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A B S T R A C T

This study investigates the thermomechanical properties and interfacial adhesion of novel in-situ polymerized 
anionic polyamide 6 (aPA6) composites reinforced with basalt fibers (BF). The impact of different BF surface 
states - as-received (BFa), ethanol-washed (BFw), and thermally desized (BFu) − on composite performance is 
examined through a comprehensive approach. For the first time, anionic PA6/BF composites with very low 
residual monomer content were successfully produced via thermoplastic resin transfer molding (tRTM). The 
PA6/BFw composites exhibited the highest interlaminar/interfacial shear strength in short beam shear test (52 
± 8 MPa) and fiber push out test (34 ± 11 MPa) tests. Fiber microdebonding test, performed only on PA6/BFw, 
yielded a low interfacial shear strength (12 ± 4 MPa), which was attributed to droplet porosity resulting from 
concurrent polymerization and crystallization. Thermal desizing significantly deteriorated interfacial strength 
(19.6 ± 1.2 MPa in short beam shear test). This multi-technique characterization provides insights into opti
mizing the fiber–matrix adhesion in these advanced thermoplastic composites.

1. Introduction

Reactive thermoplastics, in which a reactive mixture of monomers 
and catalysts is transferred into a mold where polymerization occurs, 
have gained considerable attention because of their numerous advan
tages over conventional thermoplastic and thermosetting systems [1,2]. 
Unlike traditional thermoplastics, the low viscosity of the reactive 
mixture allows it to effortlessly infiltrate dry reinforcements to produce 
near-net-shape components with fast processing times and an enhanced 
filler/matrix interfacial interaction [3,4]. Unlike thermosets, reactive 
thermoplastics can be reprocessed, post-thermoformed, and recycled 
and exhibit superior impact resistance, toughness, and damage toler
ance, making them well suited for demanding structural applications 
[5–7]. Among the most promising reactive thermoplastics is anionic 
polyamide 6 (PA6). PA6 has garnered significant interest for use in 
composites owing to its good mechanical properties, chemical resis
tance, and thermal stability. The byproduct-free, anionic ring-opening 

polymerization (aROP) process of ε-caprolactam (ε-CL) in the presence 
of continuous reinforcements offers the aforementioned advantages over 
conventional melt processing techniques, as well as the potential for 
enhanced thermomechanical properties [8]. The aROP process occurs at 
a temperature well below the melting point of PA6 (~221 ◦C), resulting 
in a polymer with a low content of low-molar-mass portions and high 
crystallinity degree [9,10].

Among the available reinforcing fibers that can be combined with 
anionic PA6, basalt fibers (BFs) have emerged as a promising rein
forcement in composite structures thanks to their exceptional mechan
ical and chemical properties [11,12]. BFs, derived from molten basalt 
rock, exhibit high tensile strength (~2.8 GPa), excellent thermal sta
bility (− 200 ◦C/600 ◦C), and remarkable resistance to corrosion and 
chemical degradation. With a density comparable to that of glass fibers 
(~2.7 g/cm3) and a higher elastic modulus (90 GPa vs. 76 GPa), basalt 
fibers offer an attractive balance between performance and cost- 
effectiveness [13–15]. Furthermore, their natural origin and eco- 
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