in solid propellants [1] and in rocket motor cases [2]. The polybuta-
diene chain gives a higher energy value and good mechanical properties. The low
viscosity of this prepolymer favors high solid loading (fuel and oxidizer). The

833

Copyright © 1996 by Marcel Dekker, Inc.



15: 02 24 January 2011

Downl oaded At:

834 KOTHANDARAMAN, SULTAN NASAR, AND SURESH

nonpolar hydrocarbon main chain of HTPB provides superior hydrolytic stability.
Cured HTPB has tough, rubbery properties, a prime requirement for modern pro-
pellants. The very efficient isocyanate-alcohol reaction (urethane formation reac-
tion) is used for curing HTPB. Toluene diisocyanate (TDI) is used as the curing
agent. The main problem associated with HTPB is the high reactivity of the primary
hydroxyl groups to isocyanate molecules, and hence the system suffers from a short
pot-life. This problem may be overcome by the use of a blocked TDI crosslinker
instead of TDI as such. At elevated temperatures the blocked isocyanate will dissoci-
ate to regenerate the isocyanate functionality in a controlled manner [3]. Then the
actual cure reaction will take place between HTPB and the regenerated isocyanate
groups. Phenols are the important blocking agents for isocyanates and are widely
used in industrial processes [4, 5]. The authors [6-9] have studied the thermal
dissociation of a number of phenol-blocked TDI crosslinkers.

The deblocking of blocked isocyanates is catalyzed by bases and organometal-
lic compounds. In the patent literature [4, 10] a wide variety of compounds are
disclosed as catalysts, most of which also catalyze the reaction of isocyanate with
alcohols [4, 11]. Reports on the catalysis of the deblocking reactions in the presence
of hydroxy coreactants are meager [11, 12]. The effect of catalysis on the cure
reaction of blocked isocyanate with HTPB has not been reported. The aim of the
present report is to determine the catalytic activity of some amine and tin com-
pounds in the blocked isocyanate-HTPB cure reaction.

EXPERIMENTAL
Materials

The preparative method for 2,4-di-zert-butylphenol-blocked TDI adduct was
described in our previous report [9]. The TDI used was a mixture of isomers con-
taining 80% 2,4-TDI and 20% 2,6-TDI. HTPB (average molecular weight = 2500,
hydroxyl value = 43.66 mg KOH/g) and dioctyl adipate (DOA), obtained from
Vikram Sarabhai Space Centre, were used without further purification. Diethyl-
cyclohexylamine (DECHA) (Sigma) and tributylamine (Fluka) were distilied before
use. Tribenzylamine (Fluka), dibutyltin diacetate (DBTDA) (Merck), dibutyltin
dilaurate (DBTDL.) (Merck), and stannous-2-ethylhexanoate (Sigma) were used as
received. The solvents were purified by reported procedures [13].

Gel Time Studies

One gram (1.8 x 107* mol) of the blocked isocyanate and 5 mL DOA were
taken in a beaker and placed in an oil bath maintained at 100°C for 30 minutes.
After completion of solubilization, the beaker was removed from the oil bath and
the solution was mixed with 5 g (2.0 x 10 * mol) HTPB. The homogeneous mix-
ture of the blocked isocyanate, DOA, and HTPB was placed in an oven maintained
at 125°C. The beaker was inverted at regular intervals to observe the flow behavior
of the solution. The time at which the solution ceased to flow was taken as the gel
time.

The blocked isocyanate was dissolved in 4 mL DOA in the catalyzed experi-
ments. The remaining 1 mL DOA was added in the form of the catalyst solution. In
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the experiments involving mixed catalysts systems, the blocked adduct was dissolved
in 3 mL DOA. The remaining 2 mL DOA was added as two different catalyst
solutions, each in 1 mL portions.

IR Analysis

Identical experiments involving DECHA and DBTDA as the catalyst were
carried out without HTPB for 30 minutes. The viscous solutions were diluted with
25 mL chloroform and the IR cell was filled with this solution. The spectra were
recorded over the 4000 to 400 cm ~! range on a Perkin-Elmer Model 781 spectropho-
tometer. A blank solution without the blocked isocyanate was taken in the reference
cell of the spectrophotometer.

