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Abstract. This paper deals with two electrospinning technologies: the melt electrospinning 

with a customized jet head, adapted from the fused deposition modeling (FDM) 3D printer, 

in comparison with the standard solution electrospinning, aiming at fabrication of tissue 

engineering scaffolds. The resulting fibers are compared. The influence of the collector 

properties on those of the fabricated scaffold is investigated. The resulting electrospun fibers 

exhibit different characteristics such as morphology and thickness, depending on the 

technology. The micro-fibers are produced by the melt electrospinning with an inbuilt 3D 

printer jet head, whereas the solution electrospinning has produced nano- and micro-fibers. 

The scaffolds fabricated on the rotating drum collector exhibit a more ordered structure as 

well as thinner fibers than those produced on the stationary plate collector. Further 

investigations should aim at fabrication of porous hollow fibers and tissue engineering 

scaffolds with controlled porosity and properties.  

Key Words:  Melt Electrospinning, Solution Electrospinning, 3D Printing, Micro-fibers, 

Nano-fibers 

1. INTRODUCTION 

The spinning process was patented by Anton and Formhals (1934) who described an 

experimental setup for the production of polymer filaments using an electrostatic force. 

Electrospinning represents a process for fabrication of polymer nano-fibers by using an 

electrostatically driven jet of polymer solution or polymer melts [1]. Since 1994, when 

this technology was put to practical use, electrospinning has been recognized for its ability 
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to fabricate nano- and micro-fibers in different forms and of different morphologies [2]. 

The human extracellular matrix contains submicron fibers and the samples created by 

electrospinning can closely resemble that network, with a high-specific surface area, 

which is very important for many applications. Electrospinning has attracted great 

attention in biomedicine mainly due to: versatility of the technology, ease of use, low cost 

of the custom made devices, and especially because it can fabricate diverse forms of nano- 

and micro-fibers [3]. These fibers have been used for tissue engineering scaffolds, to provide 

different functions [3, 4]; possible fiber structures, morphologies and properties are widely 

investigated. Electrospun scaffolds can provide a conductive microenvironment for the 

selected cells thus enhancing tissue regeneration [4, 5]. There is evidence that electrospun 

biomaterial samples exhibit rather good mechanical stress resistance and enhance adhesion 

of cells while their differentiation and proliferation due to the fiber network structure 

resemble human tissue [6]. 

The advantages of electrospinning enable its use in different biomedical applications, such 

as drug release and biotransformation, soft tissue implants and wound healing [7]. Electrospun 

nanofibers as a drug delivery system show several benefits such as easy modulation of the drug 

release profile depending upon the properties of the used polymer or polymeric blends, such as 

antibiotics-loaded nanofibers as wound dressing materials [8]. Two main methods are widely 

used (solution and melt electrospinning); the influence of the technological parameters on the 

properties of the final samples is studied beside input materials as well as possible fiber fillers 

since the complexity of intermixed influences still prevents this technology from wide practical 

applications [9, 10]. Thakkar and Misra [8] investigated the melt and the solution 

electrospinning methods for producing curcumin-loaded poly (PCL) fibers in order to find 

difference between those two methods in characterization and drug release. The results showed 

that the influence of the curcumin was not the same in both of these electrospinning techniques, 

thus indicating the necessity to consider the production parameters, beside material properties 

of the starting polymer. In this case [8], variation of the curcumin content did not change the 

morphologies of the melt electrospun fiber. However, for the solution electrospun fiber, it 

resulted in a different set of fiber diameters due to the influence of the curcumin content on the 

jet balance. A different production technology resulted in a different drug release rate with the 

same input polymer material.  

Additive manufacturing has emerged as the groundbreaking technology affecting many 

areas due to its possibility to fabricate versatile forms of structures. Fabrication of complex 

3D structures also by combining several materials is especially important in tissue 

engineering [11] even though 3D printing is still under development regarding available 

materials [12]. Additive biomanufacturing is an important area of research pertaining to 

tissue regeneration [13], control of fiber diameter and micromechanics [14] or distribution 

and size of pores within fabricated scaffolds for implantable medical devices [15]. 

