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(INVITED) Structure-property relationships in electrospun fibre webs  

G C Rutledge  

Massachusetts Institute of Technology, USA 

Electrospun fibre webs are widely used as thin sheets characterised by high porosity, small fibre diameter, and 
varying degrees of fibre alignment within the sheet.  Applications range from microfiltration to nanocomposite 
engineering to tissue engineering.  In all of these applications, not only the properties of the fibres themselves, but 
also their organisation within the web are essential to performance.  Because of their small diameters, these novel 
fibres have been attributed with a number of unusual mechanical properties, for example. Assemblies of 
electrospun fibres exhibit responses that are often ignored or overlooked in more conventional fibrous materials.  In 
this talk, we explore some of these unusual properties of the individual fibres, and their ramifications for the fibre 
assembly and subsequent applications.  Using a combination of experiments and modeling, some of the 
distinguishing features of electrospun fibres are identified and quantified, so that their impact on form and function 
of the assembly in use can be understood and controlled. Tensile, compressive and electrical properties are 
analysed with respect to both fibre and web structure.  In applications where fluid flows are involved, we show that 
compressibility of the membrane has significant impact on observed behaviour.  Finally, we present the results from 
a direct and quantitative analysis of structure in nonwoven fibre webs using three-dimensional imaging. 
 
 

Low-voltage (sub-100 v) continuous electrospinning as a robust technique for bio-interface patterning  

X Li, Z Li and Y Y S Huang  

University of Cambridge, UK 

With growing demands for tailored cellular microenvironments in bioengineering, there is tremendous potential in 
combining nanotechnology and new biomaterial fabrication techniques to construct the defined biochemical and 
physical inputs of an extracellular matrix (ECM). However, fabricating biointerface geometries in a scalable and 
adaptable manner remains a challenge that critically limits the translation of interface engineering for use in day-to-
day cell culture study. Here we introduce a new electrospinning patterning technique, low voltage continuous 
electrospinning writing (LV-cEW), to directly “print out” designed biomimetic fibril structures with extreme low 
applied voltage. In particular, the fibril resolution can be tuned crossing three orders of magnitude, from 100nm to 
hundreds of microns. This technique can be applied to a wide range of materials, including proteins such as gelatin, 
biodegradable polyesters and various synthetic polymers. Especially, it enables continuous deposition of volatile 
inks by utilising a jet initiation mechanism. Furthermore, LV-cEW can be performed on a variety of material 
substrates with conducting or insulating nature, from pre-fabricated structures such as PDMS to hydrogels pre-
casted with microchannels. Comparing to conventional electrospining methods with operation voltages exceeding 
1kV, LV-cEW enables low operation voltages of typically sub-100V which permits direct printing of charge-sensitive 
materials and bio-elements such as cells and bacteria. It also enables the design of well-ordered 3-dimensional 
nano-micro fibrous construction. The LV-cEW technique reported here illuminates new pathways for incorporating 
well-defined ECM-like structures within microfluidic devices, further extending to applications in tissue scaffolds and 
organ-on-chips. 
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Reusable bio-integrated electrospun fibrous webs for water cleaning purposes  

O F Sarioglu1, N O S Keskin1, A Celebioglu1, T Tekinay2 and T Uyar1 

1Bilkent University, Turkey, 2Gazi University, Turkey 

Electrospinning is a higly promising technique for nanofibre/nanoweb production since it is simple, tuneable, 
versatile and cost-effective. Electrospun fibrous webs exhibit unique properties such as high surface to volume ratio 
and nanoscale porosity, hence they are promising for environmental applications as filtering and membrane 
materials. The integration of electrospun fibrous webs with specific bioremediating microorganisms can 
functionalise the webs for the filtration and purification purposes. In our recent studies, electrospun polymeric 
fibrous webs were found to be suitable matrices for immobilisation of microorganisms. In one study, we achieved 
efficient ammonium removal from aquatic environments by immobilisation of an ammonium oxidising bacterial 
strain, Acinetobacter calcoaceticus STB1, on electrospun cellulose acetate (CA) nanofibrous webs. Bioremediation 
of a common anionic surfactant, SDS (sodium dodecyl sulfate), was achieved by bacteria immobilised electrospun 
CA nanofibrous webs, thorugh the immobilisation of Serratia proteamaculans STB3 and Achromobacter 
xylosoxidans STB4 cells. Cr(VI) remediation was also achieved through the immobilisation of a Cr(VI) reducing 
bacterial strain, Morganella morganii STB5, on electrospun polystyrene and polysulfone fibrous webs. For the 
removal of textile dyes, three types of bacteria (Aeromonas eucrenophila, Clavibacter michiganensis and 
Pseudomonas aeruginosa) immobilised on electrospun CA nanofibrous webs for the removal of methylene blue dye, 
and microalgal cells (Chlamydomonas reinhardtii) immobilised on polysulfone nanofibrous webs for the removal of 
reactive dye. In addition to the high efficiency of microorganism immobilized fibrous webs for remediation of 
different contaminants, their reusability makes them promising candidates for continuous remediation of 
contaminated water, which was observed in all of these studies. In short, our achievements reveal that bacteria 
immobilised electrospun fibrous webs could be quite applicable for water cleaning purposes due to their efficiency, 
versatility and reusability. 

Acknowledgements: The Scientific and Technological Research Council of Turkey (TUBITAK, project #114Y264) is 
acknowledged for funding the research.  
 

Using LV-cEW, Figure a shows 
the capacity to fabricate 
fibrous structures from 100 
nm to hundreds of microns; 
and Figure b demonstrates a 
3D fibrous device. Figure c is 
a study about the direct 
printing bacteria using low 
voltage electrospinning. 
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A Lagrangian coarse-grained model of viscoelastic jets for electrospinning simulations  

M Lauricella, G Pontrelli, D Pisignano and S Succi  

IAC-CNR, Italy 
 
The production of nanofibres has became one of the most attractive topic due to the broad number of promising 
applications including filtration, textile, medical, electrical, and optical. Nowadays, the electrospinning technique is 
largely employed on industrial scale for the production of nanofibres. In this process, an electrical field stretches a 
polymeric liquid droplet away from a nozzle towards a conductive collector. Hydrodynamic perturbations in the 
experiment, as well as mechanical vibrations at the nozzle, usually misalign the jet axis, leading the fluid jet into a 
region of chaotic bending instability. Consequently, these instabilities play an important role for nanofibre quality, 
since the jet path length between the nozzle and the collector increases, and the stream cross-section is further 
decreased along the way. 

Following the approach of Reneker et al.[1], we present a Lagrangian coarse-grained model, where the liquid jet is 
modelled as a series of charged beads, connected by viscoelastic springs. By this model, we probe the effects of 
the dissipative air drag force combined with the other main forces (Coulombic, electrical viscoelastic, etc.) on the jet 
dynamics. In particular, based on experimental observations, we have included a Brownian noise to account for 
dissipative air drag effects, obtaining a nonlinear Langevin-like stochastic differential equation, which is solved by a 
modified Runge-Kutta scheme. 

We found that this perturbation force changes significantly the dynamics of the jet, by reducing its uni axial 
elongation at the early stage, and opens new perspectives to control the efficiency of the process and the quality of 
the spun fibres[2]. Furthermore, encompassing these efforts, we delivered, along with the overall model, a detailed 
algorithm and the corresponding FORTRAN code, JETSPIN, specifically designed to simulate the electrospinning 
process under a variety of different conditions and experimental settings[3].  
 
[1] Reneker, D. H., Yarin, A. L., Fong, H., Koombhongse, S. (2000), Bending instability of electrically charged 
 liquid jets of polymer solutions in electrospinning, Journal of Applied  Physics, 87(9), 4531-4547.  
[2] Lauricella, M., Pontrelli, G., Pisignano, D., Succi, S. (2015), Nonlinear Langevin model for the early-
 stage dynamics of electrospinning jets, Molecular Physics, online.   
[3] Lauricella, M., Pontrelli, G., Coluzza, I., Pisignano, D., Succi, S. (2015), JETSPIN:  a specific-purpose
 open-source software for simulations of nanofiber electrospinning, Computer Physics Communications, 
 online. 
 
 

High throughput coaxial electrospinning to generate efficient heat storage materials  

J M Lagaron  W Chalco and M J Fabra  

IATA-CSIC, Spain  

High throughput multiaxial electro-hydrodynamic processing technologies comprising electrospinning and 
electrospraying techniques have emerged as versatile plastic processing methods to produce highly functional 
nanostructured materials.  

