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(54) ELECTROSPINNING SYSTEM AND PROCESS FOR LARGE-SCALE MANUFACTURING OF 
ALIGNED 3D FIBER MATRICES

(57) This invention relates to the system and process
of continuous electrospinning for the production of
three-dimensional matrices of aligned polymeric fibres.

The system of the present invention comprises an
electrospinning capillary tube (3) with positive polarity, a
set of multi-electrodes with negative polarity inserted in
a peripheral support (15), having each electrode (7) con-
trolled movement allowing its exposure or retraction-oc-
cultation to the electrospinning tube (3), a central collect-
ing table (17) of electrospun fibres, which is covered with
holes (6, 16) connected to a chamber and to a vacuum
pump (13).

The formation of aligned three-dimensional matrices
(30) occurs by deposition of layers, when exposing the
electrodes (7) to the capillary tube (3), with the controlled
distancing of the central collecting table (17), with respect
to the electrospinning tube (3).

The present invention has application in the medical
field, in tissue engineering, in particular in regenerative
medicine.
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Description

Technical field of the invention

[0001] This invention relates to a continuous electros-
pinning system and process for the production of three-
dimensional matrices of aligned polymeric fibres.
[0002] From the invention applicability, it is possible to
obtain three-dimensional matrices of aligned polymeric
fibres, which can present several patterns of fibre align-
ment along the matrix thickness, being this thickness de-
pendent on the number of deposited fibre layers, the fibre
thickness and the degree of compaction between layers.
[0003] In this way, the present invention has been ap-
plied in various areas, in the manufacture of products or
structures, at the nanometric scale, which depend on the
high surface area, such as biotechnology, pharmaceuti-
cals, research, tissue engineering and medicine, partic-
ularly in regenerative medicine, such as cell therapy, car-
tilaginous and related tissue production, especially for
the replacement and strengthening of joints.

Prior Art

[0004] Among the main themes of interest in the
processing of polymeric materials is the production of
micro or nanostructured polymeric structures, especially
nanofibres or nanowires. The unique properties of nano-
materials associated with the different possibilities of
morphologies and functionalities reveal a series of pos-
sibilities for new fields of application and drive the
progress in the processing of these nanostructures.
[0005] In this regard, the electrospinning or electrostat-
ic spinning method is very advantageous, since the fibres
obtained with this technique have a high surface area,
combined with a low production cost and the possibility
of being formed from a wide variety of polymers or com-
posites. This technique is based on the application of
high voltage (5-50 KV) and low current (0.5-1 mA) electric
fields for the production of very small diameter fibres. In
this process, the electrostatic forces control the formation
and deposition of these fibres.
[0006] The document US2349950A describes a basic
experimental arrangement, in which the proposed dia-
gram already presents a configuration formed by a high
voltage source, polymeric solution and a grounding sys-
tem.
[0007] Currently, the key configuration of a generic
electroplating process consists of a syringe, where the
molten polymer or polymeric solution is introduced, which
is connected to a capillary tube, a diffuser pump, which
controls the flow of the polymeric solution to be supplied,
so that a drop of solution is always maintained at the tip
of the capillary tube, a metal collector, maintained at zero
potential (grounded), where the fibres produced will be
collected, a high voltage source, responsible for produc-
ing a difference in potential between the tip of the capillary
tube and the collector. With the application of the electric

field between the capillary tube and the collector the drop
of solution is subject to the orientation of loads on its
surface.
[0008] As the field intensity increases, the balance of
electrostatic charges to which the droplet is subjected,
namely the surface tension force of the solution and the
force exerted by the applied electric field, begins to suffer
an imbalance and, from a certain critical value of electric
field, a jet of polymeric material from the capillary tube is
projected and accelerated towards the collector.
[0009] During the trajectory to the collector, the jet with
the polymeric solution suffers evaporation of a large part
of its solvent, thus ensuring that the fibres formed have
enough rigidity to support their own weight. In addition,
the solvent that remains in the solution, such as moisture,
allows the adhesion of one fibre to another, as they are
deposited in layers, forming a non-woven web. In this
basic configuration, the electrospun fibres form a two-
dimensional, randomly oriented blanket or fabric due to
the instability of the jet path.
[0010] Interest in the electrospinning process has
grown very rapidly since the 1990s. Multidisciplinary ef-
forts, both in the area of academic and application-ori-
ented research, have generated a huge number of sci-
entific publications, patent applications and a significant
increase in the exploitation of the technique by compa-
nies of filtration products, regenerative medicine, protec-
tive clothing, catalysis, among others.
[0011] Oriented fibre networks have the possibility of
developing anisotropic properties in materials. These re-
lationships are quite obvious in the field of tissue engi-
neering.
[0012] Typical examples include the production of pol-
ymeric meshes, containing aligned fibres, used as sub-
strates for culture and regeneration of neural cells, due
to the inherently anisotropic nature of nerves and their
regenerative mechanisms. In these bioengineering ap-
plications, it is a fundamental requirement that the scaf-
fold material has a three-dimensional structure of con-
trolled porosity, so that it is possible to develop three-
dimensional cell construction at the full depth of the ma-
trix.
[0013] Many efforts have been concentrated on the
production of aligned fibres with controlled standardiza-
tion, due to its exceptional potential for development of
functional devices, such as those presented in docu-
ments US20120009292A1, US20110142806A1 and
US2016004706A1.
[0014] Several approaches have been suggested to
promote the alignment of the electrospun fibre blankets,
among which the "air gap electrospinning" process,
which foresees the configuration of spaced parallel elec-
trodes, with the fibres stretched in the spacing between
the plates, has been the most used method to deposit
and collect these fibres.
[0015] The publication of a pioneering work by Dan Li
and collaborators (Li, et al., Nanoletters, 2003, 3:8, 1167)
showed that two effects favoured the production and dep-
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osition of nanofibres well aligned between the electrode
space parallel to each other, namely the effect of nanofi-
bres deposition direction, caused by deformation of the
electric field between the capillary tube and the collector,
and the accumulation of charges along deposited nanofi-
bres, which favoured the parallel arrangement between
them, due to electrostatic repulsion.
[0016] An interesting variation of this assembly system
is the collector for production of fibre matrices, whose
system comprises electrodes arranged in a 90° separat-
ed plane. The operation is based on the connection of
the ground terminal to the electrodes arranged in the
same line. The electrospun fibres are collected between
the electrodes, which are connected to ground, and this
connection is alternated between the pairs of electrodes
with defined time intervals, allowing the formation of a
mesh with layers of fibres with different arrangements
(Li, et al., Adv. Matter, 2004, 16:4, 361) .
[0017] In this regard, document US20110018174A1
discloses the production of aligned electrospun fibres,
with location and orientation control of the fibres, using
for this purpose a device that provides a voltage depend-
ing on the selected time, whereby that voltage is applied
to a collector with multiple electrodes. However, said doc-
ument does not disclose a process capable of forming a
three-dimensional matrix of aligned fibres in any desired
thickness.
[0018] Other strategies for the formation of three-di-
mensional matrices of aligned fibres have been the sub-
ject of studies, mainly in the field of regenerative medi-
cine, such as, for example, the articles: Sheikh, et.al.,
Nanomedicine, 2015, 11, and Li, et.al., Mater. Sci. Eng.
C.,2016,68.
[0019] In this regard, the document US 8580181B1 al-
so discloses a method of forming three-dimensional ma-
trices of nanofibres aligned with an open and loose struc-
ture.
[0020] Although the configurations above consider the
formation of multiple fibres layers aligned one over the
other, in the space between the electrodes, there are still
some problems with the formation of three-dimensional
matrices. The limitations related to the current processes
of electrospinning the aligned fibres are mainly related
to the fact that, as the aligned and electrically charged
fibres are deposited one over the other, the increasing
electric charge tends to repel the new fibres from being
deposited, preventing their correct alignment and limiting
their thickness to a few tenths of a millimetre of the matrix
of the formed fibres.
[0021] For certain purposes, such as tissue engineer-
ing, the formation of high thickness fibre matrices in the
order of several millimetres is necessary, with control of
the fibre alignment along the thickness and with the pos-
sibility to control the degree of compaction (porosity) be-
tween the deposited aligned fibre layers.
[0022] This way, there is a need to develop and imple-
ment a process of production of three-dimensional ma-
trices of aligned polymeric fibres, which allows the pro-

