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Epoxy Resins from Dinaphthols 

V. C. E. BURNOP, Esso Research Centre, Abingdon, England 

synopsis 
Epoxy resins were prepared from di-a-naphthol(4,4’-dihydroxy-l,l’-dinaphthyl) and 

di-&naphthol(2,2’-dihydroxy-l, 1 ’-dinaphthyl). The resins consisted mainly of the 
reaction product of 1 mole of dinaphthol with 2 moles of epichlorhydrin. They con- 
tained chlorine, however, and were correspondingly deficient in diepoxide functionality. 
The resins from di-a-naphthol were crystalline, had m.p. 2OO0C., and were not miscible 
with conventional curing agents. Di-@-naphthol gave resins with softening points in 
the range 50-7OoC., which cured with diethylenetriamine or the anhydrides of dibasic 
acids, giving hard but brittle products. The brittleness was not removed by curing with 
plasticizing curing agents, such as tetrapropenyl succinic anhydride. The cured di-@- 
naphthol-based resins had thermal stabilities similar to analogous epoxy resins based 
on bisphenol A. 

Introduction 

Epoxy resins are conventionally prepared in the reaction of bisphenol A 
and epichlorhydrin in the presence of sodium hydroxide. In the general 
formula for these resins (I) the value n is controlled by varying the pro- 
portions of reactants. Thus n increases as the proportions of epichlorhy- 
drin and sodium hydroxide decrease relative to bisphenol A. 

CH-CH. CH2 [OROCHz. CHCHzln OROCHz * CH-CHz 

‘d OH I >’ 
Epoxy Resin (I) 

The value of epoxy resins lies in the reactivity of the epoxy and hydroxyl 
groups. Treatment with curing agents, such as amines or anhydrides, 
gives insoluble, crosslinked products with notable mechanical and electrical 
properties. This paper describes the preparation and properties of epoxy 
resins prepared from dinaphthols. These resins were expected to have 
structure (I) where R is dinaphthyl. The preparation and cure of epoxy 
resins from a dinaphthol, presumably di-@-naphthol (IV) have been previ- 
ously reported’ but only one curing agent (hexamethylenediamine) was used 
under unspecified conditions. A more detailed investigation was therefore 
desirable. 

Experimental 
The required dinaphthols were prepared by ferric chloride oxidation of 

a-Naphthol gives a mixture of 4,4’-dihydroxy- a- and @-naphthols.2.3 
699 
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Ill’-dinaphthyl (11) and 1,1’-dihydroxy-2,2’-dinaphthyl (111), while p- 
naphthol gives 2,2’-dihydroxy-l1l’-dinaphthyl (IV). Substances (11) and 
(111) proved difficult to separate. Substance (111) was removed from the 
crude mixture by extraction with boiling benzene, and the residual (11) was 
recrystallized repeatedly from isopropanol. Substance (111) was not ob- 
tained sufficiently pure to justify conversion to resins. 

(Iv) I 
OH 

Di- f l  -naph tho1 (11) 
E-a- naph th  01 

Preparation of Resins 

The reaction between the dinaphthols and epichlorhydrin was carried out 
by two methods: the direct method, in which solid sodium hydroxide was 
added to a solution of dinaphthol in excess epichlorhydrin at 95”C., and 
the reverse method, in which a limited amount of epichlorhydrin was added 
to a solution of the dinaphthol in 10% aqueous sodium hydroxide between 
45 and 95°C. These are conventional  method^.^ With bisphenol A the 
direct method gives a resin of structure (I) with n = 0, and the reverse 
method gives n = 2-4. 

Attempts to prepare epoxy resins from di-a-naphthol (11) gave crystal- 
line solids of high melting point (Table I). Normal curing procedures 
could not be applied to these products, since homogeneous melts with 
curing agents could not be made. The high chlorine and low epoxide con- 
tents suggested that these solids were not pure epoxy resins of structure (I). 
The use of excess alkali did not reduce the chlorine content significantly 
(Table I, run 3). 

The di-p-naphthol (IV) gave epoxy resins of softening points 50-70°C. 
by the direct method (Table 11, runs 4-7). The softening point and 
molecular weight decreased as the proportion of epichlorhydrin in the reac- 
tion mixture increased. The epoxide group contents of 0.274.38 per 
100 g. were again considerably lower than the expected value of 0.50 for (I), 
where n = 0 and R = dinaphthyl. This was shown not to be due to faulty 
technique, since run 8, in which bisphenol A replaced dinaphthol, gave a 
product with an epoxide group content (0.50 per 100 g.) closer to the the- 
oreticalvalueof 0.59for (I), where%= OandR = -CcH4-CCMez-C6H4-. 
Run 6 was carried out under quantitative conditions and it was found that 
1 mole of di-@-naphthol reacted with 2.07 moles of epichlorhydrin. Anal- 
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EPOXY RESINS FROM DINAPHTHOLS 703 

TABLE I11 
Comparative Analysis of Resin Run 6 

Analysis 
Resin 6 Structure (V) Structure (VI) 
(found) (calcd.) (calcd.) 

c, % 76.7 78.4 71.8 
H, % 5 . 3  5 . 5  5 .3  
c1, % 1 . 8  0 . 0  8 . 2  
Mol. wt. 413 398 435 
Epoxy equiv. (groups per 100 9.) 0.38 0.50 0.23 
Hydroxyl value (groups per 100 g.) 0.10 0 . 0  0.23 
Yield, wt.-% on dinaphthol 140 139 152 

ysis of this resin (Table 111) indicated that it was probably a mixture of the 
expected diepoxide (V) with about 30y0 of the hydroxy ether (VI). 