In this presentation, different Phase Change Materials (PCM) were developed and encapsulated by electrospinning 
inside a number of polymers such as polycaprolactone (PCL), polystyrene (PS), high-impact polystyrene (HIPS), 
etc. in order to develop efficient subambient thermal energy storage systems for, among other, food superchilling 
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and refrigeration wall applications. Different solvents and electrospinning injection configurations were screened to 
optimise the materials performance which were seen to strongly affect the properties of the obtained structures in 
terms of morphology, heat storage capacity, supercooling degree and thermal behavior. As a result, solvents with 
different physicochemical properties (dielectric constant, viscosity, solubility, etc.) were mixed in optimised ratios to 
yield optimum performance materials. Some of these materials were scaled up in cooperation with companies to 
generate both tray pads and insulating wall foamed articles which were successfully trial in the applications.  
 
 
Functional electrospun membranes  

G M Ognibene, A Latteri, M E Fragalà, S Mannino and G Cicala  

University of Catania, Italy 

Concept 
The present paper is focused on the development of novel functional materials based on the use of hierarchal 
structuring. Functional nanowires are grown on the surface of electrospun nanofibre to maximise the active surfaces 
while keeping high permeability to ensure full contact with reagents. 

Motivations and Objectives 
Membranes for filtration used nowadays are mostly based on mechanical filtering. However, in some applications it 
is needed to have an active filtration effect with chemical removal of toxic substances. The present work aims to 
combine the permeability properties of electrospun membranes with the efficient chemical activity of oxide 
nanowires. Different grown methods are evaluated to overcome cost limitation for foreseeable industrial scale up. 

Results and Discussion  
Polyethersulphone(PES) was selected as basic polymer for membrane production because of its widely accepted 
use in the membrane field1. Electrospinning was performed on a laboratory scale machine. The polymer was 
dissolved at room temperature in DMF:Toluene 1:1. The polymer solution was electrospun at 21 kV with a constant 
flux of 30µl/min. The resulting membrane was free of beads (Fig.1a) and the average fibre diameter is ~ 700 nm 
and an average porosity of 90%.  

ZnO nanorods were grown onto the PES nanofibre’s surface by chemical bath deposition (CBD). Firstly the 
electrospun fibres were immersed in a solution of Zn(Ac)2·2H2O (0.5M) and stirred for 3h and dried at 110° C to 
create the seed layer required for the following CBD growth. This second step uses aqueous solution of Zn(Ac)2·2H2O 
and Ethylenediammide (EDA) at 80°C. 

The resulting hybrid membrane was characterised by SEM analysis (Fig.1b). It was fully covered with ZnO nanorod 
that are characterizsd by photocatalytic activity.  
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a) PES Electrospun membrane 

 
 b) Active PES Electrospun membrane 
 

 
Fig.1 Comparison between electrospun membrane (a) and functionalised membrane (b) 
 
[1]  M. Rabiller-Baudry et al. / Separation and Purification Technology 147 (2015) 62–81 

 
 
Fibre volume ratio in sub-micron fibre reinforced composites via coaxial electrospinning  

A Wooldridge, K Kirwan and S R Coles  

University of Warwick, UK 
 
Fibres are used as reinforcement in materials because the smaller the cross sectional area results in strength closer 
to their theoretical maximum. Fibre mats akin to commercially available pre-impregnated fibres (pre-preg), used in a 
wide range of industrial applications, can be produced by coaxially electrospinning polymers. By carefully choosing 
polymers with different melting points, the fibre mat can then be heated to only melt the shell polymer, forming a 
matrix around the core polymer. Polylactic acid (PLA) and polycaprolactone (PCL) were used as they are both 
biodegradable, allowing for a completely biodegradable composite to be made. PCL was used as the sheath 
polymer due to its low melting point of 60°C, compared to PLA, 160°C.  

Work has been conducted to investigate how the tensile properties of the composite are affected by the volume 
percentage of fibres, and has been concluded that 0.75 fibre volume provided the best tensile properties. At this 
fibre volume fraction, tensile strength is at its highest, the Young’s modulus is comparable to that at higher fibre 
content, and a good degree of toughness is maintained compared to the higher fibre volume composites. This 
shows that coaxial electrospinning can be an easy way to produce thermoplastic fibre reinforced composites with 
accurate fibre volume ratios, and with 0.05 – 0.10 higher fibre volume fractions than traditionally produced 
thermoset composites. This is due to the matrix being prepositioned around the fibres by the coaxial 
electrospinning, so that molten matrix does not need much flow through the fibres, leaving a composite with good 
distribution of fibres, and low void content. 
 
Further work is being done to explore how the tensile properties of the composite are affected by the composite 
forming process (by varying temperature and pressure), and using a layering method to compare with the coaxial 
process.  
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Humidity as an electrospinning parameter to spin smooth, porous and various porosities   

M Simonet1,2, M Putti2, R Solberg1, G Peters2, C W J Oomens2, A Driessen-Mol2 and F P T Baaijens2  

1IME Technologies, The Netherlands, 2Eindhoven University of Technology, The Netherlands  

Insufficient reproducibility is a big issue in electrospinning. Not only it is more cumbersome to do and -not to forget- 
reproduce research, it also limits the success rate of bringing products to the market. One of the main causes for the 
reproducibility problems are changes in the environmental electrospinning conditions. Already in 2002 Megelski et 
al. [1] reported the influence of relative humidity on the fibre surface characteristics. Building up on this finding, we 
show that the relative humidity in the spinning chamber not only allows adjusting fibre surface characteristics it also 
can be used to influence the complete mesh architecture.  

As reported by Megelski, with increasing relative humidity the fibre surface changes from smooth to porous. We 
show that the shape of these induce pores can influence the choice of the selected polymer solvent. Hence with a 
climate controlled electrospinning equipment one can actively and reproducibly choose to spin fibres with various 
surface roughness. This is especially useful for application in tissue engineering, where surface roughness plays a 
prominent role in cell behaviour[2].  
 
Another challenge using electrospun scaffolds in tissue engineering is the limited cell ingrowth due to the small 
interfibre void spaces. Using a low-temperature drum as a target, humidity can also be used to drastically increase 
the porosity in electrospun meshes. Low temperature electrospinning (LTE) increases the fibre to fibre distance by 
embedding ice particles, from crystalliing humidity, as void spacers during fibre deposition[3]. The amount of void 
space gain can be adjusted by varying the fibre stiffness up to a 20-fold increase.  
 
Hence, controlling environmental parameters, mainly the relative humidity, during the electrospinning process does 
not just help in reducing variability of results, it can be used as a tool define and refine the electrospun mesh 
structure. 

[1] S. Megelski et al., Macromolecules 2002, 35, 8456-8466 
[2] C. Xu et al., J. Biomed Mater. Res. A, 2004, 71, 154-161 
[3] M. Simonet et al., J.Mater.Chem.B, 2014, 2, 305-313  

 
 
A new two-step process for defect-free polyaniline nanofibres   

R Castagna1, R Momentè1, G Pariani2, G Zerbi1, A Bianco2 and C Bertarelli1,3   

1Politecnico di Milano, Italy, 2Istituto Nazionale di Astrofisica, Italy, 3PoliMi, Istituto Italiano di Tecnologia, Italy 

Homogeneous and defect-free emeraldine salt PANI nanofibrous membranes consisting of a Nylon 6 core and a 
polyaniline (PANI) sheath are produced by means of electrospinning combined with template polymerisation. In 
particular, a new two-step process is proposed: a solvent-induced segregation of the polymer precursor (i.e. N-
phenyl-1,4-phenylenediamine, ADPA) on the fibre surface during the electrospinning process followed by an 
oxidative surface polymerisation onto the wire-shaped template[1]. The control over the process resulted to be 
excellent, providing homogeneous fibers which maintained the same morphology during the polymerization step. 
Comparison between mats obtained with solvent-induced segregation process and classical feed solution 
electrospinning is highlighted. As a result, self-standing emeraldine base PANI (EB) membranes are produced as 
versatile substrates both in this pristine state and in a doped emeraldine salt state (ES). Different oxidation salts are 
tested both as additives of the spinning solutions and in the polymerisation bath, and the polymer doping is carried 
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out in different acid baths to highlight different doping efficiency. The interest towards PANI fibrous mat refers to the 
reversible conductivity between EB end ES states, together with an excellent environmental stability. These features 
open the possibility to apply these mats as conductive substrates in organic electronics and biomedical 
applications.  
 

 
 

   Figure 1: Flow chart of the experimental process carried out on Nylon 6 and segregated ADPA blend. As 
   a result, homogenous and defect-free emeraldine salt PANI  nanofibrous membranes are demonstrated. 

 
[1]  Castagna, R.; Momentè, R.; Pariani, G.; Zerbi, G.; Bianco, A.; Bertarelli, C. Highly Homogeneous Core-
 sheath Polyaniline Nanofibers Obtained by Polymerisation on a Wire-Shaped Template. Polym. Chem. 
 2014, 5, 6779-6788. 