duction of several patterns of fibre alignment, along the
thickness of the matrix, forming three-dimensional struc-
tures with controlled thicknesses.
[0023] The present invention proposes to solve the
problems of the state of the art above described, through
the implementation of a system and process of produc-
tion of three-dimensional matrices of aligned polymeric
fibres, which can present several patterns of fibre align-
ment, along the thickness of the matrix, being this thick-
ness dependent on the number of layers of deposited
fibres, the thickness of fibres and the degree of compac-
tion between layers.

Summary of the invention

[0024] This invention relates to a continuous electros-
pinning system and process for the production of three-
dimensional matrices of aligned polymeric fibres.
[0025] The formation of three-dimensional matrices of
aligned polymeric fibres occurs when one or more pairs
of electrodes are exposed to the electrospinning capillary
tube, thereby creating a layer of two-dimensional aligned
fibres, on which are successively deposited, other layers
formed by exposure of one or more pairs of electrodes
to the capillary tube, accompanied, subsequently, by
controlled movement away from the central collecting ta-
ble of the capillary tube, after each layer of deposited
fibres, in accordance with the claim 1.
[0026] Thus, the process of the present invention al-
lows the production of three-dimensional matrices of
aligned polymeric fibres, which can present several pat-
terns of fibre alignment along the thickness of the matrix,
being this thickness dependent on the number of depos-
ited fibre layers, fibre thickness and the degree of com-
paction between layers, in accordance with the claim 7.
[0027] The produced matrices are used in various ar-
eas, such as biotechnology, pharmaceuticals, research,
tissue engineering and medicine, in particular regenera-
tive medicine, such as cell therapy and the production of
cartilaginous and related tissue, in particular for joint re-
placement and strengthening, in accordance with the
claim 9.
[0028] Additionally, the process of the present inven-
tion, by using the proposed electrospinning system, has
the additional advantage of being versatile, simple, inex-
pensive and working in a continuous mode, therefore not
being necessary to produce series of layers with a certain
alignment and to proceed to add other layers, with differ-
ent alignment, to obtain three-dimensional matrices of
polymeric fibres aligned with different patterns of fibre
alignment and different thicknesses.
[0029] The system of the present invention comprises
an electrospinning capillary tube, a set of multi-elec-
trodes, in which each electrode presents a controlled
movement of exposure or retraction- occultation in rela-
tion to the electrospinning tube, and a central collecting
table of the electrospun fibres, which comprises holes
subject to vacuum pressure, with the possibility of regu-
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lating the distance between the electrospinning capillary
tube and the electrodes in exposure position, and with
controlled movement, towards the capillary tube axis, in
accordance with the claim 12.
[0030] The system of the present invention, through
the controlled movement of exposure or retraction-occul-
tation of the electrodes, in relation to the electrospinning
tube, with controlled vacuum production applied to the
holes of the central collecting table, allows to secure the
fibres to the table, as well as to achieve a certain degree
of compaction (and consequently porosity in vertical di-
rection) necessary for certain uses of the fibres. In addi-
tion, the controlled downward movement of the table al-
lows the formation of three-dimensional aligned fibre
structures.

