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Synopsis 
Thermoset poly(dipropoxy1ated bisphenol S-fumarate) showed an increase in heat 

deformation resistance over thermoset poly(dipropoxy1ated bisphenol A-fumarate). 
However, the poly(dipropoxy1ated bisphenol S-fumarate) required the incorporation 
of about 20 mole-% of dipropoxylated bisphenol A into the polyester molecule to be 
styrene compatible. Condensation polymerization of various ratios of the dipropoxylated 
bisphenols with fumaric acid was employed to prepare the polyesters. The polyesters 
were then thermoset by crosslinking with styrene using a peroxide initiator. The ther- 
moset of a poly(dipropoxy1ated bisphenol S-fumarate), into which 20 mole-% of the 
dipropoxylated bisphenol A had been incorporated, had a heat distortion temperature 
13 "C higher than the poly(dipropoxy1ated bisphenol A-fumarate) thermoset. 

INTRODUCTION 

The value of the diary1 sulfone group for increasing heat deformation 
resistance of thermoplastics has been well established with aromatic 
polysulfones. 1-3 

Increases have also been indicated for thermosets containing this sul- 
fone group. In  the case of epoxy  resin^,^,^ the increase in heat deformation 
resistance was substantial. For phenolic resins,6 increased heat aging has 
also been shown. The sulfone group was usually incorporated into the 
thermoset by using bisphenol S, an isomer mixture of 4,4'- and 2,4'-di- 
hydroxydiphenyl sulfone, the 2,4'-isomer being a minor component (0 to 

It can now be shown that the sulfone group imparts increased heat de- 
formation resistance to thermosets based on unsaturated polyesters. For 
this purpose, a bisphenol S unsaturated polyester, poly(dipropoxy1ated 
bisphenol S-fumarate), has been compared with a bisphenol A un- 
saturated polyester, poly(dipropoxy1ated bisphenol A-fumarate). 

20%). 

EXPERIMENTAL 

The incorporation of a bisphenol into a polyester is facilitated by using an 
Therefore, the bisphenol S unsaturated poly- alkoxylated bisphen01.~~~ 
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ester was prepared by condensing dipropoxylated bisphenol S with fumaric 
acid. A bisphenol A unsatuated poly- 
ester (A-F) was similarly prepared. 

The bisphenol S polyester or blends of this polyester and A-F, however, 
were incompatible with styrene a t  the 30-50y0 styrene content desired for 
solutions. Compatibility was obtained by replacing a portion of the 
dipropoxylated bisphenol S in the polyester with dipropoxylated bisphe- 
no1 A. (The amount needed to be replaced is dependent on the 2,4'-isomer 
content of the bisphenol S, the molecular weight of the resulting polyester, 
and the desired styrene content of the solut,ion.) For this comparison, 
styrene-compatible bisphenol S (13% 2,4'-isomer) unsaturated polyesters 
were prepared by replacing 20 to 50 mole-% of the dipropoxylated bisphenol 
S with dipropoxylated bisphenol A. Resin properties are shown in Table 
I. 

The method of Kass8 was used. 

TABLE I 
Resin Properties 

A-F 50S/5OA-F' 70S/30A-Fa 80S/ZOA-F. 

Acid no. 17.1 29 20 18.9 
Durrans softening point 111 116 132 154 

a Designates the mole ratio of dipropoxylated bisphenol-S to dipropoxylated bis- 
phenol-A in the polyester. 

Thermosets of these polyesters were prepared by casting a solution of the 
polyester (40% styrene content), containing 1.5 phr MEK peroxide and 
0.5 phr cobalt naphthenate, in a glass mold. A rigid thermoset was ob- 
tained after about 16 hr. Crosslinking was further increased by heating 
a t  100°C for 4 hr. 

RESULTS AND DISCUSSION 

A comparison of the thermoset polyesters shows increased heat deforma- 
tion resistance, as indicated by increased heat distortion temperature, as 
the sulfone content is increased. Since in 
most cases the acid numbers indicate similar molecular weight, this effect 
must be due to the replacement of the isopropylidene group present in 
bisphenol A with the sulfone group present in bisphenol S. 

The presence of the sulfone group also appears to slightly increase rigid- 
ity, as indicated by increased flexural modulus, and heat aging resistance, 
as shown by the lower weight loss after 24 hr a t  260"C, for the 80S/20A-l~ 
polyester in Table 11. An increase in nonpolar solvent resistance is also 
indicated by the higher retention of rigidity after immersion in toluene. 
However, although high chemical resistance after immersion in nitric acid 
or sodium hydroxide is also indicated in Table 11, retention of rigidity is 
lower then with A-F. Although the greater rigidity of the SOS/2OA-F poly- 

This can be seen in Figure 1. 
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Fig. 1. Effect of bisphenol S on heat deformation resistance. 

ester should enhance chemical resistance, the polarity or hydrophilicity due 
to the sulfone group counteracts this somewhat in aqueous systems. 

TABLE I1 
Properties of Thermoset Bisphend-S Unsaturated Polyester 

A-F YOS/2OA-F 

Flexural strength (ASTM D-790) psi 
Flexural modulus (ASTM D-790), psi 
HDT (ASTM D-648), "C 
Barcol hardness 
Weight loss after 24 hr a t  260"C, yo 
Flexural modulus retained after 

18 hr a t  92°C in toluene, yo 
4 days at 96°C in 10% NaOH, % 
4 days at 96°C in 10% HNOa, c% 

11,900 
4 13,000 

122 
23 

7 . 5  

68 
104 

< I ! )  

10,700 
453,000 

135 
29 
6.4 

86 
9 1 
!)7 

The incorporation of dipropoxylated bisphenol A into the bisphenol S 
polyester to obtain styrene compatibility probably prevents maximum 
enhancement of properties. However, methods that involve incorporation 
of a rather flexible group to obtain styrene compatibility have a more drastic 
effect. For example, a styrene-compatible bisphenol S unsaturated poly- 
ester was prepared by using a polypropoxylated bisphenol S having a 3.7- 
to-1 mole ratio of propylene oxide to bisphenol S (instead of using the 2-to-l- 
ratio dipropoxylated bisphenol S and bisphenol A). The resulting poly- 
ester had an acid number of 13.4 arid a Durrans softening point of 114OC. 
Although rigidity and resistance to toluene of the thermoset compared to  
A-F were increased, heat deformation resistance was not. Further, chem- 
ical resistance to sodium hydroxide and nitric acid at 96°C was greatly re- 
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duced. This is in part due to the presence of a long dialkyl ether link 
which contributes a flexibilizing effect. 

Another method for obtaining a styrene-compatible polyester involves 
replacing 25 wt-% of the fumaric acid with phthalic anhydride (instead of 
replacing dipropoxylated bisphenol S with dipropoxylated bisphenol A). 
Preliminary results indicate that a two-step, one-pot reaction is required. 
The phthalic anhydride must, be reacted with the dipropoxylated bisphe- 
no1 S before the fumaric acid is added. An acid number of 17.7 and a 
Durrans softening point of 139 were obtained. 
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