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ABSTRACT
The electrospinning device is used in the biomaterials research field nowadays for fabricating nanofibers that can

be used for manufacturing artificial skin and muscular tissue, blood vessels (vascular grafts), orthopedic components
(bones, cartilages, and ligaments/tendon), and peripheral or central nervous system components. Electrospun
nanofibers act as ideal scaffolds for tissue engineering and drug delivery systems because they can mimic the functions
of native extracellular matrices. A low cost electrospinning device was designed and built for undergraduate practical
learning in the Biomaterials course in the area of Bioengineering at Universidad Autónoma de Baja California, México.
The methodology includes 3D CAD designing, manufacturing of the acrylic cabinet, different collectors and the
fabrication of poly (vinyl alcohol) nanofibrous scaffolds, in order to validate the functionality of the electrospinning
system. The prototype is an affordable device; its cost is 95% less than the laboratory commercial devices.
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RESUMEN
El dispositivo de electrohilado es actualmente empleado en la investigación de biomateriales, utilizado para

sintetizar nanofibras que ofrecen un potencial para la manufactura de piel artificial y tejido muscular, vasos sanguíneos
(implantes vasculares), componentes ortopédicos (hueso, cartílago y tendones/ligamentos) y componentes del sistema
nervioso central y periférico. Las nanofibras producidas por electrohilado pueden ser usadas como andamios ideales
para ingeniería de tejidos y liberación controlada de fármacos debido a que mimetizan las funciones de la matriz
extracelular. El dispositivo de electrohilado de bajo costo fue diseñado y construido para al aprendizaje practico
de estudiantes de licenciatura en la asignatura de Biomateriales de la carrera de Bioingeniería. La metodología
incluye diseños CAD 3D, manufactura del gabinete de acrílico, diferentes colectores y fabricación de los andamios de
nanofibras de Poli (vinil alcohol) para validar la correcta funcionalidad del sistema de electrohilado. El prototipo es
un dispositivo accesible económicamente, su costo es un 95% más barato que los dispositivos de tipo comercial.
Palabras clave: biomateriales, bioingeniería, electrohilado, modelos en SOLIDWORKS, nanofibras.

INTRODUCTION

Bioengineering is a multidisciplinary field
that creates and innovates new strategies,
which revolutionize our life style. Commonly
known as a “technology based on biology”
bioengineering has had a direct effect to
the world. Through the breakthrough of
bioengineering in medicine, for example,
antibiotics, scientists are creating insulin
using bacteria in the comfort and safety of
their labs [1].

David A. Tirrell (2012) [2], from
the National Science Foundation (NSF),
proclaimed, “Biomaterials is a rapidly
emerging component of the materials research
community”. Research in this area covers
a broad range of activities that include the
development of materials used for (1) delivery
of therapeutic and diagnostic agents, (2)
construction of medical devices that must
be compatible with the living systems in
which they are in contact and (3) scaffolds for
tissue engineering and regenerative medicine
applications. Other aspects in this field
involves exploiting mimicry of, inspiration by,
or co-opting of biological systems to enable
creation of novel functional Biomaterials.

Undergraduate Bioengineering students
must learn chemistry, physics, mathematics
and engineering. They must be proficient
in several disciplines in order to understand
how materials are fabricated, characterized
and employed. Since students enter the
biomaterials research field with a variety of
backgrounds, such as chemistry, chemical
engineering, mechanical engineering,
pharmaceutical chemistry, biology, or
computer science, they lack a shared set of
core ideas and information [2].

Electrospinning has proved being a
useful alternative for tissue regeneration,
it is a versatile and inexpensive technique
for manufacturing polymeric scaffolds that
mimic the extracellular matrix of soft and
hard tissues; therefore its study can be useful
for undergraduate students.

Electrospinning procedure

Electrospinning is a commonly used
technique for the fabrication of fibers at
nanoscale level, this procedure uses an
electrical field for the formation of the
nanofibers, which can be made of polymeric,
metallic, ceramic or composite solutions.
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Figure 1: Basic configuration of a electrospinning
device.

