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Abstract. The purpose of this research was to compare the diameter of the fiber produced using
the electrospining method and scaling law model. The electrospinning process is a simple
technique in producing nanofibers from the incorporation of various polymers. The polymer
material used is Poly (vinylpyrrolidone) (PVP) with Cellulose acetate (CA) solvent. Cellulose
acetate (CA) solvents using different concentrations were 6% (PC 1), 10% (PC 2) and 17% (PC
3). The process parameters used electrospinning voltage is 10 kV, the needle tip to collector
distance is 13 cm and flowrate used is 3.2 pL/hour. The product of nanofibers was
morphologically characterized using a digital microscope and the fiber diameter size was
predicted using a scaling law model. The scaling law model predicts electrical conductivity in
PC 1, PC 2, PC 3 samples are 0.004298 S/m, 0.001289 S/m, and 0.000374 S/m respectively. The
results of the logarithmic comparison of Q/K to the diameter of the nanofiber produce a linear
graph pattern with a decrease in the value of K resulting in the diameter of the nanofiber-based
on the results of experiments that have been carried out.

1. Introduction

Nanofiber synthesis can be produced through various methods, such as: drawing, phase separation,
template synthesis, self-assembly, and electrospinning [1], [2]. The several methods that have been
mentioned electrospinning is the most versatile method in the synthesis of nanofibers. Poly(vinyl
alcohol) [3][4], Chitosan [5], Poly(urethane), poly(lactide-co-glycolic acid), Poly(vinylpyrollidone) [6],
Cellulose Acetate [7], and several other polymers have produced nanofiber through the electrospinning
method. The method involves the strength of the Coulumb force that results from the use of an electric
charge, which causes the polymer solution to elongate because of electric charge exposure [1], [2], [7]
Factors that influence the shape of nanofibers using the electrospinning method are divided into four
types: (1) structural properties of polymers (molecular weight and tactics), (2) parameters of polymer
solutions (concentration, electrical conductivity, viscosity, and surface tension), spinning conditions
(stress, spinning distance, flow rate, and piston geometry), and environmental parameters (temperature,
atmospheric pressure, and relative humidity) [1], [2], [8], [9].

Several previous studies have used Cellulose acetate (CA) in producing nanofibers that are superior
in terms of stability, biocompatibility, and hydrophilicity [10]. Cellulose Acetate (CA) can be easily
dissolved and processed in a non-polar solvent so that it is suitable in the electrospinning process [11].
This shows Cellulose Acetate (CA) has a significant advantage in the electrospinning process. However,
the lack of chemical affinity and low oxidability of Cellulose Acetate (CA) fiber prevents the application
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of Cellulose Acetate (CA) to a wide extent. One way that more Cellulose Acetate (CA) performance can
be improved by combining it with the appropriate polymer. Polyvinylpyrollidone(PVP) is a hydrophilic
polymer that is widely used because it is non-toxic, soluble in water and also has good biocompatibility
[12]. PVP is a non-polar and organic polymer so it is suitable to be combined with Cellulose Acetate
(CA).

Nanofiber has been successfully synthesized from the results of mixing PVP/CA through an
electrospinning process with a PVP molecular weight of 1,300,000 kg/mol with concentrations of 6%,
10% and 17% and CA has a molecular weight of 50,000 kg / mol. From the results of the PVP/CA
electrospinning process with a concentration of 6% produces a fiber with a diameter of 872 nm and a
PVP/CA with a concentration of 10% produces a fiber with a diameter of 1408 nm. Whereas PVP/CA
with a concentration of 17% produces fiber with a diameter of 2110. In the production of nanofibers,
the size of a stable fiber is very important. Predictions in explaining the specifications of polymeric
materials are important things that must be overcome to improve the progress of the polymer industry.
In understanding complex systems such as polymers, various forms of different polymer prediction
models have been developed and investigations carried out for each scale [13]. One model that can
predict diameter sizes is scaling law. The scaling law (SL) model combines parameters (concentration,
flow rate, inertia, electrical conductivity, viscosity, surface tension) to produce a stable diameter. In this
paper, we will discuss the prediction of polyvinylpyrollidone/cellulose acetate (PVP/CA) fiber size
using a scaling law model.