Brief description of the drawings

[0031]

Figure 1: Schematic depiction of an embodiment of
an electrospinning system, according to the present
invention, with two exposed electrodes, the following
numbers representing:

1 electrospinning system;
2 electrospun fibre;
3 electrospinning capillary tube;
4 positive polarity connection between the elec-

trospinning capillary tube (3) and a power sup-
ply (not shown);

5 capillary tube bracket (3), resting on the
mounting base (8) ;

6 holes in the peripheral support, where the mul-
ti-electrodes are inserted (7,14);

7 electrode in exposure position, with respect
to the electrospinning capillary tube (3) with
negative polarity;

8 fixing base for the entire electrospinning sys-
tem (1);

9 computer control unit for the entire electros-
pinning system (1);

10 induction coil for generating the electromag-
netic force for the electrospinning system (1);

11 permanent magnet attached to an electrode
(7,14);

12 linear motion actuator of the central collecting
table (17) ;

13 vacuum pump with pressure regulation;
14 electrode in retraction-occultation posi-

tion, with respect to the electrospinning cap-
illary tube (3);

15 peripheral support of the collecting table (17),
made of insulating material;

16 holes in the surface of the central collecting
table (17), which connect to the inside of the
chamber (not shown);

17 central collecting table; and

18 connecting channel between the inner cham-
ber (not shown) of the central collecting table
(17) and the vacuum pump (13) .

Figure 2: Schematic depiction of a longitudinal sec-
tion of the electrospinning system (1), according to
a preferred embodiment of the present invention, in
which:

- The electrospun fibre (2) is located between the
two electrodes exposed with negative polarity
(7) and the collecting table (17) with its surface
(19) covered with holes (16) connected to the
chamber (21) inside it, which is submitted to vac-
uum pressure, in the position closest to the elec-
trospinning capillary tube (3);

- Two electrodes are in exposure position (7) on
the surface (20) of the peripheral support (15),
one electrode is in a concealed position (14);

- the actuator (12) of the linear movement (24) of
the collecting table (17),

- the senses the electromagnetic forces of attrac-
tion (23) and repulsion (22) generated between
the end of the electrodes (7) (14) with permanent
magnet (11) and the electromagnetic coils (10);

Figure 3: Schematic depiction of a longitudinal sec-
tion of the electrospinning system (1), according to
a preferred embodiment of the present invention, in
which:

- the electrospun fibre (2) is deposited between
the two exposed electrodes (7) and the central
collecting table (17), covered with holes (16),
connected to the chamber (21), inside it, in a
position further away from the electrospinning
capillary tube (3);

- the direction of suction force (25), fixation-com-
paction of the different fibre layers (27) (28) (29),
generated by the effect of vacuum pressure in
the chamber (21), and the thickness (26) of the
fibre matrix formed after the deposition of differ-
ent layers (27) (28) (29) of aligned fibres.

Figure 4: Schematic depiction of one of embodi-
ments used in the invention’s electrospinning proc-
ess, in which:

- a first layer of aligned fibres (30) lies between
two exposed electrodes (7) with negative polar-
ity, belonging to the multi-electrode array, which
are in a concealed position in the holes (6) of
the peripheral support (15), with the central col-
lecting table (17) in the closest operating posi-
tion to the electrospinning capillary tube (3) ;

- the central collecting table (17) through its cham-
ber (21) connected to it.
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Figure 5: Schematic depiction of the aligned fibres
of the first layer (30) fixed to the surface (19) of the
central collecting table (17), by action of the suction
force (25) generated in the holes (16) of the surface
(19) of the central collecting table (17), by effect of
the vacuum present in the chamber (21) of the central
collecting table (17), which, after a certain period of
time, moved away from the electrospinning capillary
tube (3), by the action of the movement (32) of the
actuator (12), and is followed by the deposition of
the second layer of aligned fibres (31), between
the two exposed electrodes (7) and by the movement
away from the table (32).

Figure 6: Schematic depiction of the aligned fibres
of the first layer (30) and second layer (31) fixed on
the surface (19) of the central collecting table (17),
by action of the suction force (25) generated in the
holes (16) of the surface (19) of the central collecting
table (17), by the effect of the vacuum present in the
chamber (21) of the central collecting table (17),
which, after a certain period of time, moved away
from the electrospinning capillary tube (3), by action
of the movement (33) of the actuator (12), and is
followed by the deposition of the third layer of
aligned fibres (31), between the two exposed elec-
trodes (7).

Figure 7: Schematic depiction of the aligned fibres
of the first layer (30), second layer (31) and third
layer (32), fixed on the surface (19) of the central
collecting table (17), by the action of suction force
(25) generated in the holes (16) of the surface (19)
of the central collecting table (17), by the effect of
vacuum pressure, present in the chamber (21) of the
central collecting table (17), which, after a certain
period of time, moved away from the electrospinning
capillary tube (3), by action of the movement (36) of
the actuator (12), and is followed by deposition of
the fourth layer of aligned fibres (35) between the
two exposed electrodes (7);

Figure 8: Schematic depiction of the top view of the
central collecting table (17) and peripheral electrode
support (15) with the representation of nine fibre
alignments (301) (302) (303) (304) (305) (306)
(307) (308) (309), deposited sequentially in lay-
ers, being the alignment (301) obtained by exposing
the electrodes (702) and (710), the alignment (302)
obtained by exposing the electrodes (702) and (705),
the alignment (303) obtained by exposing the elec-
trodes (701) and (706), the alignment (304) obtained
by exposing the electrodes (701) and (706), the
alignment (305) obtained by exposing the electrodes
(708) and (702), the alignment (306) obtained by ex-
posing the electrodes (706) and (711), the alignment
(307) obtained by exposing the electrodes (710) and
(707), the alignment (308) obtained by exposing the

electrodes (709) and (702), the alignment (309) ob-
tained by exposing the electrodes (710) and (703),
in which the set of these nine layers forms an align-
ment pattern (200), which is repeated successively,
between the first (203), intermediate (205) and last
(206) pattern, thus resulting in the thickness (26) of
the three-dimensional matrix, which is delimited by
the dimensions (202) and (201).

