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Structure property relationships of biobased epoxy resins

Levulinic acid is produced from cellulose, the most abundant biomacromolecule on the planet, by the acid hydrolysis
of cellulose and resulting C_ sugars. Diphenolic acid (DPA) is synthesized by condensation of levulinic acid with two
equivalents of phenol. A series of bio-based epoxy monomers were prepared from diphenolic acid (DPA) by transforming the
free acid into n-alkyl esters and the phenolic hydroxyl groups into diglycidyl ethers. Increasing the chain length of DGEDP
n-alkyl esters from methyl to n-pentyl resulted in large decreases in epoxy resin viscosity (700-to-11 Pa.s). The storage modulus
of DPA epoxy resins, cured with isophorone diamine, also varied with n-alkyl ester chain length (e.g. 3300 and 2100 MPa for
the methyl and n-pentyl esters). The Young’s modulus and tensile strengths were about 1,150 and 40 MPa, respectively, for all
the cured resins tested (including DGEBA) and varied little as a function of ester length. This work demonstrates that diglycidyl
ethers of n-alkyl diphenolates represent a new family of bio-based liquid epoxy resins that, when cured, have similar properties
to those from DGEBA. Combinations of DGEDP-Me, a rigid high viscosity biobased epoxy resin, and a flexible lower viscosity
epoxy resin from cashew nut shell liquid (NC-514), provided control of the resin viscosity and important improvements in
cured epoxy resin toughness relative to the neat resins. Relative to the neat high viscosity resin, 1:1 w/w mixtures of the rigid
and flexible epoxy resin components gave increases in the impact strength and mode I fracture toughness of 136% and 66%,
respectively. The monofunctional glycidyl ether of eugenol (GE) was used as a reactive diluent for the diglycidyl ether of
DGEDP-Pe. Viscosities of GE and DGEDP-Pe are 25 MPa.s and 11 Pa.s, respectively. GE/DGEDP-Pe epoxy resins with 5, 10,
15, 20, and 30 wt % GE were analyzed for viscosity reductions, and, subsequently, cured with isophorone diamine. The glassy
modulus of cured GE/DGEDP-Pe epoxy resins remained between 2000 and 3000 MPa. The role of GE as a reactive diluent
will be discussed and a 15% loading was determined to be suitable for a vacuum infusion epoxy resin/glass composite system.
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