Furthermore, combination of 3D printing and electrospinning has been investigated in 

fabrication of vascular grafts [16], complex functionalized three-dimensional structures [17] 

and three-dimensional micro-patterns within 3D structures [18]. Electrical instabilities 

exhibited in the solution electrospinning can be avoided by using melt materials and 3D 

printing. In the solution electrospinning, the produced fibers randomly fall onto the collector 

under the influence of the electric field due to these instabilities, thus preventing precise 

control of the resulting fiber mat structure. Furthermore, the solvents often exhibit toxicity 

which is not related to melt materials. The melted material does not exhibit these electrical 
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instabilities and 3D printing additionally enables different shapes, structures, even the 

complex 3D structures to be easily fabricated. This is of the utmost importance in tissue 

engineering and mimicking of natural tissues. A significant area of application is the 

production of highly porous hollow fiber membranes whereas the electrospinning technology 

is modified by using different jet heads and collectors [19, 20]. A high porosity scaffold 

(83.5%) was fabricated by using a porous supporting tube as the collector for nanofibers 

[19]. Biomimetic scaffolds were fabricated by using a complex collector with a stationary 

cylindrical hollow piece and a mobile internal cylinder which enabled circumferential and 

radial alignment of fibers [20]. Some recent applications of 3D printing are for production of 

complex shapes of collectors in order to enable novel shapes of electrospun fibrous mats 

[21], multiplexed electrospinning sources [22], structuring of scaffolds [23], or planar arrays 

of electrospinning emitters [24]. Development of different electrospinning techniques (melt- 

and solution- electrospinning, force-spinning, melt-blowing, flash-spinning, spinning of 

bicomponent fibers) has become a hot topic due to versatile applications of micro- and 

nanofibers (tissue engineering, sensors, clothing, membranes for filtration systems, fillers in 

composite structures, coatings, etc.) [25].  

Materials used in electrospinning are mainly polymers but other materials have been 

recently investigated such as ceramics. Nanofibers made of ceramic are rather hard to 

produce due to many limitations of these materials but electrospinning has shown excellent 

results; this is especially important if wide applications of ceramic nanofibers are considered 

(membranes in filtration systems, fuel cells, smart textiles for wearable technologies, sensors, 

catalysts and many more) [26]. Chemical sensors based on functional nanofibers made by 

electrospinning (e.g. in wearable sensors) are also a significant area of research [27].  

An interesting application of this technology is related to piezoelectric polymers for self-

powered sensors [28, 29]. Electrospun fibers of the piezoelectric polymers have been 

investigated for wearable electronics such as medical wearable active sensors for the 

monitoring of respiration or other health related parameters (vital signs, walking speed, 

gesture detection, or detection of vocal cords vibration, etc.). Nanofibers of the piezoelectric 

polymers have been further used in fabrication of smart (functional, active) textiles for a 

wide range of wearable sensors, such as sensors for vital signs monitoring [30], pressure 

sensors [31], and tactile sensors [32]. These types of sensors are lightweight and have very 

high sensitivity thus representing very significant elements in many different applications. 

For example, these capacitive pressure sensors can detect a water droplet down to 7 mg 

weight, which makes them highly suitable for wearable electronics in medical applications 

[31]. Piezoelectric smart fabrics can provide pressure and force sensing, motion and 

ultrasonic sensing; special yarns have been investigated [33, 34]. For example, these smart 

fabrics, with embedded electrospun piezoelectric nanofibers, are able to detect even small 

amounts of ammonia (NH3) very fast and they exhibit rapid recovery afterwards [34].  

This paper elaborates upon design elements of two electrospinning technologies: the 

melt electrospinning with a customized jet head, adapted from fused deposition modeling 

(FDM) 3D printer, in comparison with the standard solution electrospinning, and resulting 

differences in electrospun fibers, aiming at fabrication of tissue engineering scaffolds. The 

influence of the collector properties on the fabricated scaffold properties was also 

investigated. 
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2. EXPERIMENTAL SETUP  

2.1. Materials and fabrication method  

Three different electrospinning setups are used: the melt electrospinning with an adapted 

head of the fused deposition modeling (FDM) 3D printer and the standard solution 

electrospinning with two types of collectors (a stationary plate collector and a rotating drum 

collector). The nozzle tip orifice at the melt spinning with a FDM jet head has diameter of 

0.3 mm. For the solution electrospinning, the conventional 1 ml syringe with a blunt tip 

needle (0.603 mm, inner diameter of the needle) is used. The needle temperature is 

considered to be the same as the ambient temperature since it is not significantly heated due 

to a large distance of the needle from the pump which is also not heated. 