Description of the invention

[0032] This invention relates to a system and a contin-
uous electrospinning process for the production of three-
dimensional matrices of aligned polymeric fibres, in par-
ticular for tissue engineering, with the possibility of pro-
ducing several patterns of fibre alignment along the thick-
ness of the matrix forming three-dimensional structures
with controlled thicknesses.
[0033] The system of the present invention comprises
a module of fibre formation, which can consist basically
of a syringe to contain a polymeric solution, connected
to an injection pump, connected to a electrospinning cap-
illary tube, which is connected to a voltage source, con-
figured to provide positive polarity, the referred module
is aligned longitudinally with the peripheral support in in-
sulating material in which they are inserted longitudinally
in holes in its multi-electrode surface, each electrode be-
ing provided with individual movement controlled to-
wards the axis of the electrospinning capillary tube, with
two positions, an exposure position and a retraction-oc-
cultation position with respect to the electrospinning cap-
illary tube, as well as the possibility of selective activation
of the negative polarities of these electrodes, when these
electrodes are in the exposed position with respect to the
electrospinning capillary tube, the alignment and distri-
bution of these electrodes in the peripheral support de-
limit the area and shape of the central fibre collecting
table.
[0034] The fibre of polymeric material, formed by elec-
trospinning from the capillary tube with positive polarity,
moves by the action of an electric field towards a collector
module, which consists of a peripheral support in insu-
lating material where are inserted longitudinally multi-
electrodes and each electrode equipped with controlled
movement towards the axis of the electrospinning capil-
lary tube allowing its exposure or retraction-occultation
with respect to the electrospinning capillary tube, a cen-
tral collecting table delimited by the peripheral support
of the multi-electrodes which consists of the region of
accumulation of the electrospun fibres integrating these
holes which extend from its upper surface to the inside
of the chamber being this chamber connected to a vac-
uum pump with pressure control, this central collecting
table has controlled movement towards the axis of the
capillary tube allowing its separation or approach to the
electrospinning capillary tube.
[0035] The peripheral support of the multi-electrodes
and the central collecting table are mounted on a fixed
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platform where the length-adjustable bracket of the elec-
trospinning capillary tube is placed, allowing the distance
between the electrospinning capillary tube and the multi-
electrodes to be adjusted.
[0036] The exposure and retraction-occultation move-
ment of the electrodes inserted into holes in the periph-
eral support to the electrospinning capillary tube results
from a controlled electromagnetic force that develops at
the end of the opposite electrode the upper surface of
the peripheral support by the action of magnetic flux be-
tween a permanent magnet attached to the electrode and
a fixed induction coil in the lower region of the peripheral
support.
[0037] Fibre flow is deposited and aligned when one
or more electrode pairs are held in the exposure position
with respect to the electrospinning capillary tube, and
their respective negative polarities are activated, accord-
ing to the intended fibre deposition orientation, thus form-
ing an aligned two-dimensional fibre layer.
[0038] The retraction-occultation movement of the
electrodes, with respect to the electrospinning capillary
tube, to the inside of its hole in the peripheral support of
the multi-electrodes allows the deposit of the fibres on
the central collecting table followed by the separation of
the fibres from the end of the electrode.
[0039] The controlled movement away from the upper
surface of the central collecting table of the electrospin-
ning capillary tube, after each two-dimensional layer of
aligned fibres has been deposited, allows the accumu-
lation of successive fibre layers on the central collecting
table thus allowing the formation of a three-dimensional
fibre matrix structure in which its thickness is dependent
on the number of layers of two-dimensional deposited
fibres, the fibre thickness and the degree of intended
compaction between layers by the vacuum system ac-
tion.
[0040] The successive two-dimensional layers of de-
posited fibres in the collector module, according to the
referred electrospinning process, are kept in position in
the central collecting table, between the multi-electrodes,
by the action of vacuum generated in the holes of the
upper surface of the central collecting table that commu-
nicate with a chamber connected to the vacuum pump
inside it.
[0041] The pressure control in the vacuum pump also
has the purpose of controlling the degree of compaction
between the two-dimensional fibre layers formed and so
the porosity in the perpendicular direction to the plane of
the deposited fibre layer.
[0042] Control of the distance between the electros-
pinning capillary tube with positive polarity and the col-
lector module, control of the exposure and retraction-oc-
cultation movements of the electrodes with negative po-
larity with regard to the electrospinning capillary tube,
control of the movement of the upper surface of the cen-
tral collecting table in reference to the electrospinning
capillary tube, control of the negative polarity applied to
the multi-electrodes and the control of the vacuum pump

pressure are carried out by a computerised control unit
which, depending on the fibre alignment intended for
each two-dimensional layer deposited and the thickness
of the matrix, program the sequence of all the move-
ments, vacuum pressure and polarity of the necessary
electrodes based on a computer program developed for
that purpose.
[0043] This invention has the ability to form matrices
of aligned fibres of any thickness in continuous and with
any alignment pattern along that thickness, because it
combines different technical particularities, among them
we highlight the use of multi-electrodes distributed spa-
tially with the possibility of individual and controlled move-
ments of exposure and retraction-occultation to the elec-
trospinning capillary tube, thus allowing the possibility of
controlling the alignment of deposited fibres, the support
and deposit of the fibres on the central collecting table
and the separation of the fibres from the ends of the elec-
trodes during the retraction movement, the surface of the
collecting table being provided with holes subject to vac-
uum pressure, which on one hand allow the fibres to be
fixed to the table and also allow the control of the degree
of compaction (porosity) between the different layers of
deposited fibres, this capacity being also associated with
the movement of the collecting table away from the elec-
trospinning capillary tube, thus allowing the successive
deposit of aligned fibre layers to the intended thickness.

1. Electrospinning system for the production of 
three-dimensional matrices of aligned polymeric fi-
bres

[0044] The system of the present invention comprises,
in a broad sense:

- a fibre-forming module comprising a container for
the containment and supply of molten polymer or
polymeric solution, typically a syringe, and an inject-
ing pump, connected to an electrospinning capillary
tube, connected to a voltage source, which is con-
figured to provide positive polarity;

- a multi-electrode assembly comprising several
electrodes with negative polarity;

- a collector module for collecting the produced fi-
bres;

- a power supply to the electrospinning system; and
- a vacuum pump.

