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A STUDY OF THE POSSIBILITY OF MANUFACTURING ELECTRICALLY
CONDUCTIVE WEBS OF POLYANILINE AND POLYLACTIC ACID USING
ELECTROSPINNING TECHNIQUE

Annotation: Polyaniline (PANI) is one of the most electrically conductive polymers
that have been investigated and studied because of its unigue advantages such as its ease
of preparation or synthesis and ease of doping (and redoping) and good stability in the
surrounding conditions in addition to the low price of monomer. In this research, poly-
lactic acid (PLA) and poly-aniline (PANI) mats were manufactured using electrospinning
technique by two ways. A solution of PLA/PANI was prepared and spun on
electrospinning device. PLA mats were manufactured and aniline was polymerized on the

resulting mats. The morphology and diameters of prepared nanofiber mats were scanned
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by scanning electron microscope. The diameters were determined by image j program
and the values ranged between (84.028- 119.978) nm. The electrical conductivity of the
resulting mats was studied using the four-point technique. The electrical conductivity
values were ranged between (1.6 -3.2) 10~° s/cm.

Keywords: Conductive Polymers, Poly Aniline, Poly Lactic Acid, Electrical

conductivity

N3YYEHUE BOSMOXHOCTH ITPOU3BOJACTBA
SJEKTPOIPOBOJIAIINX CETEH NOJUAHUJINHA U
MNOJHUJIAKTUYECKOMN KUCJIOTHI C IOMOIIbIO
TEXHUKU SJIEKTPOBPAILIEHU A

Annomayun:  llomanunun  (PANI)  aensemcs  oOnum  u3  Haubonee
INEKMPONPOBOOAUUX NOTUMEPOB, KOMOpble ObLIU UCCAe008AHbL U U3YUeHbl 01a200aps.
CBOUM YHUKATbHLIM NPEeUMYUWECMBAM, MAKUM KAK J1e2KOCMb NOJYYeHUs UIU CUHmMe3d U
JIe2KOCMb  JIe2UpoB8aHusi (U NOBMOPHO20 Jle2UpOBAHUs) U XOPOWds CMAOUIbHOCIb 6
OKDPYHCAIOUWUX YCTIOBUAX 8 OONOTHEHUE K HU3KAS YeHa MOHoMepa. B amom uccredosanuu
mamol u3 noaumonoynou kuciomol (PLA) u noruanununa (PANI) Oviiu uzeomosnersi
Memooom anekmpogopmosanusi 08yms cnocovamu. Pacmeop PLA | PANI comosunu u
yenmpugyauposaiu Ha ycmpoticmee 01s npaoenus. boiiu uzeomosnenvt mamol PLA u na
NOJYYEeHHbIX MAmMax noaumepu3osancs avuiun. Mopgonoauro u ouamempol nOLy4eHHbIX
MAmos8 U3 HAHOBOJIOKOH CKAHUPOBANU C NOMOWDBIO CKAHUPYIOUIE20 IJIeKMPOHHO20
Mukpockona. Juamempoi 6vliu onpedenernvl npoSPAMMOU U300PAINCEHUS. |, U 3HAUECHUS.
Haxoounucy 8 ouanazone (84,028-119,978) Hm. Onekmponpo8oOHOCMb NONYUEHHbIX
MAmMo8 U3yuaIach C UCHONL30GAHUEM YEMbIPEXMOUYEYHOU MemoouKy. 3HaueHus
2NEeKMPONPOEOOHOCIU HAXOOUTUCH 6 Ouanasone (1.6 -3.2) 107° s/cm..

Knrwuesvie cnosa: Ilposooawue nonumepwl, Iloau anunun, Ilonu monounas

Kucioma, J1eKmponposooHOCHb
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Introduction:

Electrically conductive polymers are organic materials with a main chain
comprising m-electron conjugated electrons and are responsible for their important and
distinctive properties such as: 1- Electric conductivity, 2- Low energy needed for optical
transmission, 3- Low ionization potential, 4- High electronic familiarity. The extended =
conjugate structure in conducting polymers has alternating single and two bonds along the
polymeric chain. The relatively high value of the electrical conductivity shown by these
polymers was called synthetic metals due to their properties similar to the properties of
minerals [1, c. 20], For these conductive polymers there is many applications such as
electrolysis [7, c. 440], separation and filtration films [5, c. 873], chemical separation
(chromatography), live tissue engineering [4, c. 365], and chemical and biological sensors
[6, c. 290].

Polyaniline (PANI) is one of the most important organic conducting polymers due
to its simple oxidative polymerization and excellent electrical conductivity combined with
relatively high levels of chemical stability [1, c. 23]. PANI has attracted considerable
attention for its potential applications in various fields, such as electromagnetic
interference (EMI) shielding [2, c. 23], microwave absorption [3, c. 880], chemical
sensors [4, c. 67], corrosion protection coatings [5, c. 73] rechargeable batteries [6, c. 299],
and hydrogen storage [7, c. 447].