Biodegradable Polycaprolactone (PCL) is used for the melt electrospinning and FP2 

Fluoropolymer, 15 wt% in 1 part DMAc (Dimethylacetamide) and 6 parts Acetone are 

used for solution electrospinning with a plate collector; PLGA: PLG8523, Poly-lactide 

(co-glycolide), 8 wt% in HFIP (Hexafluoroisopropanol). 

Parameters of different electrospinning methods are as follows:  

 Melt electrospinning with a plate collector: voltage on the plate collector of 30 kV; 

distance from the nozzle tip to the collector surface of 13 cm. 

 Solution electrospinning with a plate collector: voltage of 30 kV; polymer solution flow 

rate of 1.5 ml/h; distance from the needle tip to the collector surface of 200 mm; 120 

mm diameter of the disk above the needle; and 25˚C temperature within the 

electrospinning chamber. 0.5 ml of the polymer solution is used as the starting material. 

 Solution electrospinning with a drum collector: voltage of 30 kV, polymer solution 

flow rate of 1.5 ml/h; air gap at the syringe/collector distance of 250 mm and 25˚C 

temperature within the electrospinning chamber; 0.5 ml of the polymer solution is 

used as the starting material. Five different drum rotation speeds are studied: 250, 

500, 750, 1000 rpm. 

2.2. Electrospinning technology 

There are two basic types of electrospinning devices, namely those using: 1) the melt 

electrospinning technique, where the polymer wire flows through the nozzle and melts thus 

making the polymer fiber that falls down to the collector, and 2) the solution electrospinning 

technique with a liquid polymer mixture as the starting material that flows through the 

syringe with a needle. There is a difference between the devices where the fiber is fabricated 

via melting the polymer through the nozzle, and the other type where the fiber is obtained 

from a homogenous polymer solution. These two techniques differ in sample characteristics 

such as morphology, thickness of electrospun fibers, transparency, etc. Selection of the 

appropriate technique depends on the material used. For example, some polymers worsen 

their properties when exposed to high temperatures hence the melting technique is not 

applicable. Also, fiber thickness is determined by different techniques. 

Special attention should be devoted to the adequate polymer starting form, depending on 

the electrospinning process that is used. In the case of the solution electrospinning, voltage is 

brought to the needle and the liquid polymer is put into the syringe, which is further mounted 

on the element that pushes the syringe plunger with precisely defined speed. The quantity of 

the polymer melt that is expelled through a discharge orifice at the open end of the tube and 



 Customisation of Electrospinning for Tissue Engineering 325

into the needle is determined by the linear speed of the plunger, as setup at the beginning of 

the process. In the case of the melt electrospinning, voltage is brought to the collector and 

the polymer wire is brought to the nozzle and fed into it by the step motor with predefined 

speed. The polymer wire melts inside the nozzle whereas the temperature within the nozzle 

can be controlled and is setup according to the polymer type. 

In both of these methods, the polymer droplet created at the tip of the needle/nozzle is 

further electrified and elongated to form a thin fiber, as it falls through the electric field. 

The distance between the needle/nozzle tip and the collector as well as the value of 

electric field, determine the structure and the thickness of the electrospun fiber. The speed 

of the polymer passing through the needle/nozzle also has significant influence on the 

final fibers properties. 

