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Abstract  Every country in the world is now developing their medical innovation from the problems they are facing. 
Promising bio-materials as scaffold production from bio polymers is one of great innovation in the field of tissue engineering 
which has been involved to various application in the field of bio-medical engineering. There are many biopolymer can be 
used to produce scaffold but we have chosen PCL (POLY CAPRALACTONE) biodegradable Polymer to produce nano 
fibers or scaffold via electro spinning technique because it’s a easiest way for production nano fibers as scaffold. The target of 
this study is production of scaffold from biodegradable polymer (PCL) for tissue engineering purpose & this work is includes: 
- Nano fibers as scaffold production from PCL (POLYCAPROLACTONE) polymers via electrospinnig process. 
-Observation of the effect of solution viscosity. -Observation of solvents effect on fibers surfaces as scaffold. -Analysis 
surface or fibers morphology & diameter via microscopic tester. 
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1. Introduction 
PCL is a biodegradable polymer with 59-64° temperature, 

Tg -60° & rubbery state [1-3]. The erosion rate of 
biodegradable Nano fibers are following the order PGA, 
PLGA PLLA, PCL [4]. Electros pining is easiest and popular 
technique and Electro spun Nano fibers are produced from 
different polymers (natural or synthetic polymers) for 
different applications [5, 6]. PCL is most promising 
synthetic/ semicrystaline biodegradable polymer & it 
degrades very slower [7, 8] and its with a wide range of 
applications in the field of tissue engineering such as 
delivery device or commercial sutures, biomedical materials 
due to physical properties [9-13] & biological properties 
[14-17] like blood vessel [18-20], bone scaffold [9, 21-24], 
nonwoven membranes [9, 25] etc. PCL has less mechanical 
properties but it can be blending with natural polymers [26], 
synthetic polymers [27, 28] by electro spinning technique for 
tissue engineering. 

2. Raw Materials 
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Electro spun PCL Nano fibers which have dissolved into 
most of solvent but some are given below in a table:- 

Table 1.  Solvent for Electro spun PCL Nanofibers 

Serial 
No. Solvent Concentration 

Fabrication 
Technique 

References 

1 Acetic acid 5 - 15 W/W% Electro 
spinning 29 

2 CF & 
methanol 

10 -20 
W/W% 

Electro 
spinning 

30, 31, 32, 
33 

3 Formic 
acid 30 W/V% Electro 

spinning 34, 35 

4 Methylene 
chloride 3 Wt.% Electro 

spinning 36 

5 NMP 15 W/W% Electro 
spinning 37 

6 THF 15 W/W% Electro 
spinning 37 

7 ACETONE 15 W/W% Electro 
spinning 37, 38 

8 THF/DMF 2 g/14 ml 15 
Wt.% 

Electro 
spinning 39, 40 

2.1. Parameters of Electro Spinning 

There are many parameters can be effected on the electro 
spinning process such as Viscosity, conductivity, solvent, 
Surface tension, flow rate, collector take up, Velocity, 
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polymer, temperature, collector, needle design, needle dia 
etc. Several parameters are used in this work, which are most 
important for electro spinning these are:-  

Table 2.  Parameters of Electro spinning 

Parameters Used in this work Normal ranges 

Polymer Type: 
Biodegradable 

Biodegradable (PCl) 50+ polymers 

Viscosity 8%, 10%, 15% 8-12% 

Needle Dia 0.6 nm 0.6 nm 

Distance 15 cm 10-20 cm 

Voltage 20KV 10-50KV 

Solvents Ethanol (TFE) (10%) Organic 

Solvent solution Ethanol 99%, acetone 95% Depend on test. 

3. Methodology 
PCL/ethanol & PCL acetone solution viscosity  

a) (PCL 3g + METHANOL 27gm) = 10% viscosity  
Similarly, acetone 

b) 8% & 15% viscosity 
These have been used to produce Nano fibers by 

electrospining technique. 

 

Figure 1.  Schematic representation of the electrostatic fiber spinner 

The polymer fluid is delivered to the capillary at a constant 
flow rate .An Electric field is generated by applying a high 
voltage between the metal capillary and the collector finally 
output is Nano fibers. 

In this work, the Polymer solutions have been dissolved 
into solvent and then delivered at constant rate to a metal 
capillary connected to a high voltage supply (20kv) after that 
the solvent evaporated and charged polymers have been 
deposited on the collector plate in the form of Nano fibers. 

3.1. Flow Rate 

Only 10% viscosity has been showed by this figure 2. 

 

Figure 2.  Flow rate of solution 

This figure state that time decreases at constant flow rate 
of 0.0389ml/min & the flow rate is mainly depending on 
solution viscosity. The solution viscosity depends on 
solvents & polymer used which can be controlled by 
Adjusting polymer concentration [41] & the solution 
temperature. [42] 

On the other hand higher polymer concentration increases 
solution viscosity but higher temperature reduce it. [43] 
a) Analysis methods: 1 

 

Figure 3.  PCL Nano fibers as scaffold has been scanning by electron 
microscopy & diameter has been evaluated by showing in views a 
magnifications 200x, 1000x, 2000x times. Diameter has been measured by 
nm scale with axiovision rel4.8 software for various solution concentrations 

b) Analysis methods: 2 
c) Analysis methods: 3 

The PCL/ethanol & PCL/Acetone flow rate through the 
needle has been constant during Nano fibers as scaffold 
production but an electro spun fiber morphology has been 
investigated by mixing at various concentrations. Solution 
viscosity have been observed by Scanning electron 
micrographs of electro spun fibers at varying solution 
viscosity (8/10/15%) that increasing solution concentration 
increased viscosity and the increased solution viscosity 
which has been resulting in larger fiber diameter. [44-47] 
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Figure 4.  The SEM image has been showed that fiber distribution is most important for cell adhesions in the scaffold as tissue engineering in human body 
& diameters of Nanofibers 100-500nm 

 

(a)                           (b)                            (c) 

Figure 5.  Representative images of fibers spun at (a) low, (b) intermediate, and (c) high viscosity 

 
4. Results & Discussions 

In this work solvents taken ethanol & acetone. Scaffold 
samples have been produced through acetone 95% & ethanol 
99%. These solvent should not modify the fibers. 

Table 3.  Scaffold samples have been produced using ethanol 99% 

Serial No. Sample: ethanol % Effect on scaffold 

1. Scaffold 99 No 

2. Scaffold 99 No 

Table 4.  Scaffold samples have been produced using acetone 95% 

Serial No. Sample: Acetone % Effect on scaffold 

3. Scaffold 95 No 

4. scaffold 95 No 

The constant flow rate of solution is most important for 
properly fiber distributions in the scaffold which have been 
shown in image. Solvents have not effect on scaffold 
morphology & almost same. (Image 2) shows that uniform 
fiber distribution happened in the scaffold and fibers 
diameter ranges 100-500nm. 

5. Conclusions 

PCL is versatile polymer for tissue engineering 
applications. Ethanol/acetone has been used to fabricate 
Nano fibers as scaffold by electro spinning but they have not 
effect on scaffold morphology or fiber surfaces but solvents 
has effect on viscosity of polymer solution which can 
produces coarser or finer fibers diameter.  
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