[0045] In addition to the aforementioned elements, the
system of the present invention also comprises a perma-
nent magnet, attached to each of the electrodes, to gen-
erate the forces of attraction and repulsion between the
ends of the electrodes and the electromagnetic coils, also
present in the system, a computerized control unit and
the electronics necessary for its proper operation, actu-
ators, including the actuator of the linear movement of
the central collecting table, as well as all the electrical
wiring for distribution of energy to the various compo-
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nents of the system.
[0046] More specifically, the system (1) of this inven-
tion comprises:

- a fibre-forming module with an electrospinning
capillary tube (3);

- a set of multi-electrodes;
- a collector module to collect the produced fibres;
- a vacuum pump (13) for pressure regulation;

Wherein:

a) The set of multi-electrodes, which is inserted in
a peripheral support (15), comprises:

(i) multiple electrodes (7) (14), each with con-
trolled movement, towards the axis of the elec-
trospinning capillary tube (3);
(ii) several magnets (11), each of which is at-
tached to an electrode (7,14) for generating
electromagnetic force (22, 23), together with the
induction coil (10), controlled by the computer
unit (9);

b) The collector module comprises:

(i) a peripheral support (15), where the elec-
trodes (7) (14) are inserted longitudinally into
holes (6) on its surface (20), with the support
(15) mounted on a fixed platform (8), where the
support (5), adjustable in length, of the electro-
spinning capillary tube (3) is supported, to adjust
the distance between the electrospinning capil-
lary tube (3) and the electrodes in exposure po-
sition (7), with respect to the electrospinning
capillary tube (3) ;
(ii) a central collecting table (17), bounded by
the aforementioned peripheral support (15), de-
fining a region of accumulation of electrospun
fibres, and also having holes (16), which extend
from its surface (19) to a chamber (21);
(iii) a chamber (21), which is inside the central
table (17), this chamber being connected by a
channel (18) to a vacuum pump (13);

wherein:

- each electrode is capable of being independently ex-
posed (7) or retracted/occluded (14), with respect to
the electrospinning capillary tube (3);

- the vacuum pump (13) exerts a controlled vacuum
pressure on the holes (16); and

- the central collecting table (17) presents controlled
movement, towards the axis of the capillary tube (3),
allowing its movement (24) away from or close to the
electrospinning capillary tube (3).

[0047] The electrospinning system (1) comprising

the fibre (2) of polymeric material formed by electrospin-
ning from the capillary tube (3) with positive polarity
moves by the action of an electric field towards a collector
module, which consists of a peripheral support (15) in
insulating material where they are longitudinally inserted
in holes (6) in its surface (20) multi-electrodes (7) (14)
and each electrode (7) (14) equipped with controlled
movement towards the axis of the electrospinning capil-
lary tube (3) allowing its exposure (7) or retraction-occul-
tation (14) with respect to the electrospinning capillary
tube (3), a central collecting table (17) delimited by the
peripheral support (15) of the multi-electrodes which con-
sists of the region of accumulation of the electrospun
fibres integrating this holes (16) which extend from its
surface (19) to a chamber (21) in its interior being this
chamber connected by a channel (18) to a vacuum pump
(13) with pressure control, this central collecting table
(17) has controlled movement towards the axis of the
capillary tube (3) allowing its movement (24) away or
close to the electrospinning capillary tube (3).
[0048] In one embodiment, this continuous electros-
pinning system and process comprises the peripheral
support (15) of the multi-electrodes mounted on a fixed
platform (8) on which the length-adjustable support (5)
of the electrospinning capillary tube (3) is supported, al-
lowing the distance between the electrospinning capillary
tube (3) and the electrodes in exposure position (7) to
the electrospinning capillary tube to be adjusted (3).
[0049] In one embodiment, the movement of exposure
(22) and retraction-occultation (23) of the electrodes (7)
and (14) inserted into holes (6) of the peripheral support
(15) to the electrospinning capillary tube (3) results from
an electromagnetic force (22) (23) controlled by the com-
puter control unit (9) which develops at the end of the
electrode (7) (14) opposite the upper surface (20) of the
peripheral support (15) by the action of magnetic flux
between a permanent magnet (11) attached to the elec-
trode (7) (14) and an induction coil (10) positioned in the
lower region of the peripheral support (15).
[0050] In one embodiment, the deposit and alignment
of the fibre flow (2) is carried out when one or more pairs
of electrodes (7) are held in the exposed position in re-
lation to the electrospinning capillary tube (3), and their
respective negative polarities are activated by the com-
puter control unit (8), according to the intended fibre dep-
osition orientation thus forming successive aligned two-
dimensional fibre layers (27) (28) (29) (30) (31) (34) (35) .
[0051] In one embodiment, the retraction-occultation
movement of the electrodes (23), with respect to the elec-
trospinning capillary tube (3), towards the interior of its
hole (6) in the peripheral support (15) allows the support
- deposit of the fibres (27) (28) (29)(30)(31)(33)(35) on
the surface (19) of the central collecting table (17) fol-
lowed by the separation - release of the fibres from the
end of the electrodes (7).
[0052] The controlled movement (24) (32) (33) (36)
(36) away from the surface (19) of the central collecting
table (17) of the electrospinning capillary tube (3), after
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each two-dimensional layer of aligned deposited fibres
(27) (28) (29) (30) (31) (33) (35), allows the accumulation
of successive fibre layers (27) (28) (29) (30) (30) (31)
(33) (35) on the central collecting table (17) thus allowing
the formation of a three-dimensional fibre matrix structure
(207) in which its thickness (26) is dependent on the
number of two-dimensional fibre layers (27) (28) (29) (30)
(31) (33) (35) deposited, the fibre thickness and the de-
gree of intended compression between layers by vacuum
system action (13).
[0053] The successive two-dimensional fibre layers
deposited (27) (28) (29) (30) (31) (33) (35) on the central
collecting table (17) are maintained in position on the
central collecting table (17) by the action of a suction
force (25) generated by the vacuum pressure in the sur-
face holes (19) of the central collecting table (17) that
communicate with a chamber (21) in its interior connect-
ed by a channel (18) to the vacuum pump (13) .
[0054] The pressure control in the vacuum pump (13)
is also intended to control the suction forces (25) on the
fibres and the degree of compaction between the formed
two-dimensional fibre layers (27) (28) (29) (30) (31) (33)
(35) and then the porosity in the perpendicular direction
of the deposited fibre layer plane.
[0055] Control of the distance between the electros-
pinning capillary tube (3) with positive polarity through its
holder (5) and the exposed multi-electrodes (7) with neg-
ative charge, control of the exposure movements (22)
and retraction-occultation (23) of the electrodes (7) with
negative polarity with respect to the electrospinning cap-
illary tube (3), control of the surface movement (19) of
the central collecting table (17) with respect to the elec-
trospinning capillary tube (3), the control of the negative
polarity applied to the electrodes (7) and the control of
the vacuum pump pressure (13) are carried out by a com-
puter control unit (8) which, depending on the alignment
(301) (302) (303) (304) (305) (306) (307) (308)(309) of
fibres intended for each two-dimensional layer deposited
(27) (28) (29) (30) (31) (33) (35) and the thickness (26)
of the matrix, program the sequence of all movements,
vacuum pressure and polarity of the required electrodes
based on a computational program developed for this
purpose.