One of the main issues in electrospinning is poor repeatability of results [3, 9]. It is not 

possible to predict the results with high certainty even with the same materials and process 

parameters; hence it is necessary to constantly monitor the process. In the case when the 

distance between the needle/nozzle and collector surface is too large, or the electric field 

is not well adjusted, the fibers can fly away from the projected collecting zone on the 

collector and fly randomly around the chamber. Very often, different final fiber mats are 

produced with the same process parameters and materials. On the other hand, even small 

variations in fiber morphologies and structure can significantly affect final scaffold 

function, especially for its further nano scale responses. If the polymer solution density is 

not well adjusted, it can result in polymer drops directly falling on the collector without 

forming fibers. In the case of high viscosity polymers, such issue is not present. However, 

high viscosity of polymers can produce random abrupt stopping and starting of the pump 

which pushes the polymer solution through the syringe into the needle, thus resulting in 

excessive quantities of the polymer solution fed into the syringe. The issue of the 

possibility of such large droplets falling onto the collector and damaging the fiber mat is 

solved by manual removal of the droplets from the needle by using a plexiglas rod. This is 

one common reason for continuous monitoring of the electrospinning process. Sometimes, 

in the case of very high viscosity polymer solutions (such as honey viscosity), the syringe 

can bend under the large force exerted upon it by such "thick" fluid flow.   

2.2.1. Melt electrospinning  

In the case of the melt electrospinning technique, a polymer wire flows through the 

nozzle and melts, thus making a polymer fiber that falls down to the collector (Fig. 1). 

This concept with the polymer wire moving and melting through the nozzle represents the 

same concept as used in the 3D printer. The wire is pushed through the nozzle by a step 

motor while the controlled heater warms up the nozzle. 3D printer heads can be used in 

combination with the electrospinning chamber and such custom made devices for 

production of fibrous scaffolds have been recently investigated [13, 14, 15].  

One such electrospinning device was designed and presented in this paper. A nozzle 

hole diameter through which the wire is melted is around 0.3 mm. Voltage brought to the 

collector is of order of several 10 kV. In that way, a strong electrical field is formed, which 

initiate the attraction of the polymer fiber by the collector. Delivering of voltage to the collector 

is done by an electrical transformer. The main elements of the melt electrospinning device are 

given in Fig. 1a.  
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Fig. 1 Main elements of the melt electrospinning device:  

a) schematic representation of the process, b) design elements 

For this type of device, it is very important to adequately setup the parameters according 

to the specific test. If the melting temperature is too low, the material will melt but it will also 

stay too viscous to extract the fiber. On the other hand, if the temperature is too high, the 

material will burn. This is especially important in the case of different polymer mixtures 

(such as mixtures containing antibiotics) because improper work parameters can have a 

negative effect on some of the polymer properties. Possible issue for this type of device is 

related to the wire that is used as starting material and which is made by using an extruder 

thus raising technology costs. One possible design of the melt spinning device is given in 

Fig. 1b.  

2.2.2. Solution electrospinning  

The solution electrospinning technique uses a liquid polymer mixture as the starting 

material. The material is in the syringe connected to the needle which is located within the 

electrospinning device. The needle is within the bearing which is situated in the metal disk 

where voltage is delivered. The main elements of the solution electrospinning device are 

given in Fig. 2a. Voltage is delivered to the needle (via the metal disk) unlike the previous 

design where voltage is delivered to the collector. The size of the disc directly influences the 

size of the collector area where the sample will be created (the greater size of the disk, the 

greater size of the collector area). Amount of the polymer mixture which goes through the 

needle is regulated by the module in which the syringe is installed and the flow parameters 

are setup. Depending on the input parameters of the process, the polymer solution is pressed 

through the syringe. It is important that the flat top needle is used to prevent accumulation of 

fibers at only one side of the collector as would be in the case of the medical bevel needle. 

One possible design of the solution electrospinning device is given in Fig. 2b. 
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Fig. 2 Main elements of the solution electrospinning device:  

a) schematic representation of the process, b) design elements 

2.2.3. Customization of electrospinning device  

An essential element of the electrospinning device is the electrospinning head (or jet 

head). Different jet heads are used in the melt and the solution electrospinning: a nozzle (to 

provide wire or melt feeding) or a syringe (to provide solution flow). Different designs of the 

jet head are investigated aiming to provide efficient material feed, including composites [22, 

24]. Electrospun fibers have been investigated for different biomedical applications, such as 

drug delivery. Composite nanofibers (or core – shell systems) represent a novel direction of 

research in electrospinning techniques, based on the custom design of jet head and 

collectors. These composite nanofibers comprise the core made of one material, covered 

with a thin layer (shell) made of different material. Special design of the element used in 

electrospinning device (a multi-jet electrospinning head) which introduces two different 

polymers into the electric field is shown in Fig. 3. The needle (with one type of polymer 

solution – inner fluid) is located within the nozzle (with another type of polymer solution – 

outer fluid). Altogether core – shell output droplets and subsequent fibers are fabricated 

within the electric field. Diameter of the core zone and thickness of the shell cover are 

regulated and controlled by the speed of simultaneously feeding the polymers into the needle 

and the nozzle.  