 
 
(INVITED) Melt electrospinning writing  

P Dalton  

University of Würzburg, Germany 

Considering the complexity of the structure and the organisation of the natural tissues, a major challenge in tissue 
engineering applications is to produce three-dimensional (3D) structures that are anatomically accurate. 
Consequently, there has been a significant effort in developing techniques to manufacture substrates with a defined 
organization, however resolutions remain limited. Melt electrospinning writing is an additive manufacturing process 
that electrostatically stabilizes a molten thread, placing it accurately onto a collector. It can generate organized 3D 
scaffolds with a precise and predictable layer-by-layer deposition with finely resolved fibres. This solvent-free 
approach provides a pathways to clinical products while addressing the need for 3D architecture requirements for a 
variety of tissue engineering applications.  
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Understanding the local orientation of cellulose nanocrystals in electrospun polymer fibres  

N D Wanasekara1, R P O Santos1,2, C Douch1, E Frollini2 and S J Eichhorn1  

1University of Exeter, UK, 2University of São Paulo, Brazil  

Cellulose nancrystal (CNC) reinforced poly(vinyl alcohol) (PVA) and polystyrene (PS) nanofibres were successfully 
produced by electrospinning. Influence of electrospinning conditions on local orientation of CNCs is vital to design 
and exploit functional properties. Transmission Electron Microscopy (TEM) and Raman spectroscopy were utilized to 
examine the orientation of CNCs in electrospun fibres. Raman spectroscopic analysis of electrospun fibres showed 
evidence for a lack of orientation of CNCs along the direction parallel to the axis of the fibres. TEM images of 
polymer fibres confirmed the random orientation of CNCs in PVA fibres with local regions of oriented CNCs in the 
cross section and a few CNCs oriented along the axis of the fibre. The strong electric fields and confinement effect of 
fibres may not necessarily induce full orientation of CNCs. These observations are further supported by a 
comparison of mechanical data from previously published work and theoretical calculations.  

 

 

 
 
 
 
 
 
 
 

Figure 1. (left) TEM image showing the orientation of CNCs in PVA/CNC 10 wt% (right) Polar plots of the Raman 
band located at 1095 cm-1 as a function of rotation angle of the polarisation with respect to the fibre axis for 
PVA/CNC 10 wt%. (1)  

[1]  N.D. Wanasekara, R. P.O. Santos, C. Douch, E. Frollini, S. J. Eichorn, Journal of Material Science, in press, 
 D0l 10.1007/s10853-015-9409-y 
 
 

Exploring the gas sensing response of electrospun polyaniline nanofibres: A low-cost, low-power and sensitive 
hydrogen sulfide gas sensor   

S Mousavi1,2, K Kang1,2, J Park1,2 and I Park1,2  

1KAIST, Republic of South Korea, 2Mobile Sensor and IT Convergence (MOSAIC) Center, KAIST, Republic of South 
Korea 

A novel toxic gas sensor based on polyaniline-polystyrene (PAni-PS) nanofibers doped by camphorsulfonic acid 
(HCSA) is developed. The response of the sensor to a common toxic gas, hydrogen sulfide (H2S), is experimentally 
tested. H2S gas causes respiratory failure at 200 ppm and has a permissible exposure limit of 20 ppm[1]. The sensor 
was fabricated by a simple and low-cost procedure. First, finger electrodes were fabricated on two types of flexible 
and cheap substrates, polyimide and paper, by e- beam evaporation and screen printing techniques, respectively 
(figure 1). Afterwards, paper and polyimide films were directly placed in front of the syringe needle of the 
electrospinning setup and high quality nanofibres were deposited directly on them. Several parameters can affect 
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the morphology and sensitivity of polyaniline nanofibers. These parameters include molecular weight and 
concentration of PAni and polystyrene (PS) in the solution, dopant’s concentration, type and volume of the primary 
and secondary solvents, and environmental parameters (the most important one is relative humidity). By testing the 
effect of environmental and processing parameters on the morphology (to provide highest surface to volume ratio) 
and sensitivity of the nanofibers to H2S, we reached an optimised recipe that yields high quality doped PAni-PS 
nanofibres with high sensitivity and superior recovery after exposure to H2S gas. SEM images and Energy Dispersive 
Spectroscopy (EDS) analysis result of the nanofibres are shown in figure 2. Although previous sensors based on 
polyaniline thin films/fibres showed good sensitivity to relatively high concentrations of H2S gas, they showed no or 
very poor recovery[2, 3, 4]. The current sensor shows high sensitivity and almost full recovery after exposure to different 
concentrations of H2S gas and it also shows a detection limit of 1 ppm. This detection limit was not reported before 
for doped/dedoped polyaniline gas sensors. The gas sensing test result is shown in figure 3. The sensor’s average 
response and recovery time are 120 and 250 seconds, respectively. And it shows 10.5, 26.2 and 33.7% sensitivity 
to 1, 5 and 10 ppm of H2S gas, respectively. Simplicity of the synthesising method, together with the cheap and 
flexible substrates provide a low-cost and room temperature H2S gas sensor that is unique in terms of sensitivity, 
detection limit and recovery time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
 
[1]  Virji, S., et al., ACS Symposium Series, Volume 980, 2007, pp. 101-116. 
[2]  S. H. Hosseini, et al., Iranian Polymer Journal, 14 (4), 2005, pp. 333-344. 
[3]  J. Sarfraz, et al., Thin Solid Films, 534, 2013, pp. 621–628. 
[4]  IEEE Sensors Journal, Volume 12 (6), 2012, pp. 1973-1978 

 
 

Estimation of polymer stretching degree arising during electrospinning   

A Arinstein1, M Burman2, G Vasilyev2, and E Zussman2  
1Technion−Israel Institute of Technology, Israel, 2Université d’Évry Val d'Essonne, France  

It is commonly accepted that polymer matrix inside of electrospun nanofibres is at non-equilibrium state. Such a 
non-equilibrium microstructure formed during the electrospinning process, is characterised by a high stretching rate 
and rapid evaporation. In spite of the fact that the formed stretched polymer structure can partially relax due to 

 
 

Figure 1: Flexible sensor platforms, (right: 
gold electrodes on polyimide, left: 
conductive carbon electrodes on paper)  

 
 

Figure 2: SEM image along with   Energy 
Dispersive Spectroscopy (EDS) analysis of 
nanofibers (which were coated with 
platinum prior to doing EDS) 

 

 

 

Figure 3: Gas sensing test result. The 
tests were conducted in air 
environment. Y axis is normalised 
relative to R0 (resistance in air) 
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some residual solvent, the final state of polymer nanofibres remains noticeably stretched. It is clear that the 
stretching of polymer macromolecules is accompanied by increasing their orientation. In order to characterise the 
stretched state of polymer macromolecules, several research groups measured the molecular orientation via, 
birefringence, Raman spectroscopy, etc[1]. But unfortunately the interpretation of these results can be ambiguous. 
The point is that stretched macromolecules should demonstrate some orientation, while an orientational ordering 
can also be observed even in non-stretched systems, for example, in liquid crystals. In spite of that, there are no 
doubts that the molecular orientation, observed in the above measurements, is related to the polymer matrix 
stretching. Nevertheless, direct measurements (or even estimation) of a stretching degree is still demanding.  

An experimental procedure allowing one to estimate the stretching degree in TPU (thermoplasic polyurethane) 
segmented block-copolymer electrospun nanofibres, is proposed. The estimation method is based on the 
phenomenon that upon heating, nanofibre, as well as pre-stretched films began to massively contract2 (see Fig. 1). 
 

 
 
 
Fig. 1. Contraction phenomena in TPU cast film after 
high-temperature stretching for different time period at 
90°C.  

Fig. 2. Contraction of single electrospun nanofibres at 
63°C for fiber at 1.14 (1) and at 1.81 (2) kV/cm.  

The comparison of the contraction kinetics of single electrospun fibres (see Fig. 2) and pre-stretched films (see Fig. 
2, the final stage after 60 min) allows us to estimate the stretching degree of electrospun nanofibres.  

[1] M. Richard-Lacroix and Ch. Pellerin. Macromolecules 46, 9473, 2013.  
[2] D. Alhazov, M. Burman, A. Arinstein, and E. Zussman. Journal of Polymer Science. Part B: Polymer Physics 
 53, 1254, 2015.  
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(INVITED)  Cell electrospinning  

S Jayasinghe  

University College London, UK 

The drawing of fibres between two electrodes has been investigated for almost a century. This technology, namely 
electrospinning has been utilised for a wide range of applications where its fibres, scaffolds and membranes have 
been exploited in both the physical and life sciences. That being said in the life sciences, generated fibres, scaffolds 
and membrane have limited utility as the deposited fibres giving rise to the formed scaffolds and/or membranes 
form very small pores, so much so that they inhibit cell infiltration. This significantly limits their exploration as 
scaffolds, which could be used for regenerative medicine. In 2005 Jayasinghe et al., demonstrated that it was 
possible to mix cells with a biocompatible polymer and electrospin this living composite material from which cell-
bearing scaffolds could be generated. These initial studies have now been followed by in-depth genetic, genomic to 
physiological level studies together with in-vivo investigations which have elucidated the ability to form scaffolds of 
a wide range of complex architectures without any limitations of cellular infiltration to the ability to form true 3D cell 
laden scaffolds without compromising the cells, and further having no rejection post transplantation into a wide 
range of animal models. The presentation will introduce and discuss cell electrospinning while finally demonstrating 
its wider applicability to regenerative biology and medicine.  