2. Method
2.1 Material

The material used to make fiber is PVP polymer and CA. PVP has a molecular weight of 1.300.000
kg/mol obtained Sigma Aldrich. The Cellulose Acetate (CA) has a molecular weight of 50.000 kg/mol
from Sigma Aldrich.

2.2 Experimental Procedure

Polyvinylpyrollidone/cellulose acetate (PVP/CA) fiber manufacturing is done by making varying
PVP / CA concentrations of 6% (PC1), 10% (PC2) and 17% (PC3). This polymer solution was cleared
using magnetic stirring for 5 hours at 60°C and at a speed of 200 rpm. After that, 10 ml Terumo syringes
are inserted with 15 mm hole diameter, 38 mm width and 0.8 mm needle length. The PVA/CA solution
is spun using electrospinning equipment (Nacriebe 601), the systematics of the electrospinning
illustration is shown in Figure 1. This electrospinning equipment uses room temperature and inertia (26
+ 0.55°C, RH 40 £ 50%). The polymer uses a voltage of 15 kV and a flowrate of 5 mL/hr to collect
fibers on the collector drum. The collector drum uses a rotation speed of 450 rpm and the distance
between the needle and the collector is 10 cm. At the time of collection of fibers can use the camera to
monitor Taylor Coneyang formed on the tip of the syringe.
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Figure 1. Schematic illustration of electrospinning [7]
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2.3. Scaling Law Modeling

Scaling law (SL) is an observation of how the laws of physics work on the size of a material or a
reduced device. The application of SL is widely used in solid physics. SL is needed to explain the particle
sizes that make up solid and polymer materials. Based on SL, the diameter of the polymer that has been
synthesized by the electrospinning method will be a function of flow rate, electrical conductivity,
dielectric constant, polymer volume fraction, viscosity, solution density, surface tension, and molecular
weight. Hogan (2007) [14] and Widyandari (2007) [15] explain the Scaling Law (SL) model in a
theoretical prediction of the diameter of fibers and particles given by the following formula:

1

Q\3 i

Ddrop — G(K) <K£0 E) ......................................................................... (l)

_6 1 T

G(K) = —10,9K 75 4 4,08K T3 e (II)

Description of the equation:
Dagrop = droplet diameter K = electrical conductivity (S/m)

£ = permeability (8.85 x 10-12 C2 / Nm2) Q = flow speed (uL / min)
K = dielectric constant G(k) = dimensional function

Equation (i) for prediction of droplet size, equation (ii) for prediction of polymer particle size. The
dielectric constant value has been determined while the value of viscosity, droplet size, and polymer
particle size is predicted. The evaluation results are then used to show that with the control of the
polymer solution and the appropriate process parameters will produce polymer particles with stable size
and controlled properties that can be produced.

3. Result and Discussion

3.1 PVP/CA Nanofiber

The manufacture of Polyvinylpyrollidone/cellulose acetate (PVP/CA) fibers is produced using
electrospinning by utilizing an electric field to produce coulomb forces so that it can gently pull fibers
from the polymer in micrometers and nanometers. When a high DC voltage source is connected to the
needle as a positive electrode and the collecting drum as a negative electrode, which is initially very
neutral charged it experiences polarization due to the influence of the potential difference between the
two electrodes[1], [16]. The charges in this solution will be spread evenly including on the surface of
the solution. The collection of these charges will experience a Coulomb force due to the repulsion
between charges according to equation (iii)[17]. Moreover, will produce an electric force due to the
electric field of the two electrodes in accordance with equation (iv) [17]. This process is suitable for
producing fibers that use large, small and complex molecules. In addition, this process does not require
the use of chemical coagulation and high temperatures.