T h e e l e c t r o s p i n n i n g p r o c e s s c o m p r i s e s o f
t h r e e s t a g e s :

F i r s t t h e s y r i n g e p u m p a n d t h e p o w e r
s u p p l y a r e s w i t c h e d o n a n d v o l t a g e i s
a d j u s t e d f r o m 5 k V t o 50 K V d e p e n d i n g
o n t h e d i e l e c t r i c c o n s t a n t o f t h e s o l v e n t
a n d t h e v i s c o s i t y o f t h e s o l u t i o n . T h e
e l e c t r i c p o t e n t i a l c h a r g e s t h e d r o p o f p o l y m e r
s o l u t i o n f o r m e d a t t h e t i p o f t h e n e e d l e , a n d
t h e i n d u c e d c h a r g e s a r e e v e n l y d i s t r i b u t e d .
T h e j e t f o r m s w h e n t h e p o t e n t i a l o v e r c o m e s
t h e s u r f a c e t e n s i o n o f t h e d r o p .

A s c h e m a t i c o f a n e l e c t r o s p i n n i n g d e v i c e i s
s h o w n i n fi g u r e 1. V o l t a g e i s a p p l i e d b e t w e e n
t h e n e e d l e t i p o f t h e i n j e c t o r a n d t h e c o l l e c t o r ,
c h a r g i n g t h e p o l y m e r s o l u t i o n , w h i c h f o r m s a
j e t t h a t i s e l e c t r i c a l l y a t t r a c t e d a n d d e p o s i t e d
a s s o l i d fi b e r s i n t h e c o l l e c t o r [ 3- 6] .

T h e e l e c t r o s t a t i c fi e l d d i s t o r t s t h e d r o p
i n t o a c o n e a t t h e t i p o f t h e n e e d l e , n a m e d
“ T h e T a y l o r c o n e ” [ 7] . T h e p o l y m e r i c
s o l u t i o n e m e r g e s f r o m t h e n e e d l e ’ s t i p a n d
f o r m s a d r o p l e t . T h e c h a r g e d n e e d l e t r a n s f e r s
i t s e l e c t r i c a l e n e r g y t o t h e b e a d . A t a
s p e c i fi c v o l t a g e , t h e d r o p l e t w i l l c h a n g e i t s
m o r p h o l o g y a s i t g e t s p u l l e d t o w a r d s t h e
c o l l e c t o r , c r e a t i n g t h e T a y l o r c o n e [ 4] . T h e
g e o m e t r y o f t h e c o n e i s r u l e d b y t h e r a t i o o f
t h e s o l u t i o n ’ s s u r f a c e t e n s i o n t o t h e f o r c e s o f

e l e c t r o s t a t i c r e p u l s i o n a n d t h e fi e l d s t r e n g t h ,
E . D u r i n g s t a g e 1, a s t h e v o l t a g e s u r p a s s e s
t h e t h r e s h o l d v o l t a g e ( ∼6k V ) , t h e s t r e n g t h
o f E fi e l d a n d e l e c t r o s t a t i c r e p u l s i o n s i n
t h e p o l y m e r i c s o l u t i o n g r o w a n d o v e r c o m e
t h e o p p o s i n g f o r c e o f t h e s o l u t i o n ’ s s u r f a c e
t e n s i o n , fi n a l l y r e s u l t i n g i n t h e f o r c e d e j e c t i o n
o f a s t a b l e l i q u i d j e t f r o m t h e n e e d l e . I n
s t a g e 2, a s t h e v o l t a g e i s i n c r e a s e d b e y o n d
t h e t h r e s h o l d v o l t a g e ( >6k V ) t o n e a r 11 k V ,
t h e s t a b l e j e t d e s t a b i l i z e s . T h e l i q u i d j e t i s
e j e c t e d f r o m t h e t i p o f t h e c o n e . A s t h e j e t
t r a v e l s t o t h e c o l l e c t o r i t s t r e t c h e s a n d l o o p s
a s t h e s o l v e n t i s e v a p o r a t e d .