Viscosity

The relative viscosities (1,) of the gels were measured at a concentration of 0.1
g/dL in toluene at 30°C using an Ubbelohde viscometer.

RESULTS AND DISCUSSION

In the cure reaction between a blocked isocyanate and a polyol, the homogene-
ity or the solubility of the blocked isocyanate in the hydroxy compound is an
important factor. If the blocked isocyanate has poor solubility, it will settle down in
the system and a uniform cure will not be possible. In our previous study [6] it was
found that an alkyl substituent in the blocking agent improves the solubility of the
adduct in hydroxy compounds. For this reason 2,4-di-tert-butylphenol was chosen
as the blocking agent for TDI. The presence of a bulky tertiary butyl group in the
ortho position reduces the dissociation temperature of the adduct to some extent.
To get a perfectly homogeneous system, DOA, which is used as a plasticizer in solid
propellants [2], was used to solubilize the adduct.

Two types of catalysts were used in this study. The first type consisted of three
tertiary amines and the other type consisted of three organotin compounds. The
catalytic activity of these compounds in the cure reaction of 2,4-di-fert-butylphenol-
blocked TDI with HTPB was studied by determining the gel times. The results of
uncatalyzed and catalyzed reactions are given in Table 1. The uncatalyzed experi-
ment carried out at 125°C for 315 minutes gave a completely cured gel, but the
experiment carried out at room temperature for 24 hours did not show any increase
in the viscosity of the reaction mixture and thereby confirmed that dissociation did
not occur during solubilization of the adduct at 100°C. In the catalyzed reactions,
organotin compounds showed higher catalytic activities than the amine compounds.
In both cases the catalytic activity decreased with increasing steric hindrance at the
catalytic center. For example, DECHA showed higher catalytic activity than the
tributylamine in the amine-catalyzed reactions, while the tribenzylamine was found
to be inactive.

The mechanism (Fig. 1) may involve the abstraction of a proton from the
urethane N—H group by the base, leaving a negative charge on the nitrogen atom.
Since the bond between the carbonyl carbon and the oxygen of the blocking agent is
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TABLE 1. Catalysis of Cure Reaction of
2,4-Di-tert-butylphenol-Blocked TDI with
HTPB at 125°C

Gel time,

Catalyst, 1.8 x 107*M minutes 7,

Nil 315 1.486
DECHA 270 1.475
Tributylamine 285 1.480
Tribenzylamine 315 1.475
DBTDA 90 1.480
DBTDL 135 1.480
Stannous-2-ethylhexanoate 270 1.486

labile, the phenoxide group will leave as a phenoxide anion and be protonated by
the R;NH * species to form phenol, and the catalyst will be regenerated. The authors
have studied the mass fragmentation patterns of a series of substituted phenol-
blocked isocyanates and identified the phenolate ion in all cases [10]. Abstraction
of a carbamate N—H proton by a base is well reported [14, 15]. Katsamberis and
coworker [12] proposed this type of mechanism involving amidine as the catalyst.
According to this argument, the greater activity of DECHA can be attributed to its
less sterically hindered structure, making the nitrogen more accessible to abstract
the proton from the blocked isocyanate. The nitrogen atom is totally inaccessible in
the tribenzylamine due to the presence of bulky benzyl groups around it, so it does
not act as a catalyst.