2. Process of obtaining three-dimensional matrices 
of aligned polymeric fibres

[0056] The process of the present invention is carried
out in several steps with the use of the electrospinning
system (1), as described in the previous section.
[0057] The production of three-dimensional matrices
of aligned polymeric fibres (2) occurs when one or more
pairs of electrodes (7,14) are exposed to the capillary
tube (3), according to the intended fibre orientation, thus
forming a two-dimensional layer of aligned fibres, which
are kept in adequate position on the central collecting
table (17), after the movement of retraction-occultation
of the electrodes, by action of the suction force generated

by vacuum pressure in their holes.
[0058] The controlled movement away from the central
collecting table (17) of the electrospinning tube (3), after
each deposited fibre layer, allows the accumulation of
successive layers and the formation of a three-dimen-
sional matrix with thickness depending on the number of
deposited fibre layers, the fibre thickness and the degree
of compaction between layers controlled by vacuum
pressure.
[0059] This way, the production process of aligned
three-dimensional matrices of polymeric fibres of the
present invention comprises the following steps:

a) exposure of one or more electrode pairs (7) to the
capillary tube (3), according to the desired fibre ori-
entation, to form a first layer of aligned fibres (30);
b) application of vacuum pressure to the aligned fibre
layer obtained in (a) through the holes (16) of the
central collecting table (17), after the retraction-oc-
cultation movement of the electrodes (14);
c) separation of the central collecting table (17) from
the electrospinning capillary tube (3), by action of
movement (33) of the actuator (12);
d) exposure of one or more pairs of electrodes (7)
to the capillary tube (3), according to the intended
fibre orientation, to form a second layer (31) of
aligned fibres;
e) application of vacuum pressure to the layer (31)
of aligned fibres, obtained in (d), through the holes
(16) of the central collecting table (17), after the
movement of retraction-occultation of the electrodes
(14).

[0060] The production of three-dimensional matrices
of aligned polymeric fibres, with more than two layers, is
performed by repeating steps (a), (b) and (c), as many
times as the number of desired layers, to the process as
described above.
[0061] Therefore, in order to obtain a matrix with three
layers, the process of the present invention comprises
the following steps:

a) exposure of one or more electrode pairs (7) to the
capillary tube (3), according to the intended fibre ori-
entation, to form a first layer of aligned fibres (30) ;
b) application of vacuum pressure to the aligned fibre
layer obtained in (a) through the holes (16) of the
central collecting table (17), after the retraction-oc-
cultation movement of the electrodes (14);
c) separation of the central collecting table (17) from
the electrospinning capillary tube (3), by action of
movement (33) of the actuator (12);
d) exposure of one or more electrode pairs (7) to the
capillary tube (3), according to the intended fibre ori-
entation, to form a second layer (31) of aligned fibres;
e) application of vacuum pressure to the layer (32)
of aligned fibres, obtained in (d), through the holes
(16) of the central collecting table (17), after the
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movement of retraction-occultation of the electrodes
(14);
f) exposure of one or more pairs of electrodes (7) to
the capillary tube (3), according to the intended fibre
orientation, to form a third layer (33) of aligned fibres;
g) application of vacuum pressure to the layer (33)
of aligned fibres, obtained in (f), through the holes
(16) of the central collecting table (17), after the
movement of retraction-occultation of the electrodes
(14).

[0062] To obtain matrices with multiple layers and
alignment patterns one or more pairs of electrodes are
used which are exposed (7) to the capillary tube (3), con-
taining a certain polymeric solution, where the composi-
tion and concentration of the polymer in solution, as well
as the solvents used, vary according to the purpose for
which the matrix is intended.
[0063] To the electrodes, located in superficial holes
(16) and radially distributed around the central collecting
table (17), with a certain area, a certain negative voltage
is applied, also selected according to the type of fibre
and matrix to produce.
[0064] Each one of the different alignments of the two-
dimensional fibre layers is obtained by the sequential ex-
posure (7), of a number of selected electrodes, to the
electrospinning capillary tube (3) during a certain period,
also selected according to the purpose for which the fi-
bres and the matrices are intended.
[0065] The different layers of deposited two-dimen-
sional fibres thus result from the performance of consec-
utive cycles of various types of alignment, which is ob-
tained by combining the variables or production factors
described above.
[0066] It is thus possible to obtain several fibre align-
ments (301) (302) (303) (304) (305) (306) (307) (308)
(309) sequentially deposited in layers, each one of the
alignments being obtained by exposure (7) of different
electrodes to the spinning capillary tube (3).
[0067] The set of different layers, differently aligned,
forms an alignment pattern (200), which is repeated suc-
cessively between the first (203), intermediate (205) and
last (206) pattern, thus resulting in the thickness (26) of
the three-dimensional matrix, which is delimited by the
dimensions (202) and (201) of the central collecting table
(17).
[0068] The production process of three-dimensional
matrices of aligned polymeric fibres is carried out contin-
uously by successively carrying out the various steps for
the formation of two-dimensional layers of polymeric fi-
bres, according to the above described.