T h e e l o n g a t i o n o f t h e p o l y m e r fi b e r i s
d u e t o s y n c h r o n i z e d b u t s e p a r a t e e v e n t s : t h e
s o l v e n t e v a p o r a t i n g f r o m t h e p o l y m e r , w h i c h
s o l i d i fi e s t h e fi b e r , a n d t h e c h a r g e s w i t h i n
t h e p o l y m e r r e p e l l i n g e a c h o t h e r . T h e r e s u l t
i s a d r a s t i c r e d u c t i o n i n t h e d i a m e t e r o f t h e
fi b e r w i t h a s i g n i fi c a n t i n c r e a s e i n l e n g t h [ 5] .
T h e s t a g e 2 i s t h e b o u n d a r y b e t w e e n t h e
s t a b l e a n d w h i p p i n g j e t . D u r i n g s t a g e 3,
n a n o fi b e r s a r e f o r m e d t h r o u g h t h e e l o n g a t i o n ,
e v a p o r a t i o n , a n d d e p o s i t i o n o f t h e fl o g g i n g
j e t . F i n a l l y , t h e fi b e r s a t t r a c t e d t o w a r d s t h e
g r o u n d e d c o l l e c t o r d u e t o t h e a t t r a c t i o n o f
o p p o s i t e c h a r g e s a n d a r e d e p o s i t e d o n t o i t s
s u r f a c e . A l t h o u g h m o s t o f t h e s o l v e n t w i l l
e v a p o r a t e a s t h e j e t w h i p s t h r o u g h t h e a i r ,
r e s i d u e s w i l l e v a p o r a t e u p o n d e p o s i t i o n [ 6] .

Electrospun nanofibers applications

E l e c t r o s p u n s c a � o l d s h a v e s e v e r a l
a d v a n t a g e s f o r t i s s u e e n g i n e e r i n g : s u i t a b l e
t o p o g r a p h y ( 3D s t r u c t u r e , p o r o s i t y ,
a l i g n m e n t a n d n a n o s c a l e s i z e ) , a b i l i t y
o f e n c a p s u l a t i n g i n t e r e s t i n g c h e m i c a l
c o m p o u n d s ( p h a r m a c e u t i c a l d r u g s , g r o w t h
f a c t o r s ) , l o c a l s u s t a i n e d r e l e a s e o f s u c h
c o m p o u n d s a n d s u r f a c e f u n c t i o n a l i z a t i o n
( a t t a c h m e n t o f f u n c t i o n a l g r o u p s ) ( fi g . 2) .
M a t e r i a l s u s e d f o r t i s s u e e n g i n e e r i n g m u s t
b e b i o c o m p a t i b l e , t h e y c a n b e n a t u r a l o r
s y n t h e t i c b i o d e g r a d a b l e p o l y m e r s a n d b l e n d s
w i t h b i o a c t i v e o r g a n i c o r i n o r g a n i c m a t e r i a l s
[ 8 ] .
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E l e c t r o s p u n fi b e r s c a n b e u s e d t o
f a b r i c a t e a r t i fi c i a l b l o o d v e s s e l s . A l i g n e d
n a n o fi b e r s o f b i o d e g r a d a b l e p o l y ( L - l a c t i d -
c o – c a p r o l a c t o n e ) h a v e b e e n e v a l u a t e d a s a
p o t e n t i a l s c a � o l d f o r b l o o d v e s s e l e n g i n e e r i n g
t h r o u g h c u l t u r i n g h u m a n c o r o n a r y a r t e r y
s m o o t h m u s c l e c e l l s [ 8 ] .

O n e o f t h e c h a l l e n g e s i s a c h i e v i n g e n o u g h
c e l l u l a r i n fi l t r a t i o n i n t o t h e e l e c t r o s p u n
fi b r o u s s c a � o l d s . T h i s w a s s o l v e d
i n p a r t b y c o m b i n i n g e l e c t r o s p i n n i n g
a n d e l e c t r o s p r a y i n g t o f a b r i c a t e c e l l -
m i c r o i n t e g r a t e d b l o o d v e s s e l c o n s t r u c t s
t h a t w e r e h i g h l y c e l l u l a r i z e d w i t h s m o o t h
m u s c l e c e l l s ( S M C s ) i n t h e i n t e r i o r o f
t h e w a l l s . T h e s e c o n d u i t s w e r e s h o w n
t o b e b i o c o m p a t i b l e , s t r o n g e r a n d p o s s e s s
c o m p l i a n c e v a l u e s s i m i l a r t o n a t i v e b l o o d
v e s s e l s [ 8 ] .