*The author gratefully acknowledges the Royal Society in the UK for funding these studies. 

 
 
The use of electrospun nanofibres in biomedical engineering   

T Kowalczyk1, K Cwiek1, O Urbanek1, B Noszczyk2, E Zabost3, J Adamowicz4, A Jundzill4, T Kloskowski4,  
M Pokrywczynska4 and T Drewa4  
1Polish Academy of Sciences, Poland, 2Medical Centre of Postgraduate Education, Poland, 3University of Warsaw, 
Poland, 4Ludwik Rydygier Medical College in Bydgoszcz, Poland  

We present recent results of our research on biomedical engineering application of electrospun nanofibres. We used 
nanofibres as: wound dressing, drug delivery and in the tissue engineering of urinary bladder wall and ureter.  

We produced anti-adhesive wound dressings prepared from electrospun Human Serum Albumin (HSA). The protein 
was electrospun in a native form from water solution, hardened in a body temperature and kept its native, anti-
adhesive properties. The material structure was strengthened by additional layer of a biodegradable polyester (PLC). 
Mice tests proved good biocompatibility and resorption of HSA layer up to 16 days, depending on its thickness. We 
are searching for a commercial partners to carry on the project to the clinical phase.  

We produced a novel drug delivery system based on a gold nanoparticles complexed with anti cancer drug, both 
suspended in an electrospun nanofibres. The system is aimed as internal wound dressing to be used after tumor 
resection. Drug delivery is to be triggered by residual cancer cells. In vitro tests showed system activity against 
HeLa, Insulioma and Glioma cells.  

We produced electrospun materials to be used in tissue engineering of urinary bladder wall that was resected during 
a cancer treatment. Material was aimed to limit scar tissue formation and form functional tissue. We tested 
electrospun matrix of unseeded PLC, multi-layered matrix of directed PLC fibres seeded with Adipose Derived Stem 
Cells (ADSC) and matrix enriched in amniotic membrane, seeded with ADSC. The best results we obtained for 
material with amniotic membrane. The material showed good biocompatibility, formed neobladder and triggered 
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angiogenesis from surrounding omentum. We prepared scaffolds made of 5 layers of parallel-oriented PCL 
nanofibres to stimulate oriented growth of stem cells to form functional muscle tissue. The results were limited, 
mainly due to impaired strength of material and urinary bladder wall. The unseeded matrix of PLC was not integrated 
with urinary bladder tissue during rat tests.  

We prepared tubular scaffolds aimed for ureter regeneration. Electrospun materials gave results better than acellular 
collagen matrix. The majority of matrices were well integrated with ureter ends while others – despite being 
functional - didn’t integrate at all. Tubular nanofibrous scaffolds are prospective materials for ureter regeneration. 

Acknowledgements: The authors wishes to thank for the cooperation: P. Nakielski, T. Chmielewski, K. Zembrzycki, G. 
Mikulowski and Prof. T. A. Kowalewski from IPPT PAN.  

The project was partially supported by the National Centre for Research and Development. Grant No. 
STRATEGMED1/235368/8/NCBR/2014. 
 
[1]  Kloskowski T, Jundzill A, Kowalczyk T, ...& Drewa T, “Ureter regeneration—the proper scaffold has to be 
 defined”, PLOS One 9(8):106023 (2014). 
[2]  Noszczyk BH, Kowalczyk T, Lyzniak M,...& Pojda Z, “Biocompatibility of electrospun human albumin: a pilot 
 study”, Biofabrication 7(1):015011 (2015). 
[3]  Adamowicz J; Pokrywczynska M; Tworkiewicz J,…& Drewa T, “Is there a back door for amniotic membrane 
 to enter reconstructive urology ?” PLOS One in print 

 
 
Thermal and conducting customized properties on electrospun PS nanofibers  

N Murillo, A Perez-Marquez, A Irazusta and J Maudes  

TECNALIA, Spain 

The engineering applications of electrospun materials demand the customization of material properties, in order to 
their electrical and thermal characteristic enhancement. Engineering materials, with desirable mechanical 
properties, typically, exhibit dielectric behaviour. New materials applications, in mind of industrial manufacturers, 
request to materials new functionalities like electrical or thermal increase. New lighter materials, used in the 
transport sector, need the thermal and electrical customization of their properties to guarantee similar functions to 
metallic structures. New concept, where the flexible electronic is part of the material, need material properties 
modification. And, these properties customization is actually requested by a board number of industrial sectors; 
filtering, textiles, building and health applications as well as transport and flexible electronic mention before. 

At the present work, authors modify thermally and electrically the dielectric behaviour of polystyrene, widely used in 
the manufacture of composite, packaging, construction, medical and other consumer goods. Electrospun 
polystyrene, PS, nanofibers with MWCNTs fillers in the range of 0 and 10 wt.% were manufactured in a homemade 
electrospun needle machine. Stable PS/MWCNTs dispersions were manufactured using surfactants, and a mixture 
of solvents to avoid nanofiber defects. The nanofibres diameters were evaluated by SEM and a wide range of 
diameters were found,  ≅ 500nm – 1,5µm, due to viscosity increase when MWCNTs are added. 

Electrical resistivity, ρ, of PS/MWCNTs nanofibre composite at room temperature was measured using an 
interdigitate electrode transducer, IE, by the equation ; where, the equivalent circuit is a 
resistor connected in parallel to a capacitor. And conductivity, σ, was calculated as the inverse of the 
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resistivity . An increase of more than 10 orders of magnitude is obtained in the nanofiber composite with 
10 wt.% of MWCNTs, σ≅ 10-5Scm-1 in compare to PS conductivity, σ≅ 10-17 - 10-18Scm-1. 

To evaluate thermal behaviour, PS/MWCNTs nanofibers deposited in the IE was connected to a power supply circuit 
and the conductive nanofibers were heated using Joule effect principle, and temperature, T, was measured by a 
thermocouple. Applied voltage, V, and T changes in nanofiber composites containing 10 wt.% of MWCNTs shows in 
figure 1. Temperatures between 40ºC and 50ºC were measured and samples locally achieve temperatures beyond 
PS melting T, Tm (PS)= 240ºC. 

Customised thermal and electrical properties of polystyrene were achieved by the addition of electrical nanofillers 
on dielectric polymer. 

 
Figure 1. V and T measurement of PS/MWCNTs nanofibers composite. 
 
[1]  Shu-Hua Wang, Yong Wan, Bin Sun, Ling-Zhi Liu and Weijiang Xu. Nanoscale Research Letters 2014, 
 9:522. 
[2]  M. Ruiz-Santa Quiteria, A. Pérez-Márquez, A. Ribeiro dos Santos, J. López-Gejo, N. Murillo Hernández, G. 
 Orellana. Proceedings of 3rd Photochemical Iberian Conference. Granada (Spain), 2011. 
 
 
 
Development of electrospun fibre inserts for the expansion of stem cells in High-Efficiency-Single-Use-Bioreactors 
(HESUB) 

B Robb2,  V Chotteau1, H Hussein1, M Leino1, C Åstrand1, A Shokri1, L Al-Khalili1, Y Zhang1, K Gillner-Gertow1, O P 
Galego1, N Bates2, R McKean2, P Stobbe3, J Thilo3, C Krause4, and M Huang5  
1KTH, Sweden, 2The Electrospinning Company Ltd, UK, 3Stobbe Tech, Denmark, 4Presens Precision, Germany, 53H 
Biomedical, Sweden  

The EU-FP7 funded HESUB project combines several individual technologies from previous FP projects into one 
product that is capable of producing enough stem cells for one therapeutic treatment per day per unit. The HESUB 
product concept is a Single-Use-Bioreactor, which integrates a porous electrospun scaffold optimised for the 
proliferation of cells and a sensor package that measures a range of key parameters, and which provides cost-
efficient production of human stem cells for therapeutic treatment of a range of diseases including heart, diabetes, 
neurodegenerative diseases, musculoskeletal disorders, spinal cord injury, stroke and autoimmune diseases. 