3. Characterization of the three-dimensional matri-
ces of aligned polymeric fibres

[0069] The thickness of the obtained matrices varies
therefore, not only in function of the type and quantity of
polymer used, but also in function of the number of de-

posited fibre layers, the thickness of these fibres and the
degree of compaction between layers, each one of these
aspects being controlled by vacuum pressure exerted on
the fibre layers deposited in the central collecting table.
[0070] On the other hand, the alignment of the fibres
in each layer is controlled by the different movements
and number of electrodes exposed and/or concealed in
each cycle of fibre formation.
[0071] In conclusion, through the implementation of
the system and the process of the present invention, it
is possible to obtain three-dimensional matrices of
aligned polymeric fibres, which can present several align-
ment patterns, along the thickness of the matrix, which
can also be variable.

4. Matrix applications

Example: Production of a polymeric matrix of aligned 
fibres

[0072] This example refers to the production of a matrix
composed of 27 layers of aligned polymeric fibres for
cartilage engineering, with a total thickness of 3,24 mm.
[0073] The polymer used to manufacture the matrix
was polycaprolactone (PCL) with a molecular weight of
80,000 Da.
[0074] PCL was dissolved at concentrations of 12%
dichloromethane (DCM) and dimethylformamide (DMF)
at a ratio of 1:1 (v:v) after 12 hours of stirring at room
temperature.
[0075] Then, the molten polymer was electrospun us-
ing a capillary tube (3) with a flow of 2,5 mL/h, a voltage
of 25 kV and a working distance of 15 cm to the central
collecting table (17) .
[0076] In this configuration of the electrospinning sys-
tem (1), the central collecting table (17) has a diameter
of 8mm, and the holes (16) on its surface are subjected
to a vacuum pressure of 3300 Pa.
[0077] Eleven electrodes (701), (702), (703), (704),
(705), (706), (707), (708), (709), (710) and (711) distrib-
uted radially around the table (as shown in figure 8) were
used for the formation of each layer of fibres, each elec-
trode having an average diameter of 1,5 mm.
[0078] In their exposure position (7) to the electrospin-
ning capillary tube (3) the said electrodes were subjected
to a negative voltage of -3kV.
[0079] Each of the different alignments of the two-di-
mensional fibre layers was obtained by sequential expo-
sure (7) of pairs of electrodes to the electrospinning cap-
illary tube (3) for 2.3 min.
[0080] The 27 layers of deposited two-dimensional fi-
bres resulted from the performance of 3 consecutive cy-
cles (3 times) of 9 alignment patterns (301), (302), (303),
(304), (305), (306), (307), (308) and (309) in this order,
as follows:

- the alignment (301) obtained by exposure (7) of the
electrodes (702) and (710);
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- the alignment (302) obtained by exposure (7) of the
electrodes (702) and (705);

- the alignment (303) obtained by exposure (7) of the
electrodes (701) and (706);

- the alignment (304) obtained by exposure (7) of the
electrodes (701) and (706);

- the alignment (305) obtained by exposure (7) of the
electrodes (708) and (702);

- the alignment (306) obtained by exposure (7) of the
electrodes (706) and (711);

- the alignment (307) obtained by exposure (7) of the
electrodes (710) and (707);

- the alignment (308) obtained by exposure (7) of the
electrodes (709) and (702); and

- the alignment (309) obtained by exposure (7) of the
electrodes (710) and (703).

[0081] At the end of the deposition of each layer of
aligned fibres, the central collecting table (17) has moved
away from the electrospinning capillary tube about 0,12
mm, this being the value corresponding to the average
thickness of each layer of deposited dimensional fibres.
[0082] In total, the central collecting table moved away
about 3,24 mm, corresponding to the thickness of the
matrix obtained at the end of the 27 deposited layers.
[0083] The three-dimensional matrix of aligned fibres
obtained in this example shows, like the native cartilage,
a preferential alignment of the fibres in its surface area
parallel to the surface, in the intermediate area there is
no preferential alignment, and in the deepest area the
fibres are aligned in a vertical manner to the surface.

Claims

1. An electrospinning system (1) comprising (a) a fi-
bre-forming module, (b) a multi-electrode array, (c)
a collector module, for collecting deposited fibres, a
power supply, a vacuum pump (13), characterised
in that:

a) The fibre-forming module consists of an elec-
trospinning capillary tube (3) with positive polar-
ity;
b) The multi-electrode array is inserted in a
peripheral support (15) and comprises:

- several electrodes (7) (14), each one being
equipped with controlled movement to-
wards the axis of the electrospinning capil-
lary tube (3);
- several magnets (11), each of which is at-
tached to an electrode (7,14) for generating
electromagnetic force (22, 23), together
with the induction coil (10), controlled by the
computer unit (9);

c) The collector module comprises:

- a peripheral support (15), where the elec-
trodes (7) (14) are inserted longitudinally in-
to holes (6) on its surface (20), the said sup-
port (15) being mounted on a fixed platform
(8), where the length adjustable support (5)
of the electrospinning capillary tube (3) is
supported, to adjust the distance between
the electrospinning capillary tube (3) and
the electrodes in exposure position (7), with
regard to the electrospinning capillary tube
(3);
- a central collecting table (17), bounded by
the aforementioned peripheral support (15),
defining a region of accumulation of elec-
trospun fibres, and also having holes (16),
which extend from its surface (19) to a
chamber (21);
- a chamber (21), which is located inside the
central table (17), this chamber being con-
nected by a channel (18) to a vacuum pump
(13);

wherein:

- each electrode is capable of being inde-
pendently exposed (7) or retracted/occlud-
ed (14), with respect to the electrospinning
capillary tube (3);
- the vacuum pump (13) exerts a controlled
vacuum pressure on the holes (16); and
- the central collecting table (17) presents
controlled movement, towards the axis of
the capillary tube (3), allowing its movement
(24) away from or close to the electrospin-
ning capillary tube (3).

2. Electrospinning system (1) according to the pre-
vious claim comprising computer control unit (9) and
computer program.