T i s s u e e n g i n e e r i n g c a n w o r k t o g e t h e r
w i t h s t e m c e l l b i o l o g y a n d g e n e t h e r a p y t o
c r e a t e i n n o v a t i v e s t r a t e g i e s f o r b l o o d v e s s e l
r e g e n e r a t i o n . F o r e x a m p l e , a v a s c u l a r g r a f t
h a s b e e n f a b r i c a t e d b y s e e d i n g g e n e t i c a l l y
e n g i n e e r e d m e s e n c h y m a l s t e m c e l l ( M S C s )
o n t o a t u b u l a r s c a � o l d o f e l e c t r o s p u n p o l y
( p r o p y l e n e c a r b o n a t e ) a n d t h e s e e d e d c e l l s
w e r e i n c o r p o r a t e d i n t o t h e m i c r o s t r u c t u r e o f
t h e g r a f t t o f o r m a 3D c e l l u l a r n e t w o r k [ 8 ] .

F e w r e p o r t s o n t h e c o n s t r u c t i o n o f a
t e a c h i n g - f o c u s e d l a b o r a t o r y e l e c t r o s p i n n i n g
d e v i c e a r e k n o w n i n l i t e r a t u r e , c o m m e r c i a l
d e v i c e s a r e e x p e n s i v e f o r e d u c a t i o n a l a n d

Figure 2: Applications of electrospun nanofibrous
scaffolds.

t r a i n i n g p u r p o s e s . T h e p r i c e o f a s i n g l e -
n o z z l e e l e c t r o s p i n n i n g m a c h i n e l i k e t h o s e
t y p i c a l l y u s e d i n a l a b o r a t o r y m a y r a n g e
f r o m $ 17, 000 t o $ 60, 000 U S D , a c c o r d i n g
t o A b d u l a h A s l a m a c i o f N a n o F M G [ 9 ] .
E q u i p m e n t f o r m a s s - p r o d u c i n g e l e c t r o s p u n
fi b e r s c a n r a n g e f r o m 170, 000to300, 000 U S D .
P r i c e s v a r y d e p e n d i n g o n b r a n d a n d m a r k e t
fl u c t u a t i o n s . H o w e v e r , e a c h u n i v e r s i t y
m a y c o n s t r u c t t h e i r o w n l a b o r a t o r y d e v i c e s .
M a c h i n e s a b l e t o e l e c t r o s p i n fi b e r s c a n b e
e a s i l y c o n s t r u c t e d f r o m s i m p l e l a b s u p p l i e s
f o r m u c h l e s s , a s s u m i n g a h i g h - v o l t a g e
p o w e r s o u r c e i s a v a i l a b l e . F o r e x a m p l e ,
t h e M a t e r i a l s R e s e a r c h I n s t i t u t e ( I n s t i t u t o
d e I n v e s t i g a c i o n e s e n M a t e r i a l e s ) o f t h e
U n i v e r s i d a d N a c i o n a l A u t ó n o m a d e M e x i c o
f a b r i c a t e d t h e i r o w n e l e c t r o s p i n n i n g d e v i c e s ,
c o l l e c t o r s a n d a c c e s s o r i e s , g i v i n g t h e g r o u p
o f r e s e a r c h e r s a n d s t u d e n t s t h e a b i l i t y t o
i n n o v a t e s c a � o l d s f o r t i s s u e e n g i n e e r i n g [ 10] .

METHODOLOGY

Materials

P o l y ( v i n y l a l c o h o l ) P V A ( M w = 13, 000
- 23, 000, 8 7% - 8 9 % h y d r o l y z e d f r o m
A L D R I C H ) , a c e t i c a c i d , d i s t i l l e d w a t e r , w a s
u s e d a s p u r c h a s e d . A c r y l i c s h e e t w a s
o b t a i n e d f r o m a l o c a l h a r d w a r e s t o r e .