Research at The Electrospinning Company is primarily focused on the development and optimisation of the 
electrospun fibre insert to support the expansion and maintenance of human skeletal muscle satellite/stem cells 
(SkMCs). Use of these cells for in vivo cell therapy is a promising avenue for muscle regeneration and to fabricate 
tissue engineered muscle repair constructs for the treatment of myopathies and other muscular diseases.  A range 
of synthetic biocompatible polymers and scaffold architectures (e.g. fibre diameter, porosity) have been evaluated 
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with respect to cell attachment, proliferation, expansion, differentiation and cell retrieval when employed in a 
perfusion bioreactor environment.  Furthermore, ISO13485 Certified protocols for the manufacture, processing and 
sterilisation of the scaffold inserts has been developed to facilitate a rapid translation of the technology through to 
the clinic.      
 

 
Interactions between electrospun fibres and the surrounding biological environment; cells and small molecules  

K Stephansen1, M García-Díaz2, F Jessen1, H M Nielsen2, and I S Chronakis1  
1Technical University of Denmark, Denmark, 2University of Copenhagen, Denmark  

Electrospun fibres have a large range of biomedical applications. The unique morphology makes the fibres suitable 
for e.g. tissue engineering, wound healing, and drug delivery, however the choice of material also affects the 
performance of the fibres. The use of biopolymers is highly appealing due to the excellent biocompatibility and 
biodegradability. Additionally, interactions between the biopolymeric fibres such as electrospun fish proteins (FSP) 
(Figure 1. A) and a biological system may provide beneficial effects. However, the electrospun fibers may also 
interact with the surrounding environment, such as small molecules, which can affect the fibre properties.  

The potential of using FSP fibres as a carrier matrix for therapeutic proteins has been investigated, especially 
focusing on the challenges with oral delivery. The inherent structural and chemical properties of the FSP fibres 
displayed excellent biocompatibility, yet interacted with intestinal epithelium and enzymes found in the 
gastrointestinal tract, which lead to an increased insulin transport across a Caco-2 cell monolayer to around 12% of 
the of the applied dose (Figure 1. B).  

Moreover, the insulin-loaded FSP fibres (FSP-Ins) interacted with biorelevant molecules in solution. Specifically, the 
presence of surfactants in the solution to which the FSP-Ins fibres where added affected: i) the release properties of 
insulin from FSP-Ins fibres (Figure 1. C), ii) the inner porosity of the fibres, and iii) the properties of the accessible 
fibre surface. The effects caused by the surfactants were dependent on the physico-chemical properties of the 
surfactants, such as the charge. Altogether these results indicate that the fibres interact with the surrounding 
environment; e.g. cells or small molecules. 

 
 
Figure 1. A) Scanning electron microscopy image of FSP-Ins fibres, B) transport of insulin released from FSP-Ins 
fibres across a Caco-2 cell monolayer. Data represent mean ± SD, n > 6, C) release of insulin from FSP-Ins fibres in 
MES-HBSS buffer with different amounts of taurocholate (TC). Data represent mean ± SD, n > 3.  
 
[1]  Stephansen, K.; Chronakis, I. S.; Jessen, F. Colloids Surfaces B Biointerfaces 2014, 122, 158–165.  
[2] Stephansen, K.; García-Díaz, M.; Jessen, F.; Chronakis, I. S.; Nielsen, H. M. Int. J. Pharm. 2015, 495 (1), 
 58–66.  
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[3]  Stephansen, K.; García-Díaz, M.; Jessen, F.; Chronakis, I. S.; Nielsen, H. M. Mol. Pharmaceutics, Accepted, 
 DOI: 10.1021/acs.molpharmaceut.5b00614. 
 

 
Electrosprayed β-TCP particles for biomaterial applications   

V Y Chakrapania,b, T S S Kumara*, D K Rajb and T V Kumaryb  

aIndian Institute of Technology Madras, India, bChitra Tirunal Institute for Medical Sciences and Technology, India 

Calcium phosphate ceramics (CPC) are preferred for hard tissue engineering applications. Their similarity to natural 
apatite and their superior bone bonding abilities are the reason for their popularity. The calcium to phosphate ratio 
(Ca/P) in these ceramic compounds determines their degradability and extent of similarity to naturally occurring 
apatite. As the Ca/P of these ceramics decreases their degradation rate increases. Of the known and preferred CPCs 
for biomedical applications, β-tricalcium phosphate (β- TCP) with a Ca/P of 1.5 degrades faster than 
hydroxyapatite (HA) and other calcium deficient hydroxyapatites. Production of phase pure β-TCP is not easy and 
often it is obtained in the form of biphasic calcium phosphates (a mixture of HA and β-TCP or α-TCP), BCP or 
biphasic TCP (a mixture of β-TCP and α-TCP) [1] 

In the present study a patented electrospraying technique [2] has been utilised for the production of phase pure β-
TCP particles for the first time to the best of our available literature. The synthesised particles have been 
characterised using XRD and TEM. The cytotoxicity and biocompatibility of the particles were assessed using MTT 
assay, direct contact assay and cell adhesion and proliferation studies using L-929 and HOS cell lines. The particles 
were found to be non cytotoxic and aid in the adhesion and proliferation of osteoblast like cells. The synthesised 
ceramic particles thus have potential to be used in bone tissue engineering and therapeutic drug delivery 
applications. 

 
 
 
Figure 1. A schematic of the electrospray synthesis of β-TCP and the characterizations and biological assessments 
performed 

 
[1] Sergey V. Dorozhkin “Calcium orthophosphates as bioceramics: state of the art” J. Funct. Biomater. 1, 22-
 107, 2010. 
[2] Sampath Kumar T. S., Yogeshwar Chakrapani V., Kumary T. V. “Process for producing calcium phosphate 
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 particles by  electrospraying combined with sol-gel method” Patent Application no. 3071/CHE/2015 
 19.06.2015. 
 

Fibrous wound dressings based on biopolymers and plant extracts 

N Thomas, E Mele and W Zhang  

Loughborough University, UK 

In regenerative medicine, the development of advanced systems for the efficient treatment of skin wounds is 
becoming crucial in order to face global demographic issues (ageing population, obesity and diabetes). An ideal 
biomedical device for wound care should promote the complete regeneration of the injured tissue, effectively restore 
its biological activity and aesthetic aspect, while reducing inflammation and preventing microbial invasion. The risk 
of infection is one of the main concerns in wound care, where the colonisation of the wound site by bacteria can 
negatively affect the healing process and delay it[1]. 

Here we present the development of bioactive dressings that encapsulate natural active agents with antibacterial 
activity. The composite scaffolds were produced by electrospinning acetonebased solutions of polylactic acid (PLA)2 
and essential oil of tea tree. This oil was selected for its well-known antibacterial and antifungal properties. A 
scanning electron microscope (SEM) image of the fibres containing 10% wt of tea tree oil is shown in Figure 1. The 
electrospun fibres were chemically characterised by Raman spectroscopy in order to prove the effective 
encapsulation of the oil. Tests on Staphylococcus epidermidis, a bacterium that can colonise the human skin, 
revealed that the fibres were effective in stopping its growth. 
 
The scaffolds produced have high potential in the wound healing field, because, together with antibacterial activity, 
their porosity is suitable for gas permeation, and their mechanical properties can be engineered. Furthermore, the 
mechanical flexibility of the nonwoven mat guarantees conformability to the wound site, providing protection of the 
injured tissue against external mechanical and thermal stresses. 

 

Figure 1: SEM image of electrospun fibres produced from an acetone solution of 15% w/v PLA containing 10% v/v 
tea tree oil. 

[1]  I. Liakos, L. Rizzello, H. Hajiali, V. Brunetti, R. Carzino, P. P. Pompa, A. Athanassiou, E.Mele, Journal of 
 Materials Chemistry B, 3, 1583, 2015. 
[2]  R. Casasola, N. L. Thomas, A. Trybala, S. Georgiadou, Polymer, 55, 4728, 2014. 
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Facile synthesis of core/shell ZnO/ZnS nanofibres by electrospinning and gas-phase sulfidation for protein sensor 
design  

A Baranowska-Korczyc1,2, K Sobczak1, P Dłużewski1, A Reszka1, B J Kowalski1, Ł Kłopotowski1, D Elbaum1 and 
1K Fronc  
1Institute of Physics, Polish Academy of Sciences, Poland, 2Adam Mickiewicz University, Poland  

One-dimensional (1D) ZnO nanostructures have been widely studied due to their electronic and optoelectronic 
applications. The ZnO electrospun nanofibres based devices are very promising biodetectors due to their low toxicity 
and high sensitivity at room temperature. To fabricate the biosensor, the nanofibres passivation was required 
because of ZnO low stability at biological liquids. For these applications, core/shell ZnO/ZnS nanofibres were 
synthesised by the hydrogen sulfide treatment1,2. The structural characterisation of the ZnO/ZnS nanofibres revealed 
a ZnS shell consisting of 2 nm sphalerite crystals surrounding a ZnO core of 5 nm wurtzite crystals. The conductivity 
of the nanofibres increases by three orders of magnitude after synthesis of the ZnS shell due to the passivation 
process inhibiting the effect of oxygen molecules, which capture free carriers from the ZnO nanostructures. For the 
same reason, no significant increase in conductivity was observed upon UV irradiation and the photoresponse time 
was reduced from 1500 s to 30 s.  