- kqiq,
e (iii)
Fatoctric = QE  +ooeveommeemereinteinesise s (iv)

In the electrospinning process, there are basic properties to produce fiber including viscosity, surface
tension, solution conductivity and electrostatic forces. Three balanced forces including the electrostatic
force of the high electric field (Fc), the hydrodynamic force of the booster pump (Fn) and the surface
tension force (Fy) influence the formation of the fiber[6], [7]. When the electrostatic and hydrodynamic
forces exceed the threshold value of the surface tension, the jet will come out and fibers will form on
the collector.

3.2 Morphology and Fiber Distribution

In the electrospinning process the electrical conductivity of the solution plays an important role in
controlling the structure of nanofibers. In addition to the electrical conductivity of stout solutions, the
literature states that the impact of the quality of the solvent on the electrospining process is able to
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control nanostructures. In experiments, that have been carried out using PVP polymer materials with
solvents using CA[18]. The volume ratio of the PVP / CA ratio is 7: 3 for all samples with different CA
solvent concentrations. In the process of electrospining the thickness of the polymer solution determines
the conductivity of the solution.
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Figure 2. Morphology and diameter distribution of nanofiber (a) PC1 (b) PC2 dan (c) PC3 nanofiber.

In figure 3 shows the fiber distribution of PVP / CA solutions with 3 different concentrations. PC1
with a concentration of 6% produces nanofibers with a diameter of 872 nm and PC2 concentrations with
a concentration of 10% and PC3 with a concentration of 17% produces nanofibers with a larger diameter
of 1408 nm and 2111 nm. The morphology of the different nanostructure structures that results from the
electrospinning process is very dependent on the parameters of the solution[19]. Morphological results
of PVP / CA fiber distribution using a digital microscope with 400 times magnification with a scale size
of 50um. In the picture PC1 is a distribution of nanofibers in a bead structure with a fiber distribution
of 14 nm. PC2 images produce morphology in the form of fibers with a standard deviation of 17 nm and
PC3 images produce morphologies in the form of fibers with a standard deviation of 20 nm. The
nanofiber of optimum produced with the electrospinning method at a concentration of 17% wi/w is free-
bead fiber. This research is in accordance with the results of previous studies [6,7], that the increased
polymer concentration produces free-bead fiber.

3.3. Fiber Size in the Scaling Law Model
Table 1. Results of PVP / CA Samples

Samp K Q Q/K Log D Droplet

el £ (sim)  (uL/min) (uL/min)/(S/m) Q/K (um) size (um) °9P
PCL 5-78 0004298 0,05 1163177  1,0657 0872 0,78-217 -0,05948
PC2 5-78 0001289 0,05 405819 16028 1,408 093-259 0.148902
PC3 5-78 0000374 0,05 160,8943 21238 2110 1,28-322 0,34439
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Based on table 1 the results of the calculation of the fiber diameter for all experiments with a
comparison of the value of the flow rate with electrical conductivity. Based on Figure 3, the shape of
the circle is the data of experimental results predicted by the size of the Polyvinylpyrollidone/cellulose
acetate (PVP/CA) PVPI/CA fiber using equation (1) and equation (2). Based on Figure 3. Squares, and
triangles are empirical data obtained from the results of previous studies, Widyandari (2007) using
polymer-pigment-composite nanoparticles and using pure polymers and also shown theoretical lines
showing approximate diameter sizes of fibers based on equation (1) and (2) [15], [14], [20].
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Figure 3. Relationship of logarithm of droplet diameter from two empirical data and
theoretical calculation of comparison of solution flow rate and electrical
conductivity