Electrospinning chamber construction

A n e l e c t r o s p i n n i n g c h a m b e r w a s b u i l t u s i n g
a n a c r y l i c s h e e t ( 0. 5 c m t h i c k ) . F i r s t , t h e
s h e e t w a s d i v i d e d i n t o s i x p a r t s w i t h a t a b l e
s a w u s i n g a s a w b l a d e s u i t a b l e f o r p l a s t i c
c u t t i n g . T h e n , u s i n g a m i l l i n g m a c h i n e
( B i r m i n g h a m B P S 1649 - C ) t h e a c r y l i c p a r t s
h a d t h e i r d i m e n s i o n s a d j u s t e d ( f o u r a c r y l i c
s h e e t s m e a s u r e d 79 c m l e n g t h a n d t h e o t h e r
t w o m e a s u r e d 50 c m l e n g t h ) .

A 60 x 29 c m r e c t a n g u l a r h o l e w a s c u t a t
t h e c e n t e r o f o n e o f t h e 79 x 51 c m s h e e t s
t o c r e a t e a n a c r y l i c a c c e s s w i n d o w , w h i c h
w a s c o v e r e d w i t h a h i n g e d r e c t a n g u l a r d o o r
( 61x 30 c m ) . I n a d d i t i o n , a h o l e ( 1. 5 c m d i a . )
w a s d r i l l e d i n t h e c e n t e r o f o n e o f t h e 50 x 50
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cm sheets in order to insert a rubber stopper
intended to be punctured by the needle under
sealed conditions.

The rectangular chamber was assembled
with the aid of corner clamps, aligning
the edges before applying acrylic cement
and gluing the pieces together. To ensure
stability, three acrylic 90o “L” reinforcements
were placed equally spaced along the inner
edges of the chamber. Two acrylic hinges
were placed near the edges of the door and
glued in place with acrylic cement. To lock
the door two latches were fixed under the
door. The door was sealed using adhesive
foam along the edges. For preventing injuries,
and to protect the chamber from damage,
plastic protectors were glued around the
outside edges of the chamber.

Collector

Different types of simple collectors can be
constructed for obtaining fibers and scaffolds
of different characteristics, such as orientation
and form. The collector’s base was built using
the remaining pieces of acrylic. Collectors
were designed with SolidWorks software and
made out of aluminum and copper. Their
function was to collect the fibers randomly,
while being static.

Syringe pump and power supply

A single syringe pump (World Precision
Instruments (WPI) SP120PZ) and a power
supply (Spellman’s Bertan Brand High
Voltage Module, Model: 605C - 200P) were
used (fig. 4).

Validation of electrospinning setup
functionality

PVA dissolution

Two 50% (w/v) PVA solutions were prepared
at 80oC under constant stirring for one hour
using distilled water as a solvent in the first
one (PVA1) and a 2% acetic acid solution in
the second (PVA2). These solvents yielded

successful PVA nanofiber production [10].
Once dissolved, the solutions were let to settle
overnight to remove bubbles.

PVA electrospinning

A plastic syringe (22G) was loaded with the
PVA solution removing the bubbles; two tests
were conducted. The first one at 10 cm
distance from the tip of the needle to the
collector position, 13kV of applied voltage
and 0.2 ml/h of injection rate of the solution
(PVA1). The second one at 15 cm, 20 kV and
0.2 ml/h (PVA2), both samples were left one
hour in the electrospinning system.

Scanning Electron Microscopy (SEM)

The morphology, porosity and diameter of
PVA fibers were determined with SEM; a
small section of the fiber mat was placed on a
SEM sample holder and sputter-coated with
gold. A JEOL JSM 7600F emission field
microscopy with an accelerating voltage of 20
KV was employed for the SEM photographs.

Fiber diameter and porosity of the
scaffolds

The average diameter of the fibers and
the porous area of the membranes were
determined from SEM micrographs with the
aid of a software (Image J).

