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Effect of nano-SiO2 on the compatibility of PVA/RSF blend

Yanhua Liu • Mei Huang • Dongdan Cai •

Jun Sun • Chuanxiang Qin • Lixing Dai •

Jianjun Wang

Received: 11 January 2012 / Accepted: 30 May 2012 / Published online: 14 June 2012

� Iran Polymer and Petrochemical Institute 2012

Abstract A series of poly(vinyl alcohol) (PVA)/regen-

erated silk fibroin (RSF)/nano-silicon dioxide (nano-SiO2)

blend films were prepared by solution casting method, in

which nano-SiO2 was obtained via sol–gel process. The

structure, properties, and morphology of the films related to

the compatibility were investigated by X-ray diffraction

(XRD), Fourier transform infrared spectroscopy (FTIR),

scanning electron microscopy (SEM), transmission elec-

tron microscopy (TEM), differential scanning calorimetry

(DSC), and thermogravimetric analysis (TGA). XRD peaks

of PVA/RSF/nano-SiO2 (1.0 wt %) blends decreased in

intensity indicated that formation of PVA and RSF crystal

lattices was hindered by nano-SiO2 particles. FTIR spec-

troscopy analysis of PVA/RSF/nano-SiO2 films confirmed

that both Si–O–C linkage and hydrogen bonding were

formed among PVA, RSF, and nano-SiO2. SEM showed

that there was no obvious phase separation in PVA/RSF/

nano-SiO2 (1.0 wt %) film although small uniform blur

particles can still be found. In addition, TEM showed nano-

particles were well dispersed through the PVA/RSF poly-

mer matrix. Besides, the observed shift in glass transition

temperatures (Tg) and improvement in thermal properties

of composite films suggested the enhanced compatibility

due to interfacial bonding and intermolecular interactions.

Therefore, these results indicated that the compatibility of

PVA/RSF was improved effectively by the addition of

nano-SiO2.
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Introduction

RSF (Bombyx mori), a protein mainly composed of glycine,

alanine, and serine, is a main component of silk. Owing to

its excellent biocompatibility, it can be used as biological

materials, such as sutures, tissue scaffolds, biosensors, cell

culture media, and drug delivery materials [1–4]. At the

same time, RSF also have some disadvantages, for exam-

ple, it cannot be used directly for its hard and brittle nature.

However, it was reported that the disadvantages can be

improved by blending with a lot of natural or synthetic

polymers [5–8]. Among these polymers, PVA is a good

selection because it is water soluble, degradable, biocom-

patible, and easily fabricated [9–11].

Unfortunately, compatibility of PVA and RSF is not as

good as expected, which is attributed to phase separation at

microscopic and macroscopic levels since fibroin mole-

cules aggregate and entangle by themselves in aqueous

solution owing to their large number of hydrophobic amino

acid groups [12, 13]. Formic acid used as a solvent for silk

fibroin could partially enhance their compatibility since

fibroin molecule chains can fully extend because of the

charge repulsion effect [14]. It was suggested that the

addition of a compatilizer was a good choice to improve

their compatibility.

In the previous paper, glycerol was added to PVA and

RSF aqueous solution improving their compatibility to

some extent [15]. In recent years, nanotechnology has

become increasingly an effective way to improve blend

structure and properties, for example, nano-SiO2 helps in

increasing compatibility of immiscible polymer composite.
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