In Figure 3 it was found that the experimental data in accordance with the theoretical model k = 5 to
78 8 were used, as 5 <k <78 for all solutions. More than double the predicted Q / K logarithm, the fiber
diameter calculated based on the polymer solution is in very good condition with the prediction from
the equation. (1); thus SL can be used to predict and control the size of the polymer fibers produced. by
adjusting the parameters of the atomization process (flow rate, electrical conductivity, and dielectric
constant). Polyvinylpyrollidone/cellulose acetate (PVP/CA) fiber size prediction using the scaling law
model in PC1 sample shows the logarithm value of (flow rate per electrical conductivity) is 1.0657 and
the logarithm value of the fiber diameter is -0.05948. In the PVP / CA sample with a concentration of
10%, the logarithmic value of the flow rate per electrical conductivity is 1.6028 and the logarithm value
of the fiber diameter is 0.1486 and the PVP/CA sample with a concentration of 17% shows the
logarithmic value of the results (rate flow per electrical conductivity) is 2.1238 and the logarithm value
of fiber diameter is 0.32428. From these results it can be concluded that the greater the logarithm of the
flow rate per electrical conductivity (Q / K), the greater the logarithm of the fiber diameter.

4. Conclusion

The electrospinning method and the scalling law method have succeeded in the production and
prediction of nanofiber PVP/CA fibers. The nanofiber of optimum produced with the electrospinning
method at a concentration 17% w/w is free-bead fiber, with the process parameters of electrospinning
voltage is 10kV, the needle tip to collector distance is 13 cm and flowrate used is 3.2 pL/hour. The
diameter of PC1, PC2, and PC3 nanofibers produced from electrospinning methods were 872 nm, 1408
nm and 2111 nm, respectively and the fiber diameter size was predicted using a scaling law model are
872 nm, 1408 nm and 2111 nm, respectively. The results showed that the diameter of the nanofibers
from the experiments using the electrospinning method is the same as the results of the prediction using
the scaling law method.

Acknowledgments



Young Scholar Symposium on Science Education and Environment 2019 IOP Publishing

IOP Conlf. Series: Journal of Physics: Conf. Series 1467 (2020) 012049  doi:10.1088/1742-6596/1467/1/012049

This research was financially supported by BPDPKS, Republic of Indonesia under the Research and
Development of Palm Oil in the fiscal year 2018-2019.

References

[1]
2]
[3]

[4]

[5]
[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

S. Ramakrishna, K. Fujihara, W.-E. Teo, T.-C. Lim, and Z. Ma, An Introduction to
Electrospinning and Nanofibers. World Scientific Publishing, 2005.

R. Bagherzadeh, M. Gorji, M. S. Sorayani Bafgi, and N. Saveh-Shemshaki, Electrospun
conductive nanofibers for electronics. Elsevier Ltd., 2016.

D. Wang and J. Wang, “Electrospinning Polyvinyl alcohol/silica-based nanofiber as highly
efficient adsorbent for simultaneous and sequential removal of Bisphenol A and Cu(ll) from
water,” Chem. Eng. J., vol. 314, pp. 714-726, 2017.

Z. Jia, Z. Li, S. Li, Y. Li, and R. Zhu, “Adsorption performance and mechanism of methylene
blue on chemically activated carbon spheres derived from hydrothermally-prepared poly(vinyl
alcohol) microspheres,” J. Mol. Lig., vol. 220, pp. 5662, 2016.

C. Salas, Z. Thompson, and N. Bhattarai, Electrospun chitosan fibers. Elsevier Ltd., 2016.

Sriyanti, D. Edikresnha, A. Rahma, M. M. Munir, H. Rachmawati, and K. Khairurrijal,

“Mangosteen pericarp extract embedded in electrospun PVP nanofiber mats: Physicochemical

properties and release mechanism of a-mangostin,” Int. J. Nanomedicine, vol. 13, pp. 4927—

4941, 2018.

J. Jauhari, S. Wiranata, A. Rahma, Z. Nawawi, and 1. Sriyanti, “Polyvinylpyrrolidone/cellulose
acetate nanofibers synthesized using electrospinning method and their characteristics,” Mater.
Res. Express, vol. 6, no. 6, p. 64002, 2019.