The procedure for measuring the diameter
using ImageJ was: 1) load the SEM image
into the software; 2) select the measuring
tool; 3) set the scale, establishing a relation
between the unit of measure and the pixels;
4) measure the fiber diameter (at least 30
fibers were measured taken from first-plane,
continuous fibers); 5) calculate the mean
diameter, standard deviation and porous area
by using a Microsoft Excel data analyzing
software).

A similar procedure was used for
determining the porous area (empty spaces)
using ImageJ (steps 1 to 3). The pores were
differentiated by color and a particle analyzer
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t o o l w a s u s e d t o d e t e r m i n e t h e p e r c e n t a g e
b e t w e e n o n e c o l o r a n d t h e o t h e r .

RESULTS AND DISCUSSION

A f u l l y f u n c t i o n a l d e v i c e f o r t h e p r o d u c t i o n o f
n a n o fi b r o u s s c a � o l d s w a s b u i l t . T h e s c a � o l d s
i n t e n d t o s i m u l a t e t h e e x t r a c e l l u l a r m a t r i x
o f l i v i n g t i s s u e s ; i n o r d e r t o i n c o r p o r a t e
l a b o r a t o r y s e s s i o n s f o r t h e b i o m a t e r i a l s
c u r r i c u l u m o r s y l l a b u s l a b o r a t o r y e q u i p m e n t
o f t i s s u e e n g i n e e r i n g f o r u n d e r g r a d u a t e
s t u d e n t s . T h i s d e v i c e w i l l s e r v e a s a d i d a c t i c
p r o t o t y p e f o r f a b r i c a t i n g fi b r o u s s c a � o l d s .
I n t h i s c o u r s e t h e s t u d e n t s w i l l l e a r n
h o w d i � e r e n t t y p e s o f m a t e r i a l s ( c e r a m i c s ,
p o l y m e r s , m e t a l s a n d c o m p o s i t e s ) i n t e r a c t
w i t h t h e h u m a n b o d y w h e n i m p l a n t e d ;
t h i s i n c l u d e s t h e i r c h e m i c a l , b i o l o g i c a l a n d
m e c h a n i c a l p r o p e r t i e s . T h e e l e c t r o s p i n n i n g
d e v i c e a l l o w e d t h e i n c o r p o r a t i o n o f a s e r i e s
o f l a b o r a t o r y e x p e r i m e n t s t o c r e a t e p o l y m e r
s c a � o l d s w h i c h c o u l d b e u s e d f o r i m p l a n t s ,
w o u n d d r e s s i n g , d r u g d e l i v e r y , fi l t r a t i o n , e t c .
I n o r d e r t o s u c c e s s f u l l y p r e p a r e n a n o fi b r o u s
s c a � o l d s , s t u d e n t s s h o u l d s t u d y a n d p r a c t i c e
t h e c o r r e l a t i o n b e t w e e n t h e s o l u t i o n a n d
p r o c e s s i n g p a r a m e t e r s w i t h t h e fi b e r q u a l i t y .
T h e y w i l l l e a r n t h e e � e c t s o f t h e d i e l e c t r i c

c o n s t a n t o f t h e s o l v e n t , m o l e c u l a r w e i g h t o f
t h e p o l y m e r , v i s c o s i t y , t h e i n n e r d i a m e t e r
o f t h e n e e d l e , p o t e n t i a l d i � e r e n c e , n e e d l e -
c o l l e c t o r d i s t a n c e , c h a m b e r t e m p e r a t u r e a n d
r e l a t i v e h u m i d i t y o n t h e s c a � o l d ’ s p r o p e r t i e s
a n d t h e fi b e r c h a r a c t e r i s t i c s .

F i g u r e 3 s h o w s a b i o e n g i n e e r i n g
s t u d e n t w o r k i n g o n t h e c o n s t r u c t i o n o f
t h e e l e c t r o s p i n n i n g c a b i n e t ( a s s i s t e d b y
a m e c h a n i c a l w o r k s h o p e n g i n e e r ) . T h e
p u r p o s e o f t h e c a b i n e t , b e s i d e s w o r k i n g
u n d e r s a f e o p e r a t i n g c o n d i t i o n s , i s t o c o n t r o l
t e m p e r a t u r e a n d r e l a t i v e h u m i d i t y d u r i n g
e l e c t r o s p i n n i n g , a s i t h a s b e e n r e p o r t e d ,
t h e s e p a r a m e t e r s a � e c t t h e m o r p h o l o g y o f
t h e fi b e r s [ 12, 1] .