The PANI doped with strong protonic acids is difficult. PANI doped with organic acids
containing long alkyl chains.

Electrospinning concept:

In a typical electrospinning process a high voltage is used to create an electrically charged
jet of polymer solution or melt, which dries or solidifies on extrusion to leave a polymer
fiber [6, c. 301]. Three major components are needed to complete the process (Fig. 1): a
high voltage power supply, a capillary tube with a spinneret and a collector which is

normally grounded [8, c. 350]. Most often the spinneret is connected to a syringe which
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supplies the polymer solution and the solution can be fed through the spinneret at a
constant rate using a syringe pump[9, c. 1065]. When a high voltage is applied, the
pendant drop of polymer solution at the nozzle of the spinneret becomes statically charged
and the induced charges are evenly distributed over the surface[10, c. 150]. The surface
tension of the droplet would normally result in a sphere at equilibrium [11, c. 200]. but it
Is distorted in the electric field, because charges within the droplet migrate to the surface
that faces the collector The accumulation of charge causes a protrusion to appear on the
end of the droplet, distorting the droplet into a conical shape known as the Taylor cone
[14, c. 1566]. With increasing field strength, the repulsive electrostatic force overcomes
the surface tension and a charged jet of fluid is ejected from the tip of the Taylor cone
when a critical value is attained[14, c. 505]. The polymer solution is discharged as a jet
which then undergoes a stretching and whipping process (a series of connected loops) [13,
c. 2908], leading to the formation of a long thin thread. As the solvent evaporates, solid
polymer fibers with diameters ranging from micrometres to nanometres are formed and

lay on a grounded collecting metal sheet or drum.
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Fig 1. Schematic illustration of the setup used for electrospinning ultrafine fibers.

Electrospinning device components:

Electrospinning device components can be divided to three mean equipment:
Extrusion equipment: a pump and the syringe and needle.

The collector

High voltage power supply: gives a very high voltage up to 50 Kv.
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Fig 2. lllustrate Electrospinning device

Processing conditions:

Process control in electrospinning process is typically limited to identifying the operating
conditions that produce fibers with acceptable properties. However, within a laboratory
setting, even with these conditions identified, it is reported that there still remains
significant variation in the quality of the produced materials. These variations are a result
of an incomplete understanding or consideration of all the process variables. There are
many factors influencing the morphology of the fibers or fibrous constructs produced and
these can be divided into solution parameters, process parameters and ambient parameters

which are listed in Table 1.
Table.1 Variables of the electrospinning process divided into classifications:

Solution Process Ambient
parameters parameters parameters

Material Electromagnetic  Humidity

selection fields
Solvent (strength and  Temperature
selection orientation)
Concentration Spinning Atmosphere
Viscosity distance Air

movement
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Solution flow

rate
Dielectric Spinneret
constant morphology
Conductivity Collector
morphology
Surface
tension
Elasticity

Experiments:

Device equipment and Materials:

Chemical Materials:

Aniline (C4H,N ) (molar mass (93,13) gr / mol, Density (1.02 Kg /L))

Poly Lactic Acid (PLA) (Strip (D =1.75 mm), Density (1.25 g/ cm3))
Dimethylformamide (DMF), Acetone, and Ammonium persulfate ((NH4 ), S;03). all of
analytical reagent grade, were purchased from Merck. Chemicals were used as received
without further purifications.

Electrospinning Device:

We worked on a device have been designed in Albaath university- Chemical and
Petroleum Engineering Faculty- Textile and Spinning Department as shown in fig(2).
Electrospinning device consists of:

. Extrusion equipment: A pump and the syringe and needle.

The syringe pump of this device has been designed in order to use of a variety of syringes.
The system is able to inject the certain volume of solution with different rates

. The collector: Rotating chrome cylinder covered with aluminum sheet was used.

High voltage power supply: The volt was about (5 — 250) Kv.
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Scanning Electron Microscopy (SEM): Fiber morphology and fiber diameter were
determined using scanning electron microscope, which have magnification ability up to
(5000) times.