Different combinations of custom-design jet heads and collectors can produce versatile 

final fiber structures, such as hierarchically structured fibers [35], nanofibers with -shaped 

shell [36], or 3D nanostructured scaffold with 99.98% porosity [37]. Investigation of 

different designs of device elements and literature review pointed out that the melt 

electrospinning should be used for production of micro-fibers, whereas the solution 

electrospinning can efficiently produce nano-fibers. One of the special designs of the jet 

head, as given in Fig. 3, can be used to produce core-shell fiber structures. Additional 

customization of the collector shapes, numbers and motion, can produce different final 

shapes of the fiber mat. Depending on the final application, several different collectors can 

be used, some of which are shown in Fig. 4. 
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Another element of the electrospinning 

device, that can be custom shaped, is the collector 

where the fibers are collected after their forming 

within the electric field. A fine porous scaffold 

(fiber mat) is fabricated on the collector surface. 

The type of the collector used in the process has 

significant influence on the distribution of the 

fibers, and further on the porous scaffold sample. 

Different types of collectors can be used for 

electrospinning process and new designs have 

been investigated, especially in combination with 

multiple electrospinning sources [22, 24]. High 

voltage brought to the collector (or the needle) 

creates a very strong electric field which elongates 

the droplet and creates fibers that are further 

attached to the collector. The sample is formed on 

the surface layer of the collector which is different 

from the bulk material of the collector in order to 

better control the final sample output. 

Plate collectors and rotating (drum) collectors are 

standard forms whereas several new shapes and 

types of movements are currently under investigations [20, 22, 37]. Plate collectors can be 

fixed with no motion, or they can exhibit motion, such as simple translational motion in 

horizontal plane (Fig. 4a). Translational motion produces a larger sample, whereas uniform 

speed results in homogenous density. Speed and trajectory can be predefined and controlled. 

Variable speed produces different thickness distribution of the sample along the sample. The 

spots where the collector is fixed by screws can sometimes exhibit thicker samples due to 

an increased quantity of metallic material in these spots thus resulting in accumulation of 

fibers. Usually, a glass layer is installed on the plate collector in order to allow an easier 

control of the sample. Design of the drum collector is given in Fig. 4b. It rotates during 

electrospinning, thus creating a scaffold in the form of a round hollow pipe. Rotation 

speed of the collector directly affects the thickness of the scaffold. Aluminum foil is 

usually fixed on the collector's surface to enable removal of the sample afterwards. Also, 

the collector can be designed to create tube samples, like the one shown in Fig. 4c. This 

collector operates similarly to a drum collector. The cylinder diameter is much smaller 

 

Fig. 3 Multi jet electrospinning head 

used for composite nanofibers 

production 

 

Fig. 4 Different types of collectors: a) plate collector with directions of translational motion 

(variable speed), b) drum collector, c) design of the tube-form sample collector 
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than at the drum collector, thus resulting in rapid accumulation of fibers. This type of the 

collector has been used to produce scaffolds made of biodegradable polymers aiming at 

blood vessels repair. An electrospun scaffold can be used for coating a damaged vessel 

until its healing. 

3. RESULTS AND DISCUSSION  

A new approach to the custom design of the electrospinning device is to combine 3D 

printing and electrospinning techniques into one device or to use it parallel to each other 

in the synchronized manner [16, 17, 18]. In our work, the head of the fused deposition 

modeling (FDM) 3D printer was used instead of the standard melt electrospinning jet 

head. The main elements of such jet head are shown in Fig. 5a. One fiber mat sample 

made at the adapted electrospinning device is shown in Fig. 5b. This device setup has 

been used to overcome the recognized issues in fabrication of drug-impregnated fibers for 

drug delivery systems. Drugs in the pre-fabricated drug-loaded wire can be damaged by a 

high melt temperature within the jet head in the case of the standard melt electrospinning 

device. The jet head adapted from the 3D printer also melts the wire and produces an 

initial polymer drop to enter the force field but it exhibits adequate temperatures thus 

preserving initial properties of the drug, which is further transferred into the electrospun 

fibers. A stepper motor is used to feed the wire into the nozzle where it melts. This device 

setup is well suited for drug delivery applications where larger fibers (micro to macro 

fibers) are needed. The wire that was fed into the adapted jet head is custom made of PCL 

biodegradable polymer, by using a wire extruder. 

