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Synopsis 

Polyurea foams can be produced from nonmiscible water and polyisocyanates. The addition of 
a cosolvent improves the homogeneity of the reaction medium and enhances the effectiveness of 
any cataly&, preferably soluble in water. Cosolvents, exhibiting an intrinsic catalytic activity, display 
a regulating effect on the rise profde of the foams and allow for defining performant and less expensive 
formulations. 

INTRODUCTION 

Polyurea results from the reaction of a polyfuctional isocyanate with water. 
The reaction mechanism can be schematized by a two-step process, i.e., the fol- 
lowing equations for a monoisocyanate: 

R-NCO + H2O - [R-NH-COOH] + R-NH2 + CO:! (1) 

R-NCO + R-NH2 -m R-NH-CO-NH-R (2) 
The carbon dioxide evolved acts such as the foaming agent, but good quality 
foams are only obtained when suitable catalysts such as amines1.2 or metal 
salt-mine complexes3 are used. 

The reaction medium consists of two nonmiscible phases containing isocyanate 
or water, respectively. Another paper has shown the strong influence of the 
heterophase conditions on the course of the foaming pro~ess .~  Indeed, the re- 
action takes place in the organic phase wherein the effective concentration of 
the catalyst is determined by its partition coefficient between organic and 
aqueous phases. Thus the polyurea production would be better controlled when 
the catalyst is entirely in the organic phase. This paper reports some results 
obtained in that prospect by adding a cosolvent into the reaction medium. 

In the commonly used formulations, an excess of water (5- to 10-fold) is rec- 
ommended to dissipate a part of the reaction heat and to control the temperature 
rise. Furthermore, tris-(2-chloroethyl)phosphate (TCEP) is added to improve 
the physical characteristics of the end products. I t  is virtually impossible to 
determine the partition coefficient of the catalyst between water and the isocy- 
anate solution in TCEP. Indeed the polyurea formation starts immediately after 
the mixing of the two phases, and the temperature increases quickly. Only the 
partition coefficient of the catalyst between water and TCEP can be measured 
at  constant tem~erature .~ To improve the experimental conditions, enough 
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cosolvent can be added to catalyst, water, and TCEP to obtain a homogeneous 
medium. However, when isocyanate is added, the immediate formation of in- 
soluble polyurea does not allow us to know whether the initially homogeneous 
liquid phase demixes or not. 

Dimethylformamide (DMF), dioxane, and N-methyl 2-pyrroiidone (NMP) 
were separately used as cosolvent in formulations based on diphenylmethane 
4,4’-diisocyanate (MDI). 

EXPERIMENTAL 

The amhe catalysts were used as received from PRB-Recticel (Polyurethane 
Foam Division, Wetteren, Belgium). They are listed in Table I with their mo- 
lecular structure. Dimethylformamide (Baker), dioxane (Baker), N-methyl 
2-pyrrolidone (Aldrich), and TCEP (Hoechst) were used without any further 
purification. Crude diphenylmethane 4,4’-diisocyanate (Shell) contained 31.5 
wt ?6 of NCO groups. 

The C02 evolution was monitored thanks to a device previously described.3 
Foaming was tested on a reduced scale by pouring the reactive formulation into 
a cubic brown-paper box (15 cm side) lined with a polyethylene foil.3 

RESULTS AND DISCUSSION 

Figures 1 and 2 show the influence of the addition of dioxane as cosolvent on 
the CO2 evolution curves registered for different amine catalysts. In this series 
of measurements, the overall concentrations of MDI and each catalyst as well 

TABLE I 
The Amine Catalysts and Their Molecular Structure 

DABCO Diazabicyclo [2,2,2joctane ”-“ 
N A  
I---‘ 

DB Nfl-dimethylbenzylamine 

DMEA 2,2’-Oxy-bis(NJv-dimethylethylamine) 

DMP Tris - (N,”-dmethylaminomethyi) phenol 

N(CHJz 

2MI 2-Methylimidazole L.XCH3 I 

H 
/N(CH3)2 

TMG Tetramethylguanidine H - N 4  
‘N(CH3z 

NMP N-methyl2-pyrrolidone P o  
I 
CH, 
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Fig. 1. CO:! evolution curves; effect of dioxane used as cosolvent. No dioxane added to 100 parts 

parts). 48 parts dioxane added to 100 parts MDI, 31 parts HzO and 43 parts T C E P  (0) TMG (1.5 
parts); (v) 2MI (1.05 parts); (A) DMP (1.75 parts). 

