Response surface optimization of electrospun polyacrylonitrile/hydroxyapatite nanocomposite fibers for biomedical applications
Ibrahim M.
PhD student, 1st course
National University of Science and Technology MISiS, Moscow, Russia
E-mail: m2213544@edu.misis.ru
Electrospinning is a unique technique capable of producing porous nanomaterials suitable for biomedical applications, such as hemostatic wound dressings and tissue engineering [1, 2]. In this study, polyacrylonitrile (PAN) solutions were prepared in dimethylformamide (DMF) at a concentration of 11 wt%. To enhance the biocompatibility of PAN and improve its biomedical properties, nano-sized hydroxyapatite (HAP) powder was added to the solution at different ratios and the mixture was electrospun.
To obtain a nanofibrous mat with high porosity and adequate mechanical properties, it is desirable to minimize the resulting fiber diameters. Preparation parameters were optimized using Response Surface Methodology (RSM) with Design-Expert software. The parameters investigated included HAP concentration, applied high voltage (HV), and the distance between the spinning needle and the collector (D). The software indicated the optimal conditions for the smallest fiber diameters to be: HAP concentration = 11.5 wt%, HV = 20 kV, and D = 18 cm. The predicted average fiber diameter was 250 nm; the actual average diameter, measured from scanning electron microscopy (SEM) images, was 257 nm, demonstrating successful optimization.
The electrospun PAN/HAP mat produced under the optimal conditions was characterized by contact-angle measurement, porosity measurement, and in vitro cytotoxicity testing. The mat exhibited high porosity (≈79%), and contact-angle measurements showed that the PAN/HAP nanocomposite mat was more hydrophilic than the neat PAN mat. The high hydrophilicity and porosity enable the nanocomposite mat to absorb wound exudate and reduce the risk of wound dehydration when used as a dressing [1, 3]. This is a critical property since both dehydration and excessive moisture can impair healing. In vitro cytotoxicity testing showed 93% cell viability after 72 hours. This performance is attributed to the presence of biocompatible HAP and indicates that the material is a promising candidate for wound-dressing and tissue-engineering applications.
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