Synthesis of a ZnS shell on a ZnO core is an effective method of protecting ZnO nanostructures against the influence 
of a biological environment. Core/shell ZnO/ZnS nanofibres are stable in water for over 30 days and in high ionic 
strength phosphate buffers, from acidic to alkaline pH, for over 3 days. The ZnO/ZnS nanofibres were used to 
construct a protein sensor based on the biotin–streptavidin reaction. Our findings indicate that the core/shell 
ZnO/ZnS nanostructure represents a very promising building block for the fabrication of effective nanodevices in the 
near future. 

[1]  A. Baranowska-Korczyc et al. Phys. Chem. Chem. Phys., 2015,17, 24029-24037. 
[2]  A. Baranowska-Korczyc et al. Polish Patent Office – P.396364, 17.12.2014. 

The research was supported by National Science Centre (UMO-2013/11/D/ST5/02900), the European Union 
within European Regional Development Fund, through Grant Innovative Economy (POIG.01.01.02-00-008/08), 
Nation Centre for Research and Development (PBS1/A9/13/2012) and the European Social Fund 
(POKL.04.03.00-00-015/12). 

 
(INVITED)  Electrospinning as a delivery vehicle for bioactives in foodstuffs 

N Tucker1 and B Ghorani2  

1University of Lincoln, UK, 2Research Institute of Food Science and Technology (RIFST), Iran 
 
The encapsulation of bioactive compounds and probiotic bacteria within prebiotic substances to protect or even 
enhance their survival whilst passing upper gastro-intestinal tract, is an area of great interest for both academia and 
the food industries. Different methods have been suggested, examined and applied to encapsulate and dry 
probiotics and bioactive compounds, for example spray drying. However, the harsh processing conditions of these 
methods can significantly reduce the viability of bacteria or damage the structure of the target molecules.  
 
Electrospinning (and the related process of electrospraying) both show promise as a novel delivery vehicle for 
supplementary food compounds because the process can work with an aqueous solution, at room temperature and 
without coagulation chemistry to produce matrices in the micro- and nano-range.  
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The production of nanofibres (fibre diameters less than 1 µm) is a commonplace. Nanofibre materials produced by 
electrospinning have attracted particular attention in the food industry because of their potential as vehicles for 
sustained and controlled release. The room temperature process route is compatible with food grade polymers and 
biopolymers, and allows efficient encapsulation by reducing denaturation, and enhancing stability of bioactives. 
Consequently, there is clear potential to develop electrospun fibrous assemblies to advance the design and 
performance of novel products and delivery systems for supplementary food compounds. 

 
Production of omega-3 nanodelivery systems by emulsion electrospinning  

P J García-Moreno, J van der Kruijs, K Stephansen, I S Chronakis and C Jacobsen 

Technical University of Denmark, Denmark 

Marine omega-3 PUFA (EPA, C20:5n-3 and DHA, C22:6n-3) have several health beneficial effects[1]. As 
consequence, and due to the lower intake of seafood by Western populations, the production of omega-3 enriched 
food is gaining a great interest by industry. Nevertheless, lipid oxidation of these highly unsaturated fatty acids must 
be prevented in order to avoid negative effects on product quality. To this end, the employment of omega-3 PUFA 
delivery systems with improved oxidative stability and which are easy to disperse is an often used strategy. In this 
sense, electrospun nanofibres loaded with fish oil are a promising alternative to fish oil-in-water emulsions and 
microencapsulates. For the encapsulation of fish oil into fibers, particularly interesting is the so-called emulsion 
electrospinning. This technique permits to incorporate emulsion droplets of lipophilic ingredients into a fibres 
hydrophilic polymer matrix, avoiding the use of hydrophobic polymers and so of organic solvents2.  

Therefore, the aim of this work was to study the production of poly(vinyl alcohol) (PVA) nanofibres loaded with fish 
oil by emulsion electrospinning. First, scanning electron microscopy was used to evaluate the effect on fibre 
morphology of polymer concentration (7.5-9-10.5 %), oil emulsion load (5-7.5-10 %) and type of emulsifier (whey 
protein isolate and fish protein hydrolysate). Secondly, the encapsulation efficiency and oil distribution in the fibres 
(10.5% PVA and 5 % oil emulsion load) were assayed. Finally, the oxidative stability of the latter fibres was 
measured during storage at 40°C for 14 days in the dark. 

Independently of the emulsifier employed, fibres without defects were obtained when employing 10.5% PVA and oil 
load up to 7.5%. The number and size of beads increased specially when using PVA concentration below 9%. High 
encapsulation efficiency (92.4±2.3 %) was obtained for fibres produced with 10.5% PVA and 5% oil emulsion 
load, with an oil load capacity of 11.3±0.3%. The encapsulated oil was distributed as droplets inside the fibres as 
revealed by confocal microscopy analyses and droplet size measurements of dissolved fibres. However, the fibres 
presented a higher content of hydroperoxides and secondary oxidation products during storage than emulsified and 
unprotected fish oil. This lower oxidative stability may be related to the presence of traces of metals in PVA, which 
catalyse lipid oxidation. 
 
[1]  Uauy, R., & Valenzuela, A. (2000). Marine Oils: the health benefits of n-3 fatty acids. Nutrition, 16, 680-
 684. 
[2]  Arecchi, A., Mannino, S., & Weiss, J. (2010). Electrospinning of poly(vinyl alcohol) nanofibers loaded with 
 hexadecane nanodroplets. Journal of Food Science, 75, N80-N88. 
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Charge-transfer electrospun sensors  

E Zussman and R Gal-Oz  

Technion – Israel Institute of Technology, Israel  

Charge transfer complexes (CTC) are spontaneously formed at room temperature, exhibit metallic/semiconductor 
conductivity, are composed of organic, usually low-toxicity compounds, with a bonding strength of tens kJ/mol. The 
main challenge of exploiting the electrical conductivity of CTC is to control the percolation threshold along a 
preferred direction. In this work, conductive organic nanofibers were fabricated by a co-electrospinning process of 
poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) solutions, which contain tetrathiafulvalene (TTF) and 
tetracyanoquinodimethane (TCNQ) in the shell and core solutions, respectively. In the presence of a sufficiently 
strong electric field, jetting sets at the droplet tip, which results in solidified PVDF-HFP nanofibers embedded with 
the aligned CTC composed of TTF/TCNQ. The electron donor TTF and the electron acceptor TCNQ migrated toward 
each other, within the compound droplet, to produce conductive CTC crystals. In order to increase the CTC 
concentration within the electrospun fibres, a semi-soluble CTC (TTF and ferric chloride) was blended in PVDF-HFP 
solution. Fibre diameters ranged between 100 and 500 nm. X-ray analysis indicated that the CTC crystals were 
aligned with the long molecular direction parallel to the nanofiber axis. The electrospun nanofibres were collected to 
form a fibre mat, which was evaluated as a working electrode in a three-electrode cell system, exhibiting maximal 
differential conductance of 50 µmho. Addition of WO3 nanoparticles as a catalyst to the TTF solution increased of 
the CTC crystallisation within the nanofibres and enabled its effectiveness in ampereometric detection of glucose. 
 

 
Iron‐based electrospun nanostructures ‐ magnetic and actuating composites 

V Salles1, T Fiorido1, and A Brioude1, L Seveyrat2, J Galineau2, B Guiffard2 and D Guyomar2 
1Université Lyon, France, 2LGEF – INSA Lyon, France,  

Iron‐based materials are interesting for their magnetic properties, especially at a nanoscale due to their high 
potentiality in biomedical, catalysis, spintronic technology. 

We show in this study how it is possible to fabricate two different kinds of nanostructures, hematite (Fe2O3,) and 
cementite (Fe3C), using a single route synthesis with electrospinning. In the case of cementite nanofilaments (NFs), 
Fe3C nanoparticles (about 10 nm in diameter) are embedded in a graphitic carbon matrix. The thickness of the thin 
carbon coating at the surface can be tuned and have an effect on the nanofilaments stability in air and their 
electrical properties. 