   

Fig. 5 a) Main elements of the jet head in melt electrospinning device, by using adapted 

3D printer head and b) sample produced at such adapted device (PCL micro-fibers)  

Thin polymer fibers are made during electrospinning under the influence of electric 

force which elongates the initial polymer droplet during its falling from the needle/nozzle 

tip to the collector. Fibers are continuous until the polymer is fed to the needle/nozzle and 

electric force is acting on it. In general, final fibers are randomly distributed over the 

collector’s surface. Thickness and morphologies of the fibers are different if the melt- and 

the solution- electrospinning are compared. The melted polymer has higher viscosity than 

its solution and the nozzle orifice is larger than the needle tip. Accordingly, the thickness 
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of the fibers made by the melt electrospinning tends to be larger (micron scale) than those 

made by the solution electrospinning (nano to micron scale). FP2 Fluoropolymer fibers 

made by using the solution electrospinning with a plate collector (Fig. 4a) are shown in 

Fig. 6. 

       

Fig. 6 FP2 Fluoropolymer fibers produced by solution electrospinning,  

collected on the plate collector, two magnifications 

There is a clear difference between the size of the electrospun fibers produced at the 

solution spinning (Fig. 6) and at the adapted electrospinning device (Fig. 5b). The size of 

the nozzle tip orifice (0.3 mm) has a comparable length scale to the standard inner 

diameter of the syringe needle (0.603 mm). The adapted setup offers more possibilities for 

precise tuning of the fiber properties in the case of micro/macro fibers, and, accordingly, 

of the resulting fibrous scaffold. Our work is fully in accordance with several authors 

showing that the FDM 3D printer head can be used in the melt electrospinning, especially 

important for composite fibers impregnated with different materials [13, 14, 15]. The 3D 

printer head enables a customized input material since we have produced the wire by 

using the extruder which enables different material combinations, including drug loading 

of the wire. Fiber diameters and fiber density are under investigation for different 

applications while the combination of FDM 3D printing with electrospinning can provide 

good tailoring of properties at the micro/macro levels. Combination of different materials, 

or synchronized use of additive manufacturing technologies, together with customization 

of elements in the electrospinning device, have been investigated in order to provide 

better control and repeatability of the process. 

Beside device elements (jet head, type of collector), process parameters significantly 

influence the resulting electrospun fibers. The change of the collector shape (the drum 

instead of the plate collector) and rotation speed of the drum collector (250, 500, 750, 100 

rpm), results in changes of the fiber thickness and their spatial distribution within the 

scaffold, as shown in Fig 7. 
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Fig. 7 Diameter of PLGA polymer fibers fabricated by solution electrospinning, depending 

on the rotation speed: a), b) 2.4 µm, 250 rpm; c), d) 2.2 µm, 500 rpm; e), f) 2.2 µm, 

750 rpm; g), h) 2 µm, 1000 rpm 
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The major influence of the rotation speed change is on the thickness of the produced 

fibers. The influence of the rotation speed of the drum is obvious, as shown in Fig 7. 

Increase of the rotation speed produces thinner fibers. Fiber diameter was approx. 2.4 µm 

at 250 rpm, down to 2 µm at 1000 rpm. The rotating drum twists the fiber additionally, 

making it thinner, and continually winds the fibers onto the drum, unlike the stationary 

plate collector. Comparison of the fiber diameter sizes for different electrospinning 

methods used in this work is shown in Table 1. 