MDI, 54 parts HzO and 75 parts TCEP: (+) TMG (1.5 parts); (0) 2MI (1.05 parts); (0) DMP (1.75 

as the TCEP over water volume ratio are kept constant. Whatever the one- or 
two-phase character of the reaction medium, the total volume is considered in 
the calculation of the so-called overall concentrations. In a two-phase syst.em, 
the isocyanate (MDI) is completely in the organic phase wherein its effective 

Fig. 2. COz evolution curves; effect of dioxane used as cosolvent. No dioxane added to 100 parts 

(3.45 parts). 48 parts dioxane added to 100 parts MDI, 31 parts Hz0 and 43 parts TCEP: (0) 
DABCO (1.5 parts); (v) DMEA (2.1 parts); (A) DB (3.45 parts). 

MDI, 54 parts H20 and 75 parts T C E P  (+) DABCO (1.5 parts); (0) DMEA (2.1 parts); (0) DB 
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Fig. 3. C02 evolution curves; effect of DMF as cosolvent. No DMF added to 100 parts MDI. 48 

(0) no catalyst. 33 parts DMF added to 100 parts MDI, 31 parts H20 and 43 parts TCEP: (v) 2MI 
(0.27 part); (A) DABCO (0.36 part); (XI DMEA (0.52 part); ( A ) no catalyst. 

parts HzO and 67 parts TCEP: (+I 2MI (0.27 part); (0) DABCO (0.36 part); (0) DMEA (0.52 part); 

concentration is accordingly higher than the overall value. In a homogeneous 
reaction medium, overalI and effective concentrations are equal. 

From Figures 1 and 2, the activity of TMG, DMP, and 2MI is hardly affected 
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Fig. 5. CO? evolution curves; intrinsic catalytic effect of NMP and dioxane in formulations based 
on 100 parts MDI and 0.21 part 2MI: (+) 31 parts NMP, ( 0 )  20 parts NMP and 15 parts dioxane; 
(0 )  10 parts NMF' and 30 parts dioxane; (0) 48 parts dioxane. 

by the addition of dioxane. I t  is not surprising since ail these protic catalysts 
react very easily with the polyfunctional isocyanate (MDI) and are therefore 
systematically present in the isocyanate-containing phase. The addition of 
dioxane seems to be responsible for a very slight decrease of the COa evolution 
rate, mainly in the case of 2MI. This effect could be explained either by the 
dilution of the effective reaction medium resulting from the homogenizing effect, 

I *I. co2 

Fig. 6. C 0 2  evolution curves: effect of the T C E P W  ratio in formulations containing 100 parts 
MDI and 31 parts water. TCEP/NMP (+) 1.7; (0) 1.1; (0) 1.4; (0) 0.85. 
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Fig. 7. Foams prepared from 2MI (3.5 parts); 2h4I (3 parts) plus NMP,  and 2MI (1 part) plus IWP, 
respectively. 

or by a decrease of the dielectric constant influencing the kinetics of the isocy- 
anate reaction with both water and the protic catalyst. As DB, DMEA, and 
DABCO are aprotic catalysts, they do not react with the isocyanate. The par- 
tition coefficient of DB between TCEP and water, at 25OC, is especially high (37) 
compared to the values determined for DMEA (0.145) and DABCO (0.015).4 
The favorable partition coefficient of DB toward the organic phase can explain 
why DB behaves very similarly to TMG, DMP, and 2MI. When DMEA and 
DABCO are used as catalysts, the polyurea foaming process is deeply modified 
by the addition of dioxane. The homogenizing effect of this solvent dramatically 
enhances the very low effective concentration of DMEA and DABCO in the 
isocyanate-containing phase. The improvement is so important that it largely 
outweighs the slight depressive effect observed for the other catalysts (mainly 
2MI and DB). 

Dimethylformamide (DMF) is a still more efficient cosolvent than dioxane, 
as it requires only 33.5 parts of DMF to homogenize 43 parts of TCEP and 31 
parts of water, when 48 parts of dioxane are necessary. Figure 3 shows the 
beneficial effect of DMF on the COZ evolution curves recorded for DABCO, 
DMEA, and 2MI. Although the overall catalyst concentration is now approxi- 
mately four times lower than before (Figs. 1 and 2), the COZ evolution rate re- 
mains quite high Furthermore, the polyurea foaming process proceeds at a good 
rate even in the absence of any amine catalyst. That means, the cosolvent itself 
has a cocataiytic activity, which is in agreement with the observations of Briody 
and Narinesingh.5 