Fig 3. Scanning Electron Microscopy (SEM)
DC-Electrical Conductivity: The electrical properties of the electrospun nanofibers were

measured by four-point probe technique. Before measuring the conductivity, the nanofiber
samples (dimensions 2 x 2 cm2) were conditioned for (24 h) in (25 £ 1°C) and (35 + 5%)
relative humidity. The electrical current (I) was measured with KEITHELY-220
programmable Current Source and KEITHELY-617 programmable electrometer. The

electrical conductivity ¢ was calculated using Van der Pauw relation by using Eq (1).
o= 4L (1)
tXwV
where d is the distance between the electrodes (cm), (t) and (w) are the sample’s thickness

and width respectively (cm).

fig 4. four-probe homemade device

«Hayy4HoO-npakTu4eckn aneKTpoHHbIN XXypHan Annea Haykun» Ne3(42) 2020
Alley-science.ru



Preparation of electrospinning solutions:
The solutions were prepared in three steps:
1. Preparation of PANI:

(50 ml) of aniline was dissolved in (25 ml) of Hydrochloric acid (HCL). The solution was
cooled to (-2 °C) by using an ice bath. (3.8 g) of Ammonium persulfate ((NH4 ), S;03)
was dissolved in (25 ml) of HCL. Tow solutions were mixed were mixed gradually for
two hours to form Poly aniline. The mixture was stirred on the magnetic stirrer for (24
hours). A small amount of sodium hydroxide (NaOH) was added to the mixture to deposit
polyaniline. The deposit was filtered and washed with distilled water and ethanol then the
result was dried for a day by using woven drier.

Preparation of PLA:

A solution of poly lactic acid was prepared with a concentration of (5% wt) where (5g of
PLA) was dissolved in (100 ml) mixture of Acetone and Dimethylformamide (DMF) with
a ratio of (60:40 / DMF: Acetone). The mixture was heated to (70 °C) with magnetic
stirring for (5) hours.

3. Preparation of electrospinning solution:
Two types of solutions were spin:

1. PLA solution

2. PLA + PANI: Which prepared by adding PANi powder to PLA solution with different
weight concertation (Pani(g)/PLA(Q)).
Electrospinning Parameters:

The electrospinning process was performed according to the following Parameters:

Table 2. Electrospinning Parameters

Exp. PLA PANI Flow rate Distance between Voltage
No concentration  concentration ml/h syringe needle and supply Kv
% g/g % collector cm
1 ) 0 3) 10 20
2 5 1.5 5 10 20
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Polymerization of aniline hydrochloride onto electrospun nanofibers mats of
polylactic acid:

Another way to prepare samples was prepared by bulk oxidative solution polymerization
of PANI onto electrospun non-woven fibers mats of PLA. The PANI ratio in the
composite is about (50 % w/w).

RESULTS AND DISCUSSION

Morphology of the Nanofiber Mats:

All samples of nonwoven nanofibers mats were prepared then scanned under scanning
electron microscope (SEM) and analyzed using Imagej program to get the average nano-

fibers diameter for each sample.

Fig 5. (a) PLA nanofiber non-woven mat, (b) PLA/PANI nanofiber non-woven mat,

(c) Polymerization of PANI onto PLA mats
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Fig 6. SEM micrographs of nanofiber mat: (a-b) PLA +PANI, (c-d) PLLA

The average diameter of each sample was measured and calculated, as listed in table (3).
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Table (4) the values of average nano-fibers diameter

Sample Diameter Average CcVv
PLA 75.143,  38.095 97.124, 84.028 31.8446
60.234 102.575, 111.066,
121.96
PLA/PANI 137.079, 200.537, ,131.635, 119.978 44.0006

125.622, 124.719, 74.906,

112.36 52.967

DC-Conductivity:

For DC conductivity (o), 10 measurements were carried out for each of the 5 PLA/PANI

and PLA nanofiber mats prepared as mentioned above with 5 measurements on each side

.The average DC-conductivity of each sample was measured and calculated, as listed in

table (4).
Table (4) illustrate Measured DC- Conductivity
Thickness  Current Electrical Conductivity
Sample
mm mA s/cm

PLA 0.02 mm 1x107° 1.6 x 107°
PLA/PANI (1.5 %) 0.02 mm 1x107° 2.8%x107°
Polymerization of

0.02 mm 1x107° 3.2x107°

PANI onto PLA mats
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Results and Discussion:

SEM micrographs show formation of nanofiber mats of PLA with randomly oriented
fibers, beads free with average diameters about (84.028 nm). The average diameter of
PLA/PANI nanofiber mat is about (119.978 nm)

PANI nebulas are formed around PLA nanofibers, because of PANI placed on the surface
of the fibers and distributed between the mat gaps.

The DC conductivity (o) measurements show (o) values range of (1.6 —3.2) 10~° s/cm.
We can attribute this difference to the high porosity of the nonwoven mats and to the
random orientation of the fibers in the composite mat which implicates a random
movement of the charge carrier between electrodes. The electrical conductivity could also
be affected by the morphology of m-conjugation polymers from respect of density of
electrons and arrangement of PANI molecular chains in the composite mat.

Conclusion:

PLA/PANI mats were manufactured using electrospinning technique. PLA mats were
spun on electrospinning device, and Aniline was polymerized on the resulting mats.
PLA/PANI mats were prepared on electrospinning device. PLLA nanofibers were beads
free with good shielding of PLLA nanofibers by PANI and with a good electrical

conductivity.
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