Structure (VI) contains chlorhydrin groups that should be convertible to 
epoxy groups by conventional techniques. When resin 6 was refluxed 2 hr. 
in dioxane with solid sodium hydroxide and the filtrate vacuum stripped at 
100°C., the chlorine content was reduced from 1.83 to 0.09%. The result- 
ing resin, however, was infusible and was no longer soluble in dioxane or 
other solvents. During the preparation of resin 6 a small amount of in- 
fusible and insoluble fibrous material was isolated; it had the empirical 
formula C21H31C1O8. A similar product was formed when epichlorhydrin 
was refluxed with sodium hydroxide, and it was concluded that it was a 
polyglycerol. 

The reverse method of preparing the resins gave mixtures of resins of 
softening point 108°C. and crystalline materials of melting point 180- 
190°C., all of which contained appreciable amounts of chlorine (Table 11, 
runs 9 and 10). Although the epoxide contents were low, the molecular 
weights were not proportionately higher. These materials were not in- 
vestigated further. 

Curing Di-8-naphthol-Based Resins 

Several curing systems crosslinked the di-8-naphthol-based epoxy resins, 
but the products were, without exception, very brittle. Thus resins 4-7 
(Table 11) cured with 10 wt.-% of DETA (diethylenetriamine) within a few 
minutes at lOO"C., giving brittle, infusible, and insoluble products. Under 
the same conditions resin 8, based on bisphenol A, gave a tough (i.e., not 
brittle) thermoset resin. Attempts were made to build in plasticity by 
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reaction with long-chain compounds. Thus, resin 4 prereacted for 1 hr. a t  
100°C. with 0.6-1.0 part by weight of the long-chain amine Primene J M T  
(Rohm and Haas; mol. wt. 340) and then heated 1 hr. a t  160°C. with 0.1 
part of maleic anhydride. However, only brittle resins were formed, with 
softening points in the range 82-97°C. Details of further curing exper- 
iments with resin 6 are given in Table IV. I n  curing run “a” methyl 
ethyl ketone (MEK) was used as diluent; otherwise, the curing agent 
(DETA) reacted too vigorously a t  the lowest temperature at which the 
mixture could conveniently be stirred. The MEK, which evaporated at  
the cure temperature, retarded cure. The hardest resins were obtained by 
curing with maleic or phthalic anhydrides (runs “f” and “g”), but long 
curing times and high temperatures were required. 

Finally, resin 6 was cured for 140 hr. at 160°C. with maleic, tetrapro- 
penylsuccinic, and phthalic anhydrides, with 0.8 mole of curing agent to 
each resin epoxide group. Epikote 828 (Shell Chemical, epoxy resin; 
epoxy value 0.52, hydroxyl value, 0.08) was cured under similar conditions. 
The properties of the cured resins are given in Table V. With both resins 
the cure, as measured by acetone solubility, was most complete with maleic 
anhydride, and the resins based on Epikote 828 were more fully crosslinked 
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Fig. 1. Thermal stability in nitrogen of ( A )  cured resin 6 and (0 )  Epikote 828. Curing 
agent: (--) maleic anhydride; (- -) phthalic anhydride; (- - -) TPSA. 
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than those based on resin 6. The cured dinaphthol-based resins were 
harder than those from Epikote 828 but were very brittle. 

Thermal Stability of Epoxy Resins from Di-p-naphthol 

The thermal stability of the anhydride-cured resin 6 and Epikote 828 
(runs “h” to “m,” Table V) were determined in nitrogen and air between 
200 and 275°C. by measuring the weight losses over 2 hr. In both air and 
nitrogen the resins cured with maleic anhydride were far more stable than 
those cured with TPSA (tetrapropenyl succinic anhydride) or phthalic 
anhydride, the most stable being Epikote 828. The TPSA-cured resins 
were the least stable, especially in air; see Table VI and Figures 1 and 2. 
The dinaphthol resins were, for a given curing agent, about as stable ther- 
mally as those based on Epikote 828 resin. 

Fig. 2. Thermal stability in air of ( A )  cured resin 6 and (0 )  Epikote 828. Curing agent: 
(-) maleic anhydride; (- - -) phthalic anhydride; (- -) TPSA. 

Conclusions 

Di-a-naphthol, 4,4‘-dihydroxy-l,l’-dinaphthyl, reacts with epichlorhy- 
drin and alkali to give crystalline, insoluble products of melting point 
200°C. These properties make curing impossible by methods normally 
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used for epoxy resins. Di-/3-naphthol, 2,2’-dihydroxy-l,l’-dinaphthyl1 
gives resins with softening points in the range 50-70°C. These resins 
contain chlorine and are correspondingly deficient in epoxide functionality. 
The epoxy resins from di-@-naphthol can be cured with diethylenetriamine 
or with the anhydrides of dibasic acids, but the products are brittle. The 
brittleness is not overcome by the use of plasticizing curing agents, such as 
tetrapropenyl succinic anhydride. The cured resins have thermal stabili- 
ties similar to those of resins based on bisphenol A. 

It is concluded that the poor mechanical properties of the cured products 
may be due to lack of diepoxy functionality in the uncured resins. 

The aut,hor thanks J. F. Marsh for preparing the di-a-naphthol and I). Forth for his 
assistance in the laboratory. 
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