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Annotation

This work shows the possibility of producing three-dimensiaaab- sized polymer fibres. The
obtained fibres are oriented, this allowing to create threerdiimeal objects. The proposed
method allows to lay strictly oriented nanofibers from PMMA- paymwith the diameter from
50 to 500 nm. Application of different types of electrodes mak®ssible to vary the size of
nanofibers. Oriented polymer nanofibers were used for constructlmn-bfames for biological

cells.
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Introduction

At present, there are different methods of
producing nanomaterials. In its turn, 3D printing
reached the stage when the desired product can be
obtained irrespective of the complexity of its
form. The use of such technology for nanofabrica-
tion will allow to produce nano-sized substances
with the necessary geometric structure. We pro-
pose a novel method which includes the process
of electroforming nanofibers under the action of
electric field of high voltage and 3D technology.
The main difficulty in using electroformation for
nanofabrication is internal instability of electrified
nanojets under the conditions of mutual Coulomb
repulsion. In our method we solve this problem
using electrodes of different types which are mod-
ifications of {-like» form as well as two parallel
«l 1» electrodes. This approach allows changing
the directions of electric field lines, this being
necessary for production of oriented nanofibers.
The proposednethod allows to lay strictly orient-
ed nanofibers of the diameter from 50 to 500 nm,
constructing «nanowalls» from them. This tech-
nology of nanofabrication with the use of 3D
printing will find its application in different fields
such as medicine, in particular for obtaining a
frame for biological cells, production of nanofil-
ters, nanorobotics, nanoelectronics.

3D printing reached the stage when the de-
sired product can be obtained irrespective of the

complexity of its form. The use of such technolo-
gy for nanofabrication will allow to produce na-
nosizedobjects. Besides, nanostructures or micro-
structures can be used as substrates and in this
way the complexity can be realizede at the
nanolevel This method allows «to draw» with a
set of molecules in line with the width of tens of
nanometers [1].

It should be noted that it is very difficult to
control the form of a jet and the rate of diffusion
of polymer molecules contained in a limited vol-
ume of the solvent. Electroformation is an attrac-
tive process for depositing nano-sized objects
which uses nanofibers emitted from a drop of
ligud under the action of a strong electric field [2].

Production of 3D — objects by direct deposi-
tion of functional materials has been the subjects
of intensive study in a large scale production in
recent years and 3D printing reached the stage
when the desired product can be produced irre-
spective of the complexity of its form. Thus, 3D
printing is a promising technology of production
being quick, less expensive and economically
profitable. The use of such technology of nanofab-
rication will allow to use microstructures as sub-
strates and in this way the complexity can be real-
ized at the nanolevel [3].

Electrospinning is a simple and available
method for production of nano-sized objects
which uses nanofibers emitted from a drop of lig-
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uid under the action of a strong electric field. The
main difficulty in using of electrospinning for
nanofabrication is internal instability of electrified
nanojets under the conditions of mutual Coulomb
repulsion [4].

The interest to nanosized materials is aroused
by the fact that their mechanical properties, such
as strength limit, tensile strength, bending
strength, compressive strength, moduli og elastici-
ty increase with the decrease in the sizieparti-
cles andeach the theoretical limit at the nanolev-
el [5]. Using different constructions and modifica-
tions of the apparatus, the method of electrospin-
ning allows at present to produce nanofibres from
different materials — polymers, composites, semi-
conductors, metals, ceramics [6].

In the process of electrospinning, the jet is
stretched by electrostatic forses and gravity, while
surface tension, viscosity and inertia play their
role, too. In the process of liquefaction, the sur-
face charge density changes, this influencing the
electric field. When the jet transfers from Taylor
cone to an almost straight, the movement of a lig-
uid jet is subjected to different forces such as
Coulomb force of electric field, the force of ap-
plied external electric field, surface tension, gravi-
ty and air resistance force [7]. According to the
work of D.A. Sevill on electrohydrodynamic pro-

cesses which take place in Taylor cone, the state

of the jet can be presented in the form of four sta-
tionary equations: conservation of mass and elec-
tric charge, Coulomb law for electric field de-
pending only on the axial position, for conven-
ience of computations.

Experimental part

Polymer fibres were obtained on «3D print-
er+ electrospinning» installation at the Institute of
Combustion Problems and Texas Dallas Universi-
ty. The assembled unit included an installation for
producing polymer films by the method of elec-
trospinning and 3D printer on which oriented pol-
ymer nanofibers were obtained. The unit consisted
of 3D printer, high voltage sourse, protective cov-
er, syring pump. The voltage of 10 kv was applied
to the needle tip and electrode, the distance be-
tween them made up 15cm. In the work, different
types of electrodes were used and that allowed us
to obtain oriented fibers will the thickness of
about 200 nm. Figure 1 presents a schematic view
of the installation «3D printer+ electrospinning».
3D printer was modified into which the polymer
solution was pumped. High voltage was applied to
two electrodes one of which was on the printed
circuit board of 3D printer and the second one —on
the capillary.