The COa evolution curves are representative of the foam rise profdes. When 
catalysts with a low effective activity in the heterophase reaction medium are 
used (DABCO, DMEA), DMF significantly improves the rise profile (Figs. 2 and 
3), and the morphology and the quality of the end products also. Unfortunately, 

Fig. 8. Foams prepared from DMP (3.25 parts); DMP (1.5 parts) PIUS N-, and DMP (1-3 Parts) 
plus NMP, respectively. 
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DMF cannot be technically recommended because of its very unpleasant. and 
persistant odor. It can, however, be advantageously replaced by N-methyl2- 
pyrrolidone (NMP), which is, furthermore, a very safe solvent [high flash point: 
204°F (95.6"C), good chemical and thermal ~tabi l i ty] .~ Figure 4 ascertains the 
catalytic activity of NMP used as cosolvent. From Figures 3 and 4, it is obvious 
that NMP is cocatalytically more active than DMF, whereas it displays a more 
regular rise profile. NMP is also a little more efficient cosolvent to homogenize 
TCEP and water. The rise profile observed for the m i n e  catalysts operating 
in the presence of NMP are again significantly improved. The high catalytic 
activity of NMP in the polyurea formation is convincingly established in a series 
of experiments wherein 2 MI is used as catalyst (Fig. 5). All the other conditions 
being kept constant, the system TCEP (43 parts) and water (31 parts) is made 
homogeneous by adding just enough dioxane, NMP, or various mixtures of these 
cosolvents, respectively. As the NMP proportion increases, the COs evolution 
rate is drastically enhanced; this large effect cannot be explained by the slight 
decrease of the cosolvent volume (about 5% of the total volume). 

All of the previous measurements (Figs. 1-5) were taken in a reactor, but in 
the presence of a defoaming agent. It is attractive to prepare polyurea foams 
on a reduced scale by taking advantage of the cosolvent effects. However, the 
formulations have to be adjusted to keep a sufficient viscosity of the foaming 
material in spite of the cosolvent addition, and to prevent any further collapse 
of the rising foam. This adjustment is delicate, as moderate changes in the 
formulation exhibit large effects on the COz evolution curve monitored in the 
absence of amine catalysts; Figure 6 illustrates this phenomenon when the TCEP 
over NMP ratio is modified. Figures 7 and 8 show that the cosolvent NMP en- 
ables the preparation of very good polyurea foams with largely reduced amounts 
of amine catalysts. This procedure provides the producer with an attractive tool 
for controlling the cellular structure and the physicomechanical properties of 
the polyurea foams through proper adjustments of the TCEP, cosolvent, and 
catalyst balance. 

In conclusion, the use of a cosolvent has a favorable effect on the catalysis of 
the polyurea formation as long as the catalysts are preferably soluble in water 
rather than in the MDI solution. Furthermore, when the cosolvent has its own 
catalytic activity, it displays a regulating effect on the rise profrie of the polyurea 
foams. Finally, the use of a suitable cosolvent as NMP allows less expensive 
(&lo%%), although still performant, formulations. 

The authors are very much indebted to PRB-Recticel, Polyurethane Foam Division (Wetteren, 
Belgium) and to IRSIA (Brussels) for financial support. They want to thank Mr. M. Joilrquin, 
Director of R & D at PRB-Recticel and Dr. B. Zeegers and Dr. H. Creyf for their encouragement and 
very fruitful discussions. They are also grateful to C. Lemaire for his collaboration and F. Thomas 
for skillful technical assistance. 

References 

1. J. H. Saunders and K. C. Frisch, Polyurethanes: Chemistry and Technology, Wiley-Inter- 

2. K. C. Frisch and C. S. Rumao, J. Macromol. Sci. Rev., C5.103 (1970). 
3. J. M. Borsus, R. JBrBme. and Ph. TeyssiC, J. Appl. Polym. Sci., 26,3027 (1981). 
4. J. M. Borsus, P. Merckaert, R. JCrBme, and Ph TeyssiB, to appear. 
5. J. M. Briody and D. Narinesingh, Tetrahedron Lett., 44,4143 (1971). 

science, New York, 1962, Part I. 



4228 MERCKAERT, JEROME, AND TEYSSIE 

6. J. A. Riddick and W. B. Bunger, “Organic Solvents,” Techniques of Chemistry, Wiley, New 
York, 1970, Vol. 2. 

Received February 26,1982 
Accepted May 17,1982 


