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Statement of Purpose:  Electrospun tissue engineering 

scaffolds have recently garnered attention due to their 

potential ability to emulate the extracellular matrix.
1,2

  It 

is well known that by changing the electrospinning 

process parameters, it is possible to alter the morphology 

of the fibers.
3
 In addition, mechanical properties may be 

affected by changing the process parameters. While 

several groups have investigated the mechanical 

properties of electrospun polycaprolactone, there is a lack 

of information assessing the synergistic effect of multiple 

process parameters.
1,2

 In this work, we examine tensile 

stress and strain as a function of solution concentration, 

applied voltage and solution flow rate from the syringe. 

Methods: Our custom built electrospinner was used to 

spin flat scaffolds, using polycaprolactone (Mn 80000 

kDa, Aldrich) dissolved in chloroform (≥99.8% HPLC 

grade, Sigma-Aldrich) at either 8 wt%, 10 wt% or 12 wt% 

concentrations.  The solution flow rate from the syringe 

was 11.8 µL/min, 29.4 µL/min, and 47.1 µL/min. Gap 

voltages of 8 kV, 11 kV, 14 kV, and 17 kV were used. 

In order to compare the effect of concentration, all three 

concentrations were expelled at a flow rate of 11.8 

µL/min, while applying each of the voltages. To compare 

the effect of flow rate, 12 wt% solution was expelled at 

each of the flow rates, using each of the applied voltages. 

By applying all voltages to each set, we were able to 

examine the effect of voltages. Three scaffolds of each 

combination were manufactured.  After manufacturing, 

samples were cut into 2 cm x 1 cm rectangles, 

approximately 0.3 mm thick. A constant rate of extension 

(CRE) test was performed on each sample set in 

accordance with ASTM D 5035 (1.00 mm/s extension 

rate, 0.5 N preload).  Minor modifications to the protocol 

were made to account for limitations associated with the 

electrospinning process, including the size of the 

specimen and the lot size.   

Using stress-strain data, we determined the strain at 

failure; defined as the strain at which the corresponding 

stress reached 50% of the ultimate tensile stress. We 

compared our findings from the tensile tests with SEM 

images of the specimens including those in Figure 1.  

Results/Discussion:  The strain at failure, as determined 

by our tensile tests, is shown in Figure 2.  We observed a 

more definitive change in mechanical properties as a 

result of concentration than as a result of either flow rate 

or applied voltage.  The 12 wt% scaffolds showed a much 

greater strain at failure as well as improved ultimate 

tensile strength as compared with 8 wt% and 10 wt% 

scaffolds.  We also noted a distinct double peak in several 

of our stress-strain graphs  (not shown) insinuating a 

strength recovery with increased strain, particularly in 

scaffolds made using 12 wt% solution at 14 kV. Using a 

12wt% solution at 11.8 µL/min appears to provide the 

most favorable mechanical properties regardless of 

applied voltage.   The increased mechanical properties as 

a function of solution concentration are most likely based 

upon fiber diameter and consistency as shown in Figure 1.  

Larger, consistent diameter fibers allow the load to be 

distributed over a greater cross-sectional area.  

Conclusions: Based on our results, solution concentration 

has a greater impact on mechanical  properties of 

electrospun polycaprolactone than either flow rate or 

applied voltage. 
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Figure 1: SEM images of 

fibers made with (A) 8 

wt%, (B) 10 wt% and (C) 

12 wt% solutions at 

11.8µL/min with 14 kV 

applied voltage. 
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Figure 2: Strain at failure when flow rate is constant 

(top) and concentration is constant (bottom). (n=3) 