Figure 3: Acrylic Cabinet of the Electrospinning
device. a) Bioengineering student cutting an acrylic
sheet. b) The assembled acrylic cabinet.

Figure 4: The Electrospinning device. a) High voltage power supply. b) CAD representation of the chamber
and syringe pump.
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Figure 5: Fibrous Scaffolds Collectors. a) Copper round collector (Covered in aluminum foil for retrieving the
fibrous mats). b) Aluminum rectangular collector. c) Accessory to hold the collector and adjust the distance
between the collector and the needle tip. d) Collector accessory CAD model.

Collector plate characteristics

T h e s u r f a c e o f t h e c o l l e c t o r m u s t b e a
g o o d e l e c t r i c c o n d u c t o r s u c h a s c o p p e r
o r a l u m i n u m ; t h e s t u d e n t s f a b r i c a t e d t w o
a l u m i n u m p l a t e s , o n e i s a r e c t a n g l e ( 7. 4 c m
l e n g t h , 4. 9 c m h e i g h t , 1. 1 c m t h i c k ) a n d
a n o t h e r h a s a c i r c u l a r s h a p e ( 2. 8 c m d i a . ) .
I n a d d i t i o n , a c o l l e c t o r a c c e s s o r y b a s e w a s
d e s i g n e d t o h o l d t h e c o l l e c t o r i n p l a c e a n d
a l l o w t h e a d j u s t m e n t o f t h e d i s t a n c e b e t w e e n
t h e c o l l e c t o r a n d t h e n e e d l e t i p o f t h e s y r i n g e
( fi g . 5) .

Electrospinning device test results

T w o P V A s o l u t i o n s ( P V A 1 a n d P V A 2) w e r e
u s e d t o p r e p a r e e l e c t r o s p u n s c a � o l d s a n d t o
v a l i d a t e t h e f u n c t i o n a l i t y o f t h e e q u i p m e n t .
T h e S E M i m a g e s ( fi g . 6) d e p i c t t h e r a n d o m
a r r a n g e m e n t o f t h e fi b e r s , p o r o s i t y , d i a m e t e r
a n d r e g u l a r i t y o f fi b e r d i a m e t e r a l o n g t h e
fi b e r s . I t c a n b e s e e n t h a t P V A 1 fi b e r s s h o w
s m a l l e r d i a m e t e r t h a n t h o s e o f P V A 2. T h e
f a c t o r s a � e c t i n g t h e d i a m e t e r a r e t h e s o l v e n t
d i e l e c t r i c c o n s t a n t , t h e n e e d l e t i p - c o l l e c t o r
d i s t a n c e a n d t h e a p p l i e d v o l t a g e .
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Figure 6: SEM images of two PVA electrospun scaffolds: a) PVA1 10,000 x (1 µm), b) PVA2 10,000 x (1 µm),
c) PVA1 1,000 x (10 µm), d) PVA2 1,000 x (10 µm).

Table 1: Process parameters and characteristics of two PVA random nanofiber scaffolds

Sample Solvent Voltage Collector distance Average nanofiber diameter % porosity

PVA1 2% Acetic acid 13 kV 10 cm 216 ± 50 nm (103-322 nm) 53.985%
PVA2 Distilled water 20 kV 15 cm 260 ± 100 nm (143-435 nm) 52.335%

T a b l e 1 c o m p a r e s t h e c h a r a c t e r i s t i c s
o f t w o s c a � o l d s p r e p a r e d u n d e r d i � e r e n t
c o n d i t i o n s ( s o l u t i o n a n d e l e c t r o s p i n n i n g
p a r a m e t e r s ) . T h e P V A 1 s c a � o l d ( 2% a c e t i c
a c i d , 13 K V v o l t a g e a n d 10 c m d i s t a n c e )
y i e l d e d t h i n n e r fi b e r d i a m e t e r a n d g r e a t e r
p o r o s i t y t h a n P V A 2.