Table 1 Comparison of fiber diameter sizes for different electrospinning methods  

Electrospinning method Fiber diameter, µm 

Melt electrospinning, material: PCL 20 

Solution electrospinning, plate collector, material: FP2 Fluoropolymer 0.5 – 0.8 

Solution electrospinning, drum collector, 250 rpm, material: PLGA 2.4 

Solution electrospinning, drum collector, 500 rpm, material: PLGA 2.2 

Solution electrospinning, drum collector, 750 rpm, material: PLGA 2.2 

Solution electrospinning, drum collector, 1000 rpm, material: PLGA 2 

Comparison of the scaffolds produced on the plate and drum collectors indicate certain 

differences. The major difference between the fibers and the scaffolds produced by the 

solution electrospinning with the plate collector to the same technology with the drum 

collector is the resulting shape of the scaffold, together with different pore spatial 

distribution within the scaffold and the thickness of the electrospun fibers. The scaffolds 

produced on the plate collector comprise completely random positioning of the fibers falling 

upon it. The drum collector rotation influences some degree of ordered positioning of the 

falling fibers with simultaneous winding of the fibers onto the drum, which is similar to the 

spinning wheel used for textile yarn production. Fibers are not completely arranged along 

one line in the direction of rotation, but the scaffold exhibits a much less random structure in 

comparison with the standard solution electrospun fiber on the plate collector.  

Using melt materials like in 3D printing, the electrospun fibers do not exhibit electrical 

instabilities which are imminent to the solution electrospinning, as one of the main reasons 

for poor repeatability of results [3]. Accordingly, better control of the resulting scaffold 

properties can be gained.  

An additional advantage of the combination of 3D printing and standard electrospinning 

is adaptability of the device and its low cost, thus enabling wide investigation of possible 

tissue engineered scaffold models. For example, combination of layers can be realized, by 

using two heads alternatively, one after each other, in one electrospinning process. FDM jet 

head can be used to fabricate one type of fiber layers, upon which a layer produced by 

solution electrospinning is placed, alternatively many times, thus producing scaffolds 

comprising two materials (e.g. drug loaded fibers throughout the scaffold made of another 

material). Customization of the material composition of the input wire can be efficiently 

performed by using a wire extruder, thus enabling different composites and material 

combinations. Hence, the drug loaded polymer wire can be prepared at the extruder and 

enter the FDM jet head of the custom electrospinning device. Our results show that this low 

cost, simple solution is well suited for production of drug loaded micro-fibers and fibrous 

scaffolds for tissue engineering (e.g. for wound patches). However, further investigations are 

needed related to the precise control of all process parameters and especially of their 

influence on the morphology and structure of the resulting tissue scaffolds. 
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4. CONCLUSIONS 

Electrospinning has gained significant attention as efficient technology for production of 

nano- and micro-fibers and porous, fibrous structures for tissue engineering scaffolds. Our 

investigation shows that customization of device elements can influence the properties of 

final fibers, such as: morphology or thickness, as well as the final mat properties (size, shape, 

thickness, porosity). It is shown that a combination of 3D printer elements (FDM head) with 

an electrospinning device is completely suited for fabrication of micro-fibers. A direct 

possibility derived from using the FDM head as the electrospinning jet head is opening up of 

possible input material combinations aiming towards hollow and drug loaded fibers. The 3D 

printer head enables customized input material since the applied wire is produced by using 

an extruder which enables different material combinations, including drug loading of the 

wire. It is shown that this is a cost-efficient solution for melt-electrospinning of micro-fibers. 

There is a clear difference in diameter sizes of such melt-electrospun fibers, in comparison 

with the standard solution electrospinning. PCL polymer fibers of micro-size diameter 

(approx. 20 µm) are fabricated by using melt electrospinning with an adapted 3D printer 

head, whereas the solution electrospinning results in thinner fibers (FP2 Fluoropolymer, 0.5-

0.8 µm and PLGA, 2 – 2.4 µm). Fibers and scaffolds produced on the stationary plate and 

the rotating drum collector are different, respectively, regarding diameter size (0.5 – 0.8 µm, 

plate collector; 2 – 2.4 µm, drum collector) and uniformity of the fibers positioning within 

the scaffolds. Increase of the rotation speed results in thinner fibers. Further investigation is 

needed to provide a full process control, and comprehensively understand relations between 

specific electrospinning technology and process parameters and the morphology and 

structure of the fabricated fibers and fibrous scaffolds.  
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