These filaments were implemented to fabricate organic/inorganic composites, with Fe3C NFs as fillers inside an 
electrostrictive polyurethane matrix. We will show that the deflection strain of such nanocomposites under an 
electrical field could be six fold higher than the pure polymer host, with only 2.5 wt % of NFs. A high 
magnetoelectric behaviour of the composite will be also demonstrated, giving the possibility to use this composite 
as a bifunctional sensor and actuator. 
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Figure 1: Focused ion beam image of an example of a composite composed containing 2.5 wt% of Fe3C 
nanofilaments inside a Polyurethane (PU) matrix; green objects correspond to the filaments dispersed inside PU. 
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P.1 Cardiac remodeling using cardiomyocytes-seeded electrospun collagen scaffolds  

M Kitsara*1, P Joanne*2, S-E Boitard*2, V Vanneaux*3,4, M Pernot5, J Larghero3,4, P Forest6, Y Chen1, P Menasché7,8,9 
and O Agbulut2  
1Instituto de Microelectrónica de Barcelona, Spain, 2Sorbonne Universités, France, 3Hôpital Saint-Louis, France, 
4INSERM UMR, France, 5Institut Langevin, PSL Research University, France, 6Biom’Up, France,7Université Sorbonne 
Paris Cité, France, 8Hôpital Européen Georges Pompidou, France, 9INSERM, France  
 
*These authors contributed equally.  
Cells committed to a cardiac lineage hold a real promise for achieving heart repair. Among them, human-induced 
pluripotent stem cell (hiPS)-derived cardiac progenitors have been extensively studied for their ability to improve the 
function of infarcted hearts1. In this study we epicardially delivered electrospun collagen scaffolds seeded with 
cardiomyocytes derived from hiPS cells (iPS-CM) in a mouse model of dilated cardiomyopathy. By adjusting the 
electrospinning and crosslinking parameters2, nanofibrous collagen scaffolds were obtained (fig. 1a) with an 
elasticity modulus of 10.1 kPa which is in the range of those reported for optimising cardiac tissue regeneration. The 
biocompatibility of the collagen scaffolds was studied in vivo by grafting acellular scaffolds on the surface of 24 
healthy C57BL6 mice. After 7 days, the hearts were explanted and analysed and hematoxylin-eosin staining 
showed that the collagen scaffolds were macroscopically visible (fig. 1b) with evidence for some degradation 
manifest as pores in the scaffold (fig. 1c). Subsequently, scaffolds seeded with hiPS-CM were implanted in 8 mice 
with a genetically-induced dilated cardiomyopathy (αMHC-MerCreMer:Sf/Sf). This resulted in a restricted and 
strong thickening of the matrix extending into the scaffold. Thus, cardiomyocytes derived from hiPS cells potentiate 
a tighter binding of electrospun collagen scaffolds to the recipient heart, which supports the relevance of cardiac 
engineering as a potentially effective strategy for treating dilated cardiomyopathy. 

 
 
Figure 1. (a) SEM image of collagen electrospun fibres, (b, c) representative images of hematoxylin-eosin staining of 
a heart section seven days after implantation in a normal mouse heart.  
  
[1]  Menasché P. et al., Eur Heart J. 2015, 36(12), 743-50  
[2]  Kitsara M. et al., Microelectron. Eng. 2015, 144, 46-50. 
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P.2 Development of a 3D electrospun scaffold of ɛ-Polycaprolactone (ɛ-PCL) for the treatment of skin wound 
healing 

A Giacaman, D Pritchard, A Cameron and F R A J Rose 

University of Nottingham, UK 

Wound healing is a complex and coordinated response where the skin repairs itself. The prolongation or failure of 
this process may result in a chronic wound condition1. The objective of this study was to develop a 3D synthetic 
biocompatible scaffold to promote granulation tissue formation to accelerate wound closure. PCL electrospun fibre- 
based scaffolds were obtained by electrospinning technique. The characterisation of micro fibrous scaffolds was 
conducted by scanning electron microscopy (SEM). SEM analysis of PCL scaffolds showed a range of uniform, 
random and smooth fibres with a diameter from 2-14 µm. In vitro evaluation of the PCL scaffolds was performed 
aimed to assess the culture of 3T3 GFP expressing fibroblasts on scaffolds with different fibre diameters ranging 
from (2-14 µm). Findings showed that fibroblasts proliferate well on the micro scale scaffolds. Significant 
enhancement in metabolic activity was found when cells were cultured on scaffolds with a fibre diameter above 
~4µm while fibroblasts cultured on scaffolds with a smaller fibre diameter showed the poorest metabolic activity. 
Phase contrast imaging and SEM analysis after 4 days of culture revealed that fibroblasts had a visible interaction 
with the fibres. Confocal images with fibroblasts showed that the cells had arranged themselves in their 
characteristic elongated cellular phenotype. This preliminary evaluation suggests that PCL scaffolds are candidates 
for skin wound healing. 
 
[1]  Harding, K., H. Morris, and G. Patel, Science, medicine, and the future: healing chronic wounds. BMJ: 
 British Medical Journal, 2002. 324(7330): p. 160 
 
 
P.3 Mechanical properties of glassy polymers under cylindrical confinement via molecular dynamics simulations  

S Deng, A Arinstein, Y Cohen and E Zussman  

Technion−Israel Institute of Technology, Israel  
 
Polymers under confinement exhibit unexpected dynamic behaviours due to the fact that the confinement length is 
comparable (smaller) to an internal scale of the confined system1. The confinement-induced phenomena result in 
distinctive physical properties of nano-objects, including, for example, the size-dependent behaviour of electrospun 
polymer nanofibres2.  

With the help of molecular dynamics simulations based on the bead spring model3, the properties of glassy 
entangled flexible polymer systems confined to nano-scale cylinders with various diameters was studied. It turned 
out that the fibres' Young’s moduli increase sharply below a crossover radius (see Fig. 1). The increase in modulus 
is accompanied by modification of the polymer structure, reflected by a modification of the density distribution and 
enhancement of the chain alignment (see Fig. 2). At small diameters (below crossover), the confinement affects the 
state of all macromolecules in the entire fibre, whereas in the case of large diameters (above crossover) only the 
near-surface layer is affected. A similar behaviour can be observed in the anisotropy of the macromolecular 
conformation: below crossover scale, the macromolecules are elongated along the fibre axes, whereas with 
increasing diameter the macromolecules become isotropic (see Fig. 3).    
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Fig. 1. Young’s Modulus vs fibre 
radius below Tg. The strain rate 
was 1.67×10−3 τ−1. 

 
Fig. 2. Order parameter and density 
vs normalised fibre radius (R/Rfiber). 
The chain length was 100. 

 
Fig. 3. Mean-square-root end-to- 
end distance divided by square 
root of chain length vs fibre 
radius for x-, y- and z-directions. 

The obtained scale of crossover is much smaller (two order of magnitude) compared with experimental observations 
of electrospun nanofibres 1, 2. This difference demonstrates that the confinement affects an internal scale related to 
supermolecular structures of the fibre polymer matrix rather than the individual polymer macromolecules. 
 
[1] A. Arinstein, M. Burman, O. Gendelman, and E. Zussman. Nature Nanotech. 2, 59, 2007. 
[2] A. Arinstein, E. Zussman. J. Polym. Sci. Part B Polym. Phys. 49, 691, 2011. 
[3] R. Auhl, , R. Everaers, , G. S. Grest, , K. Kremer, , S. J. Plimpton. J. Chem. Phys. 119, 12718, 2003.  
 
 
P.4 Mechanical and thermal properties of electrospun cellulose acetate/poly(lactic acid) hybrid nanofibres   
a,bM Kumar, bD Unruh, aR Sindelar and bF Renz 
aUniversity of Applied Science and Arts, Germany, bLeibniz University Hannover, Germany 

Hybrid nanofibres of synthetically occurring cellulose acetate/polylactic acid are prepared by advanced 
electrospinning technique (side-by-side, co-axial (figure1)) and study their mechanical and thermal properties. The 
morphology of the prepared hybrid nanofibres are characterised by scanning electron microscope which shows that 
hybrid nanofibres are smooth, cylindrical and porous. X-ray diffraction (XRD) revealed that presence of reduced 
crystallinity. These natural hybrid nanofibres improve mechanical, thermal stability and provide a platform for new 
therapeutic window for controlled drug release. Hence, it is envisaged that cellulose acetate/polylactic acid hybrid 
nanofibres should have important applications in the field of biomedical treatment.  

 
 

Figure 1. SEM Micrograph showing core-sheath fibre mesh of cellulose acetate/poly(lactic acid) 
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P.5 Impact of nanoscale additives to the electrospun fibre morphology 

F J Davis, S Mohan and G R Mitchell  

University of Reading, UK 

Nanoparticles have gained a significant amount of attention in the last decade due to their exceptional properties, 
ranging from mechanical to electronic, optical and thermal. The incorporation of nanoparticles into a polymer matrix 
can impart some of these exceptional properties to the composite material that is formed, such as enhancing the 
materials mechanical performances or providing it with a level of measurable conductivity that is not present with 
the polymer on its own1. In addition to the imparted properties of the nanoparticle additive, there is the potential of 
an influence on the morphology formed within the host material. For example the presence of the particle may act 
as a nucleating site encouraging a higher degree of crystallinity, or template the crystal growth1, which too will 
impact on the mechanical performances of the electrospun fibre sample. As the nanoscale structural arrangement 
of the polymer morphology influences the overall properties of the material, understanding the impact of nano-
additives on the structural morphology of the polymeric materials is important in determining a methodology for 
developing tailor made products.  

