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Abstract: A successful scaffold should have a highly porous structure and good mechanical stability.
High porosity and appropriate pore size provide structural matrix for initial cell attachment and
proliferation enabling the exchange of nutrients between the scaffold and environment. In this paper
the highly porous scaffold of poly (e—caprolactone) electrospun nanofibers could be manufactured with
an auxiliary electrode and chemical blowing agent (BA) under several processing conditions, such as
the concentration of PCL solution, weight percent of a chemical blowing agent, and decomposition time
of a chemical blowing agent. To attain stable electrospinnability and blown nanofiber mats having high
microporosity and large pore, a processing condition, 8 wt% of PCL solution and 0.5 wt% of a chemical
blowing agent under 100 C and decomposition time of 2~3 s, was used. The growth characteristic
of human dermal fibroblasts cells cultured in the mats showed the good adhesion and proliferation on
the blown mat compared to a normal electrospun mat.
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Table 1. Conventional Scaffold Processing Techniques for Tissue Engineering”™®

Process

Advantages

Disadvantages

Solvent casting and
particulate leaching

Fiber bonding High porosity

Phase separation

Melt moulding
pore size
Macro shape control

Membrane lamination Macro shape control

Independent control of porosity and pore size

Polymer/ceramic fibre
composite foam

High—pressure processing No organic solvents

Freeze drying

Large range of pore sizes

Independent centrol of porosity and pore size
Crystallinity can be tailored

Highly porous structures

Highly perous structure
Permits incorporation of bioactive agents

Independent control of porosity and

Independent control of prosity and pore size
Superior compressive stength

Highly porous structures

Limited membrane thickness(3 mm)
Limited interconnectivity

Residual porogens

Poor control over internal architecture
Limited range of polymers

Residual solvent

Lack of mechanical strength

Poor control over internal architecture
Limited range of pore sizes

High temperature required for
nonamorphous polymer
Residual porogens

Lack of mechanical strength
Limited interconnectivity

Problems with residual solvent
Residual porogens

Nonporous external surface
Closed—pore structure

Limited to small pore sizes

High pore interconnectivity

Hydrocarbon templating

No thickness limitation
Independent control of porosity and pore aize

Residual solvents
Residual porogens
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Figure 1. TGA thermogram of a chemical blowing agent used in
this study.
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Figure 2. A schematic diagram of electrospinning process
supplemented with an auxiliary cylindrical electrode and a
chemical blowing agent.
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Figure 3. Photographs taken with a digital camera: (a) unstable
initial spun jets of normal electrospinning and (b) stable initial
spun jets by using an auxiliary cylindrical electrode under the
applied same electric voltage.
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Figure 4. A PCL nanofiber mat after decomposition of a che—
mical blowing agent.
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Figure 5. PCL nanofiber mats (a) with and (b} without blowing

agent under a blowing condition, 100 T and decomposition time
of Z s.

(a) Low viscosity

(b) High viscosity

Figure 6. Effect of the viscosity of PCL solution for structuring
a foamed PCL nanofibers: (a) n=175 cP at y =100 (1/s) and
() =489 cP at y =100(1/s).
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Figure 7. Effect of a chemical blowing agent content on the
pore structure of PCL nanofiber mat.
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Figure 8. (a) Pore size and (b) porosity of PCL nanofiber mats
fabricated by an electrospinning process supplemented with a
blowing agent.
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(a) with BA
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Figure 9. Pore—structure change under the UV exposure of PCL
nanofiber mats: (a) with and (b) without a blowing agent.

106_

—0—BA_Free
—0—BA_0.5wi%

N S
- O—O— OO OO

10°L

Log E’(Pa)

saal 1 i

0.1 1 10
Frequency(Hz)

Figure 10. The result of dynamic mechanical analysis of a normal
PCL and a blown PCL nanofiber mat.
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Figure 11. SEM images of PCL scaffolds made (a) with and (b)
without a blowing agent.
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