N. Batisse and E. Raymundo-Pifiero, “A self-standing hydrogel neutral electrolyte for high
voltage and safe flexible supercapacitors,” J. Power Sources, vol. 348, pp. 168-174, 2017.

K. Nasouri, A. M. Shoushtari, and M. R. M. Mojtahedi, “Effects of polymer/solvent systems on
electrospun polyvinylpyrrolidone nanofiber morphology and diameter,” Polym. Sci. Ser. A,
vol. 57, no. 6, pp. 747-755, 2015.

J. Hou, Y. Wang, H. Xue, and Y. Dou, “Biomimetic Growth of Hydroxyapatite on Electrospun
CAJ/PVP Core—Shell Nanofiber Membranes,” Polymers, vol. 10, no. 9. 2018.

M. E. Vallejos, M. S. Peresin, and O. J. Rojas, “All-Cellulose Composite Fibers Obtained by
Electrospinning Dispersions of Cellulose Acetate and Cellulose Nanocrystals,” J. Polym.
Environ., vol. 20, no. 4, pp. 1075-1083, 2012.

I. Sriyanti and J. Jauhari, “Electrospun of poly(vinyl alcohol) nanofiber as carrier of Garcinia
mangostana L. pericarp extract,” J. Phys. Conf. Ser., vol. 1170, p. 12056, 2019.

N. Barnthip and O. Pinyakong, “Preparation and properties of gelatin nanofibers containing
lipopeptide biosurfactant by electrospinning technigue as the prototype of wound covering and
healing materials,” Mater. Res. Express, vol. 5, no. 9, p. 95401, 2018.

C. J. Hogan, K. M. Yun, D.-R. Chen, I. W. Lenggoro, P. Biswas, and K. Okuyama, “Controlled
size polymer particle production via electrohydrodynamic atomization,” Colloids Surfaces A
Physicochem. Eng. Asp., vol. 311, no. 1, pp. 67-76, 2007.

H. Widiyandari, C. J. Hogan Jr., K. M. Yun, F. Iskandar, P. Biswas, and K. Okuyama, ‘“Production
of Narrow-Size-Distribution Polymer-Pigment-Nanoparticle Composites via
Electrohydrodynamic Atomization,” Macromol. Mater. Eng., vol. 292, no. 4, pp. 495-502,
Apr. 2007.

J. Yao, C. Bastiaansen, and T. Peijs, “High Strength and High Modulus Electrospun Nanofibers,”
Fibers, vol. 2, no. 2, pp. 158-186, 2014.

R. Khajavi and M. Abbasipour, “Controlling nanofiber morphology by the electrospinning
process,” in Electrospun Nanofibers, no. 2, Elsevier Ltd., 2016, pp. 109-123.

D. N. Phan, H. Lee, D. Choi, C. Y. Kang, S. S. Im, and I. S. Kim, “Fabrication of two polyester
nanofiber types containing the biobased monomer isosorbide: Poly (ethylene glycol 1,4-
cyclohexane dimethylene isosorbide terephthalate) and poly (1,4-cyclohexane dimethylene



Young Scholar Symposium on Science Education and Environment 2019 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1467 (2020) 012049  doi:10.1088/1742-6596/1467/1/012049

isosorbide terephthalate),” Nanomaterials, vol. 8, no. 2, pp. 1-9, 2018.
[19] M. M. Munir, A. B. Suryamas, F. Iskandar, and K. Okuyama, “Scaling law on particle-to-fiber
formation during electrospinning,” Polymer (Guildf)., vol. 50, no. 20, pp. 4935-4943, 2009.
[20] K. Febrian and S. Triaminingsih 2018 Electrosprayed Polyvinylpyrrolidone ( PVP ) Submicron
Particles Loaded by Green Tea Extracts IOP Conf. Ser. Mater. Eng. 367.