3. A process for the production of three-dimensional
matrices of continuously aligned polymeric fibres
that occurs in the system of any of claims 1 or 2
characterized by comprising the following steps:

a) exposure of one or more pairs of electrodes
(7) to the capillary tube (3) containing a solution
of a certain polymer suitable for the function of
the matrix to be produced, this exposure being
made according to the intended fibre orientation,
by applying a negative voltage to the selected
electrodes, during a certain time, to form layers
of aligned fibres (30);
b) application of vacuum pressure to the aligned
fibre layer obtained in (a) through the holes (16)
of the central collecting table (17), with the
movement of retraction-occultation of the elec-
trodes (14);
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c) separation of the central collecting table (17)
from the electrospinning capillary tube (3), by
action of movement (33) of the actuator (12);
d) repetition of electrode pair sequential expo-
sure cycles (7) to the electrospinning capillary
tube (3) from (a), application of vacuum pressure
to the aligned fibre layer (b) and separation of
the central collecting table (17) from the electro-
spinning capillary tube (3) from (c), as many
times as necessary to form a two-dimensional
fibre layer matrix (2), with the required align-
ment;
e) repetition of the cycles, as described in steps
(a), (b) and (c), as many times as necessary, in
which at least one of the electrospinning factors
is modified from those defined in step (a), (b) or
(c) to form a matrix of two-dimensional fibre lay-
ers (2), with the required alignment, this align-
ment being different from that obtained in steps
(a), (b), (c) and (d);
f) repetition of exposure cycles from (e) as many
times as necessary, in which at least one of the
electrospinning factors is modified from those
defined in the previous cycle to form a matrix of
two-dimensional fibre layers (2), with the re-
quired alignment, this alignment being different
from that obtained in the previous cycle where-
in:
the controlled movement away from the central
collecting table of the electrospinning tube after
each layer of deposited fibres allows the accu-
mulation of successive layers and the formation
of a three-dimensional matrix with thickness de-
pending on the number of fibre layers deposited,
the thickness of the fibres and the degree of
compaction between layers is controlled by vac-
uum pressure and the vacuum pressure secures
the fibres to the table.

4. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to the previous claim, which occurs in the
system of any of the claims 1 or 2 characterised by
the peripheral support having a multi-electrode array
and each electrode has individual movement con-
trolled towards the axis of the electrospinning capil-
lary tube, comprising two positions, one of exposure
and another of retraction-occultation with respect to
the electrospinning capillary tube.

5. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 or 4, which
occurs in the system of any of the claims 1 or 2 char-
acterized by the central collecting table being de-
limited by the peripheral support of the multi-elec-
trodes consisting of the region of accumulation of
electrospun fibres integrating these holes that ex-

tend from its surface to a cavity inside it being this
cavity connected to a vacuum pump with pressure
control, in which the central collecting table has con-
trolled movement towards the axis of the capillary
tube allowing its separation or approach to the elec-
trospinning capillary tube.

6. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 5, which
results in the system from any of the claims 1 or 2
characterised by the exposure and retraction-oc-
cultation movement of the electrodes inserted into
holes in the peripheral support to the electrospinning
capillary tube resulting from a controlled electromag-
netic force which develops at the end of the electrode
opposite the upper surface of the peripheral support
by the action of magnetic flux between a permanent
magnet attached to the electrode and an induction
coil positioned in the lower region of the peripheral
support.

7. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 6, which
occurs in the system of any of the claims 1 or 2 char-
acterized by the deposit and alignment of the flow
of fibres being performed when one or more pairs of
electrodes are held in the exposed position with re-
gard to the electrospinning capillary tube, and their
respective negative polarities are activated, accord-
ing to the intended orientation of the fibre deposition
thus forming a layer of aligned two-dimensional fi-
bres.

8. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 7, which
occurs in the system of any of the claims 1 or 2 char-
acterized by the movement of retraction-occultation
of the electrodes, with regard to the electrospinning
capillary tube, to the inside of its hole in the peripheral
support to support and deposit the fibres on the cen-
tral collecting table followed by the separation of the
fibres from the ends of the electrodes.

9. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 8, which
occurs in the system of any of the claims 1 or 2 char-
acterized by the controlled movement away from
the surface of the central collecting table of the elec-
trospinning capillary tube, after each two-dimension-
al layer of aligned fibres, accumulate successive lay-
ers of fibres on the central collecting table for the
formation of a three-dimensional fibre matrix struc-
ture in which its thickness is dependent on the
number of two-dimensional fibre layers deposited,
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the fibre thickness and the degree of compaction be-
tween layers required by the system action and vac-
uum pressure.

10. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 9, which
occurs in the system of any of the claims 1 or 2 char-
acterized by the successive layers of deposited fi-
bres in the collector module being kept in position in
the central collecting table, by action of the suction
force generated in the holes of the surface of the
central collecting table by action of vacuum pressure
generated in the inner chamber of the central col-
lecting table that communicate with the vacuum
pump.

11. Process for the production of three-dimensional
matrices of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 10, which
occurs in the system of any of the claims 1 or 2 char-
acterized by the pressure control in the vacuum
pump controlling the degree of compaction between
the formed two-dimensional fibre layers and the po-
rosity in the perpendicular direction of the deposited
fibre layer plane.

12. Process for the production of three-dimensional
arrays of continuously aligned polymeric fibres ac-
cording to any of the previous claims 3 to 11, which
occurs in the system of any of the claims 1 or 2 char-
acterised by the parameters being controlled by a
computer control unit (9) and the movements of the
electrodes being controlled by a computer program.

13. Three-dimensional matrices of aligned polymeric fi-
bres characterized by 27 layers of two-dimensional
polymeric fibres, with 9 alignment patterns (301),
(302), (303), (304), (305), (306), (307), (308) and
(309), with a total thickness of 3.24 mm.

14. Three-dimensional matrices of aligned polymeric fi-
bres, according to the previous claim, characterised
by a preferential alignment of the fibres, (i) in parallel
in their surface area, (ii) without any preferential
alignment in the intermediate area, and (iii) the fibres
are aligned in a vertical manner to the surface in the
deepest area.

15. Three-dimensional matrices of aligned polymeric fi-
bres, as described in any of the claims 13 or 14,
characterized by being applied in medicine, in re-
generative medicine and/or in cartilage engineering.
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