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The  growing  demand  for  sustainable  advanced  materials  motivates  the 
development  of  reprocessable  crosslinked  polymers  via  accommodating 
polysulfide  chains  into  the  crosslinked  network  thereby,  combining  high 
performance with repairability. In this work, we present a synthesis of latent 
reactive adhesive based on nucleophile mediated, thermal assisted ring opening 
copolymerization of cardanol based benzoxazine (CAR-apd) and elemental sulfur 
thereby  yielding  poly(benzoxazine-co-sulfur)  crosslinked  network.  Unlike 
conventional  polybenzoxazines  which  contain  only  permanently  cross  links, 
copolymerization with sulfur incorporates reversible sulfur-sulfur  linkages that 
endow  the  material  with  vitrimer  like  behavior.  The  copolymerization  was 
conducted at 135 ˚C, a temperature markedly lower than the ceiling temperature 
for polymerization of sulfur (159˚C). These copolymers were further analyzed 
using  structural,  thermal  and  mechanical  characterizations.  Furthermore, 
through this work, the impact of  sulfur content on the crosslinking density, 
relaxation behavior and  adhesion strength of copolymers has been studied 
through  comparative  analysis  of  surface  energy  measurements,  swelling 
experiments, dynamic mechanical analysis, and lap shear test. Surface energy 
measurements confirm good wettability on stainless steel substrates, supporting 
strong interfacial adhesion. Among all, poly(CAR-apd-S1) was further studied for 
rheological analysis exhibiting relaxation time of 27 s at 90 ˚C with activation 
energy  for  sulfur-sulfur  exchange  of  66.2  kJ/mol.  Based  on  known  sulfur 
chemistry, a plausible mechanism for the synthesis of copolymers is proposed, 
resulting into adhesive which  combines the intrinsic mechanical and thermal 
stability  of  polybenzoxazines  with  the  dynamic  covalent  chemistry  of 
polysulfides, offering a high performance, latent reactive adhesive that utilizes 
industrial sulfur waste.
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