We explore how the crystalline morphology of polyethylene oxide nanoscale fibres are influenced by the presence of 
2 different nanoscale additives, multi-walled carbon nanotubes and nanofibrillated cellulose. Electrospun fibres are 
prepared from aqueous solutions containing a surfactant to aid in the spinning process with aligned samples 
collected onto a rotating collector. The percentage loading of nanoscale additives and the impact of collection 
speed is examined on fibre samples prepared, and analysed using 2-dimensional small angle and wide angle x-ray 
scattering methods, exploring the impact on the degree of crystallinity and the influence on the crystallographic 
anisotropy. 

 
 

Figure 1: Small angle (SAXS) and wide angle (WAXS) x-ray scattering for polyethylene oxide electrospun fibre 
samples prepared with increasing concentrations of carbon nanotubes (0 – 5% wt). 

[1]  Controlling the Morphology of Polymers: Multiple Scales of Structure and Processing, Editors: Mitchell, 
 Geoffrey; Tojeira, Ana. Springer Science + Business Media, 2016. 
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P.6 Novel selective nanofibrous adsorbents for removal of toxic and heavy metal ions from contaminated 
wastewater  

D Morillo, M Faccini, D Amantia and L Aubouy  

Leitat Technological Center, Spain 

Nowadays, pollution of water from the contamination of heavy metals is a serious environmental problem. Metals 
such as chromium, copper, iron, lead, cadmium, and zinc or semi-metals like arsenic, are highly toxic and pose a 
major threat to human health and the environment.  

In this talk we will present the latest advances made by LEITAT Technological Centre in the development of highly 
efficient systems for the up-take of metallic pollutants from water. High surface area nanofibres were fabricated by 
electrospinning and then modified to provide selectivity to the target ions. The resulting nanofibres are mechanically 
strong and chemically resistant. The adsorption capacity of each material was determined as functions of several 
parameters such as pH, contact time and concentration of metals. In addition, selectivity experiments were 
performed trying to mimic real conditions. The nanofibrous membrane prototypes exhibit fast adsorption kinetics, 
good selectivity and high retention capacity towards target metal ions, such as As(V), Pb(II), Ni(II), Cu(II), Y(III) and 
Eu(III).   

The research leading to these results has received funding from the European Union’s Seventh Framework 
Programme (FP7/2007-2013) under grant agreement nr. 280995 

 
P.7 Electrospun based antibiotic delivery system for dental applications 

A Baranowka-Korczyca, A Warowickaa, M Jasiurkowska-Delaportea, J Jurga-Stopab, B M Maciejewskaa and S Jurgaa 
aAdam Mickiewicz University, Poland, bPoznań University of Medical Sciences, Poland  

In recent years, electrospun nanofibres have been extensively studied as scaffolds for tissue growth. The 
electrospinning process enable the production of nanoscale material from biodegradable polymer, which are 
characterised by large surface-to-volume ratio, 3D structure and similarity to the fibrous architecture of the 
extracellular matrix (ECM). The nanofibres can be molded into various shapes and forms such as porous structures, 
suitable for cell proliferation, differentiation and ingrowth. Moreover, the process provides the opportunity for direct 
encapsulation of drugs into the fibres.  

In this contribution, polycaprolactone (PCL) and polyvinylpyrrolidone (PVP) nanofibers were used as a scaffold for 
gingival fibroblast (HGF-1 line) growth. The selective staining of nuclei and cytoskeleton of HGF-1 cells cultured on 
both type of nanofibres revealed their normal morphology and oriented growth along the nanofibres. Additionally, 
the antibiotic (ampicillin and metronidazole) incorporated nanofibres were obtained and characterised by SEM and 
Raman spectroscopy. The effect of ampicillin and metronidazole containing nanofibres were studied for several oral 
strain of bacteria. Our study indicates that the nanofibrous based materials will have great potential as an excellent 
antimicrobial scaffold for dental tissue engineering.  
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P.8 High performance large-area organic semiconducting devices fabricated using a pre-metered coating method  

Y H Cho, H G Jeon and B Park  

Korea Institute of Lighting Technology, Republic of South Korea 

We herein present results obtained from our study of flat and uniform organic and inorganic semiconducting films 
for efficient, flexible, and large-area organic light emitting devices (OLEDs)1 and polymer solar cells (PSCs)2 by using 
a simple pre-metered horizontal dipping process3. It is shown that this process can produce high quality and 
extremely thin films by utilising the downstream meniscus of the blended solution, which can be controlled by 
adjusting experimental parameters of the capillary number of the solution and the shape of the meniscus4. It is also 
shown that the efficiencies (2.93%) of the inverted PSCs with a P3HT:PCBM PV layer made by the pre-metered 
coating process were nearly identical to or slightly higher than that (2.75%) of the conventional spin-coated 
devices. The OLEDs produced by using this method also exhibit a peak brightness in excess of 52,000 cd/m2 and a 
maximum efficiency of 24 cd/A, with a large light-emitting area. 

These results demonstrate that the pre-metered coating process for depositing organic and inorganic 
semiconducting layers on substrates provides a solid foundation for improving the fabrication of efficient and large-
area flexible OLEDs and inverted PSCs; furthermore, the use of this novel process may in future be extended to 
conventional mass-produced slot-die and slit-die coatings. 
 

 
 
 
Fig. 1. (a) Photograph of an operating OLED made by pre-metered coating process on a 10 x 10cm2 substrate. (b) 
Photograph of a PSC module in operation consisting of 6 inverted P3HT:PCBM PSCs connected in series, each made 
using the pre-metered coating process on a glass substrate (5 x 5 cm2). The PSC module generated electricity (ca. 
3.0 V) from ambient illumination, thereby demonstrating its functionality as an efficient power-generating solar 
module. 
 
[1]  C. W. Tang, and S. A. VanSlyke, Appl. Phys. Lett., 51(12), 913 (1987). 
[2]  N. S. Sariciftci, L. Smilowitz, A. J. Heeger, and F. Wudl, Science, 258(5087), 1474 (1992). 
[3]  B. Park and M.-Y. Han, Opt. Express, 17, 21362 (2009). 
[4]  L. D. Landau, and V. G. Levich, Acta Physicochimica URSS ,17, 42 (1942). 
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P.9 Preparation of PVDF/PVDF-HFP nanofibrous membranes and their applications in protective textiles  

Y Liu1,2,, W Yang2, J Liu2 and J Yan2  

1Wuhan Textile University, People’s Republic of China 2 Tianjin Polytechnic University, People’s Republic of China 

In the current study, multineedle electrospinning technology was used to prepare bico-blended PVDF/PVDF-HFP 
nanofibrous membrane, and the properties such as surface morphology, mechanical strength, waterproof and 
vapour permeability were examined, to decide the most suitable calendering temperature for improved mechanical 
strength. Thereafter, the bico-blended electrospun membrane was laminated with hydrophobic fabric using Co-PA 
as thermal binder to prepare breathable fabric, and the properties of which including peeling strength, waterproof 
and moisture permeability were comparatively studied with PTFE membrane based breathable fabric. The 
conclusion was that the electrospun material from this study could be applied as breathable membrane and 
comparative to PTFE stretch membrane.  
 
 
 
 
 
 
 
 

 
 

Water resistance of PVDF-PVDF-HFP bico-blended electrospun membrane 
 
[1] Y. Filatov, A.Budyka, V.Kirichenko: Electrospinning of Micro-and Nanofibers: Fundamentals and 
 Applications in Separation and Filtration Processes,Begell House, Inc., New York, USA, 2007. 
[2]  Retrieved on: http://www.donaldson.com/en/engine/support/datalibrary/063312.pdf 
[3]  Retrieved on: http://hinanofiber.com/docc/product-default-new.html 
[4]  Retrieved on: http://smxxbkj.cn.china.cn/ 
[5]  Retrieved on: http://www.prweb.com/releases/DuPont/Energain/prweb4344194.htm 
[6]  Hae Wook Ahn, Chung Hee Park and Seung Eun Chung: Textile Research Journal, 81(14),2011, 1438–
 1447 
[7]  Jiakun Yan，Yanbo Liu，Zihan Zhang et al. Journal of Tianjin Polytechnic University, 32(6), 2013，14-18. 
[8]  Li Zhang, Jiaona Wang, Congju Li.The research progress on laminated fabric based on waterproof moisture 
 permeable electrospun fibrous membrane, Industrial Textiles, No.7,2012,1-4. 
[9]  Lihua Bao,Beijing Instituteof Fashion Technology, M.S. thesis, 2009. 
[10]  Jianfeng Ge, Donghua University, M.S. thesis,2009. 
[11]  Boram Yoon and Seungsin Lee：Fibers and Polymers,Vol.12,No.1,2011,57-64. 
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