DBTDA shows higher catalytic activity than DBTDL in the tin-catalyzed reac-
tions. The mechanism may involve the formation of a complex between the catalyst
and the blocked isocyanate by the interaction between tin and oxygen of the car-
bonyl group:

Bu Bu Bu Bu
—rd Newty
RO co/ l \OCOR ROCO/! \OCOR
P D 1
Ar— N—C—0—Ar Ar— N— C—O—Ar
| | (+)
H H

Owens and coworkers [16] reported 1:2 adducts of SnX, with phenyl isocyanate in
which the phenyl isocyanate ligands are oxygen bonded to the Sn** ion. Due to this
interaction the labile bond in the blocked isocyanate will be easily cleaved. The
lower activity of stannous-2-ethylhexanoate than of DBTDA and DBTDL may be
due to the more electronegative character of the Sn’?* ion than the Bu,Sn** ion.
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FIG. 1. Mechanism of amine-catalyzed deblocking of a blocked isocyanate.
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Infrared spectrum of (a) 2,4-di-fert-butylphenol-blocked TDI adduct, (b) the
adduct heated at 125°C for 30 minutes, (¢) the adduct heated at 125°C for 30 minutes in the
presence of DECHA, and (d) the adduct heated at 125°C for 30 minutes in the presence of
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TABLE 2. Synergistic Effect of Amine and Tin Catalysts for the
Catalysis of 2,4-Di-fert-butylphenol-Blocked TDI-HTPB Cure
Reaction at 125°C

Amine catalyst, Gel time,

1.8 X 107*M Tin catalyst, 1.8 x 10 *M minutes 7,
DECHA DBTDA 30 1.490
Tributylamine DBTDA 45 1.475
Tribenzylamine  DBTDA 70 1.480
DECHA DBTDL 45 1.480
Tributylamine DBTDL 60 1.490
Tribenzylamine DBTDL 80 1.490
DECHA Stannous-2-ethylhexanoate 75 1.475
Tributylamine Stannous-2-ethylhexanoate 90 1.485
Tribenzylamine  Stannous-2-ethylhexanoate 120 1.485

Robins [17] opined that the more electronegative ions form bonds of considerable
covalent character with alcohol and hence lower the nucleophilicity of the hydroxyl
group. The catalysis of the isocyanate-alcohol reaction by the amines and metal
ions has been reported [18-21].

In both the amine- and tin-catalyzed reactions, the regeneration of the isocya-
nate functional group is identified by infrared spectroscopy. The spectrum (Fig. 2)
obtained before heating the adduct did not show any absorption band in the 2250 to
2270 cm ! range. If any free isocyanate group were present in the adduct, it would
strongly absorb in this region. But the spectra obtained after heating the adduct at
125°C in the presence of amine and tin compound showed a strong absorption bond
in the 2250 to 2270 cm ~' range due to the regenerated isocyanate functionality. The
spectrum obtained without the catalyst also showed a band in the same region, but
the peak intensity is not appreciable.

The relative viscosities (»,) of the gels obtained by the uncatalyzed and cata-
lyzed reactions were determined by the use of an Ubbelohde viscometer to ensure the
constancy of the gelation reaction. It was found that the values of 4, are identical,
confirming a uniform cure reaction in all the experiments.

Wolf [22] showed that tertiary amines and tin carboxylates are synergistic in
the urethane formation reaction. In the present study the mixed catalysts, in equi-
molar concentrations, showed a synergistic effect, and the results are given in Table
2. It was found that the time taken for gelation with the amine and tin compound
mixture is lower than the time taken with any one of the individual compounds
(Table 1). Tribenzylamine by itself was inactive; however, when used in combina-
tion with tin compounds, it exhibited catalytic activity. Among the nine combina-
tions tried, the DECHA/DBTDA combination showed the highest catalytic activity.
Bechara [23] reported the enhanced activity of DBTDL /triethylenediamine mixed
catalysts toward the phenyl isocyanate-butanol reaction. More studies are needed
to understand the deblocking reaction by these mixed catalysts.
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CONCLUSION

1. The cure time of HTPB with 2,4-di-tert-butylphenol-blocked TDI was
determined for different amine and tin catalysts at 125°C.

2. It was found that the amine and tin compounds are synergistic to each
other in blocked isocyanate-HTPB cure reaction.

3. Tribenzylamine was found to be a catalytically active compound when
used in combination with tin compounds.

4. The deblocking catalytic activity of amine and tin catalysts was confirmed
by the identification of isocyanate functionality using infrared spectroscopy.
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