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most probably due to possible interactions among compo-
nents which interrupt the orientation of macromolecules. 
All analyzing methods proved the crystallinity enhance-
ment of nanofibers upon heat treatment which can be attrib-
uted mostly to water evaporation from electrospun fibers 
structure.
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Introduction

Electrospun polyvinyl alcohol (PVA) fibers have attracted 
much attention in new growing areas such as biomedical 
and membrane [1–3]. Polyvinyl alcohol is a water soluble, 
semi-crystalline, chemically and thermally stable, hydro-
philic, fully biodegradable, nontoxic, and biocompatible 
polymer [4, 5]. In spite of clear benefits, there is a com-
mon drawback of PVA fibers related to their low mechani-
cal stiffness and disintegration in aqueous medium. To 
overcome these problems, incorporation of nanofillers as 
mechanical reinforcement and cross-linking agents for sta-
bilization against water solubility were applied [6, 7].

Having electrospun fiber diameters less than 1 µm, it is 
required to incorporate nano-scale fillers to produce elec-
trospun PVA nanocomposites. Depending on the intended 
application, nano-sized fillers such as nanohydroxyapatite 
(nHAp) [8–10], nanosilver [11], calcium carbonate [12], 
biphasic calcium phosphate [13], bioactive glass [14], gra-
phene nanosheets [15], nanoclay [16–18], carbon black 
[19], graphene oxide [20, 21], Fe2O3 [22], and cellulosic 
nanomaterials [23–25] have been successfully incorporated 
into PVA. Electrospinning of PVA nanocomposites includ-
ing two different nanofillers i.e., nanohydroxy apatite and 

Abstract This study aims to explore crystallinity varia-
tions of polyvinyl alcohol (PVA) as a result of electrospin-
ning, filler addition, and heat treatment. Pure PVA and PVA 
nanocomposite fibers containing only nanohydroxy apatite 
(nHAp) and together with cellulose nanofibers (CNF) were 
electrospun. Electrospun nanofibers were heat treated at 
180 °C for 8 h. The morphology of electrospun fibers was 
evaluated by scanning electron microscopy (SEM) while 
Fourier transform infrared spectroscopy, differential scan-
ning calorimetry, and wide angle X-ray scattering were 
used to analyze nanofibers crystallinity. Un-treated electro-
spun nanofibers were shrank and lost their porous structure 
in water, while heat treatment of nanofibers caused stabi-
lization of fibrous mats in boiling water. It was concluded 
that the crystallinity of electrospun PVA were consider-
ably reduced compared to PVA powder due to formation of 
metastable—small and/or defective crystals. Adding small 
content (1 wt%) of nHAp led to increase in electrospun 
nanofibers crystallinity. However, incorporation of higher 
content of nHAp and CNF caused reduction of crystallinity 
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