High voltage

A drop pf polymer =7

N

Contmuous feed

¥~ pump for polymer

B

The first
electrode

Printing ciruit board of 3D printing

The second electrode

Glass

Fig. 1. A schematic view of the experimental installation.
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It should be noted that the electrodes used in
our experiments had different geometric forms.
Figure 2 presents their schematic views. This
modifications were necessary for changing the
electric field lines. This, in its turn, allowed to
produce plat «walls» from polymer fibers.

IH H

Fig. 2. Images of electrodes on the printed circuit
board of 3D printer.

At this stage of work, fibre printing is real-
ized, the simplest figures were obtained. Further,
it is planned to carry out experiments with three

types of polymers as well as works on producing
several layers from different types of polymers.

Results and discussion

The authors obtained nanosized films from
different types of polymers with three types of
electodes of the support, the electrodes differed in
only the geometric form, the difference in the ob-
tained fibres is expained by the fact that electric
field changes with three types of electrodes, this
exerting an effect on formation of nanosized pol-
ymer fibers. Figure 3 presents images obtained on
electron microscope. The images show oriented of
fibers the sizes of which make up about 200 nm.
The size of the obtained film depends only on the
size of the first electrode. In our experiment we
obtained films with size of 5* cm.

EHT = 8.00 kv
WO = 3.8 mm

Signal A = InLens
Phots No_ = 8368

Dete :27 Jun 2016
Time 113:12:42

Signal & = InLens.
Photo No. = 8371

Date 27 Jun 2015
Time 13:14:11

b)

Duate 27 Jun 2018 —
Tene 121242

M,

Fig. 3. The images obtained on electron microscope
(a, b,c corresponding to 1, 2, 3 in Figures 2).
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Conclusion

The process of producing polymer films by
the method of electrospinning was studied. We
proposed the method of using 3D prineter in com-
bination with the installation for electrospinning
which allowed us to print the simplest nanosized
objects with polymer fibers. It is shown that na-
nosized 3D objects can be produced with the help
of electrospinning.

Manipulations over electric field lines, such
as electrostatic or magnetic deflectors will allow
to realize quick 3D printing of a complex form
which can be used for nanofilters, nanorobotics.
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HHE HAHOBOJIOKOH ME€TOA0OM SJICKTpO(i)OpMOBaHI/ISI.
YuebHoe mocobue IS CTYIEHTOB IO CIEITHATb-
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OPHATY BOMBIHIIA YIII OJMIEM/I OBBEKTLIEPJI OHJIIPY
«3D PRINTING+ELECTROSPINNING»
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AHHOTAUUA

Bbyn sxyMpIcTa ymiemrmemal HAHOOIIEMII MOJUMEPITi TaIIBIKTapAsl aly JKYMBICTAphl JKYPTi3iIreH.
[IMMA- mnomumepiner auamerpi 50-en 50Qim-re peiiiH OonaThiH, TEK OAaFBITTANFaH KOHE

anicre

by

YIIONIMIEMII TaNIIBIKTAp ATbIHFAH. AJIBIHFAH TANIIBIKTAp OAaFbITTANIFaH, SFHU YINOJNIIeM[Ii OOhEKTiIepai
alyra MYMKIHIIK Oepefi. DIeKTpOoaTapablH Op-TYPJI THITEPiH NMaigalaHy HAHOTAIIIBIKTAPABIH OJIIeMIiH

Oackapyra MYMKiHOIK Oepei.
OMOKapKacTapblH TYPFBI3yFa MailalaHbUIIbL.

bareprTTanran HOHI/IMepJ'Ii HAHOTAJIIIBIKTAp 6I/IOHOFI/I}IJ'IBIK KJICTKaJIap AbIH

Tyiiinai ce3nep: 3D npuHTEp, HAHOOIIIIEI TAIIIBIKTAP, HAHO O0BEKTLIEP
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MPOU3BOACTBO 3-x MEPHBIX OBBEKTOB HA YCTAHOBKE
«3D PRINTING+ELECTROSPINNING>»
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AHHOTAIUSA

B manno# paboTe moka3aHa BO3MOXKHOCTh IMOTYUYEHHUS TPEXMEPHBIX HAHOPA3MEPHBIX TTOJTUMEPHBIX BOJIOKOH.
[MomryueHHBIE BOJOKHA OPUEHTUPOBAHBI, YTO MO3BOJUT CO3/1aBaTh TPEXMEPHbIE 0O0BEKTHI. [IpemiokeHHbIH
Croco0 MO3BOJISIET YKIIAIBIBATh CTPOTO HAIPaBIIeHHBIE HAaHOBOJIOKHA 13 [IMMA-nonuMepa ¢ IuaMeTpoM OT
50 o 500 uM. [IpuMeHEHHS Pa3IUYHBIX THIIOB 3JICKTPOAOB O3BOJISCT BAPHUPOBATh Pa3Mep HaHOBOJOKOH.
OpHueHTHPOBAHHEIE TTOJMMEPHBIC HAHOBOJIOKHA OBUIM HCITOJIB30BAHBI JUI TOCTPOCHHS OMOKApKACOB ISt
OMOJIOrHYECKUX KIIETOK.

Karouessbie ciioBa: 3D npunTep, 31eKTpohopMUpOBaHIe, HAHOpa3MEPHBIE BOJIOKHA, HAHO OOBEKTHI
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