Comparison between other techniques
for scaffolds fabrication

T h e r e a r e s e v e r a l m e t h o d s f o r f a b r i c a t i n g
n a n o s t r u c t u r e d s c a � o l d s f o r t i s s u e
e n g i n e e r i n g : s o l v e n t c a s t i n g , p a r t i c u l a t e
l e a c h i n g , p o r o g e n l e a c h i n g , g a s f o a m i n g ,
m e m b r a n e l a m i n a t i o n , e l e c t r o s p i n n i n g , m e l t
m o l d i n g , fi b e r m e s h i n g , p h a s e s e p a r a t i o n ,
fi b e r b o n d i n g , r a p i d p r o t o t y p i n g ( R P ) ,

f r e e z e - d r y i n g a n d s e l f - a s s e m b l y [ 14] . P L L A ,
P L G A , P G A / P L L A , s i l k , P L G A - g - H A ,
C h i t o s a n / P C L , C o l l a g e n / P C L , b e t w e e n
o t h e r s b i o p o l y m e r s h a v e b e e n u s e d f o r
f a b r i c a t i n g n a n o fi b e r s b y t h e e l e c t r o s p i n n i n g
m e t h o d , t h e s e n a n o fi b e r s p r e s e n t e d a n
a v e r a g e d i a m e t e r b e t w e e n 400- 1100 n m ,
w i t h a n a v e r a g e p o r o s i t y o f t h e s c a � o l d s
o f 8 0% - 9 5% . I n t h e c a s e o f t h e p h a s e -
s e p a r a t i o n m e t h o d , t h e r e a r e r e p o r t s t h a t
s h o w t h e u s e o f P L L A / H A P , P L G A a n d
C h i t o s a n , w i t h a fi b e r d i a m e t e r o f 50- 500 n m ,
a n d a p o r o s i t y o f 60% - 9 8 % . A l s o r e p o r t e d
a r e C h i t o s a n / P L L A , C o l l a g e n / G A G a n d
G e l a t i n / P H E M A s c a � o l d s u s i n g a f r e e z e -
d r y i n g m e t h o d , o b t a i n i n g a d i a m e t e r o f t h e
fi b e r s o f 50- 450 n m , w i t h 30% - 8 0% p o r o s i t y .
F i n a l l y , d i � e r e n t p e p t i d e s s c a � o l d s h a v e b e e n
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made by a self-assembly method, resulting
fiber with diameters of 5-100 nm, with 80%-
90%. [15].

All the scaffolding fabrication methodologies
have their limitations and advantages [14].
The self-assembly method yields the smaller
fibers diameters; however it is useful only for
natural biopolymers (phospholipids, proteins,
etc.) and cells, which precisely have self-
assembly features, and the procedure is
expensive [16]. Solvent casting/particulate
leaching have the advantage of controlling
over porosity, pore size and crystallinity,
but it renders limited mechanical properties,
residual solvents and porogen material [17].
Gas foaming is a method free of harsh organic
solvents, in can control the porosity and
pore size, despite this, the process produces
limited mechanical properties and inadequate
pore interconnectivity [18]. Electrospinning
is an economic and useful method to prepare
scaffolds at laboratory, pilot and industrial
level, provided the adequate control of
solution and processing parameters.

Limitations of our electrospinning
device

The described electrospinning device is of
simple construction and it can be modified
easily; but it has some limitations that can be
easily overcome: The power supply generates
a voltage that reaches only up to 20 KV,
the collectors are static and the area of the
scaffolds depend on collector’s dimensions.
The minimum diameter of the fiber is
physically bound by the diameter of the
needle. At the moment, the temperature and
relative humidity depend on the environment.
Although under the present conditions the
device is useful for didactic purposes, it could
be easily upgraded for fine research purposes.

CONCLUSIONS

The electrospinning prototype is a useful and
affordable device for educational purposes;
it is 95% cheaper than those commercially

available. The device is currently used
for the teaching-learning process of scaffolds
fabrication in the laboratory sessions of the
biomaterials course.
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