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Original Research Articles
Preparation and Testing the Hyperthermia Property of Electrospun Micro

and Nanofibers

ABSTRACT

The hyperthermia properiyf nanomaterials hasceived attention in recent years due to
advances in nanofiber production. One of its mawppnents is the medical field where it
used to ombat malignant cancer ce. In this work we confirmed thaa polymer solutiot
containing titanium cobalttompounds as precursors can electrospun into fibers ar
transformed a ceramic oxi@gdter heat treatmenAfter heat treatment the fiber size is reduc
The size of the fiber is in the range from nanasdtalthe microscale. The fiber shows inten:
hyperthermia behavior in the electromagnetic fidlde temperature increases from 22 t°C
when it is heated foBO s. The surface temperature of the treatd specimen increases I
during the hyperthermia test as compared withdh#ite unheate specimen.

1. INTRODUCTION

The hyperthermia properties of cobalt have recereadonable attention in recent years dt
the advances in nanofiber production. One of itswpeoponents is the medical field where i
used to combat malignant cancells [1]. Electrospinning is a process that produces poly
filaments using electrostatic forces and was patent 1934 by Anton Formhals. It is a fi-
forming process aided by the application of elestatic force to control the production of fibe
[2]. Electrospinning has emerged as a more simpteraliable method to produce nanofib
than previous conventional process as shown inr€&igu Electrospinning is accomplished
dissolving the desired nanofiber terial in a conductive liquid solvent. The fluidtlsen loadec
in a syringe and expelled through a very fine needlhe needle itself is charged w
considerable voltage (in the range 0-30 kV) and pointed at a grounded collector surfhes
attracs the material. The attraction process splits #eow stream of material into fibers tt
achieve a nanoscale. The fibers overlap and afithnof material is created. The main reas
the smaller nanofiber material holds together ig thtermolecule forces between small
molecular units. The overall shape of the nanofdegrends on the shape of those unit.
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Fig. 1 Schematic celectrospinning process.
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Nanofibers can also be created by other conventroethods, such as drawing, templ
synthesis, phase separation, and-assembly. Some of the differences between elecinuisiy
and the conventional methods are listed in Tal

Table 1.Comparison of processing techniques for preparanofiber: [3]

Canthe Control on
Process Technological processbe  Repeatabiity Convement fiber
Advances scaled? to process dimensions
Drawing Laboratory No Yes Yes No
Template Laboratory No Yes Yes Yes
Synthesis
Self- Laboratory No Yes No No
Assembly
Laboratory
Electro-  (with potential Yes Yes Yes Yes
spinning for mdustnal
processing)

The main advantages of elespinning compared to other processes are its
effectiveness, and the fact that electrospinning result in long, continuous nanofibers. Ot
benefits of electrospinning include good controkiothe nanofibers diameter by adjusting
process paraaters [4]. The shape of the fibers is relatecheoamount of electrical charge tl
is carried with the fluid inside the syringe, arg tamount is dependent on different fac
which can be used to obtaining significantly longanofibers [5]. Thesfactors include th
distance from the tip to the collector, the diametiethe fluid jet near its cone, relaxation tir
viscosity of the fluid, and the polymer concenwatin the fluid which is not possible throu
other techniques [6]. Moreover, reation time is the amount of time it takes for theess
charge in the fluid to radially move toward thefage of the fluid in order to achieve
equilibrium state [7]. The main disadvantage otttespinning is the instability of the jet, whi
can’tbe precisely controlled [3]. The primary componesftan electrospun fiber solution can
different depending on the purpose; neverthele$ BPolyvinylpyrrolidone) nanofibers a
commonly added to the fiber solution as a templateproducing suitale nanofibers used
various applications [8]. Standard cobalt (atom&sm59 g/mol) has few practical applicati
on its own; however, it has many applications whead as an alloy material. In metallic ¢
ceramic alloys, cobalt is used for its wend corrosion resistance as well as keeping itagtre
at high temperatures. When combined with other na$esuch as iron, chromium, tungst
nickel, titanium, and aluminum so called “supeogdl’ can be created. Sodi-Cobalt oxide has
revealed a ausiderable potential as a thermoelectric maters&duin energy conversion a
electronic devices [9]Hyperthermia nanofiber with simultaneous heat gaiem and drug
release in response the external field may also be made using cdizded material

The objectives of this work include to make a narbple-containing polymer fiber and test t
hyperthermia. Heat treatment of the fibers willdeeformed to convert the polymeriber into a
ceramic fiber. In addition, the structure of theoigers will be analyzed and the comparisol
the behaviors of the heat treated and untreatedsfiwill be studied as we

2



68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

98

100
101

2. MATERIALSAND EXPERIMENTAL METHODS

The experimental part dhe research began by preparing a specific composisfollows.
The composition consisted of 5 mL of ethano,HsOH) and 0.375 g @yvinylpyrrolidone
(PVP) with a molecular weight of 1,300,(. Afterwards, 0.063 g of ethanol and 0. g of
cobalt acetatevere added. The major composition in the experimes cobalt acetate. All «
the compounds were added to a beaker where they mvexed together and stirred well. T
mixed composition was then transferred into a g@ito begin the elerospinning process. T
electrospinning apparatus was already setup wh&€ekd/ charge was applied to the liquid. 1
voltage applied to the composition created an etathy charged jet. The jet was ejected fr
the syringe to the grounded collectchich was placed in the distance of approximatelyci(
from the tip of the syringeThe flow rate employed in electrospinning is 0.08nmm. The
electrostatic repulsive forces acted against ttegnmolecular attractive forces of the liquid at
surfaceresulting in stretching the surface of the liquoctteate fibers on the grounded collet

After all of the liquid was converted to fiber fiteents, the samples as shown in Figure 2(a
(b) were collected and were ready for hyperthert@sting. Th hyperthermia test measures
heat reaction when exposed to a magnetic wave.s&hwle was heated in a microwave fc
different durations. Prior to placing the samplehia microwave, the temperature throughout
surface of the sample was measursing a temperature read&he power employed in the microwa
during heating is 900 WAfter recording the unheated sample’s temperathee sample was plact
in the microwave and was heated for 5, 10, 15, ZH), 30 seconds respectively and
temperatre throughout the surface was measured after le@&ting process in the microwa
In order to transform the polymer to ceramic, taeple was wrapped in an aluminum foil
shown in Figure 3(a) and was placed in a furnacghawn in Figure 3 (b) at 0°C and was hei
treated for 2 hours. After the sample was removenh fthe furnace of Figure 3(c), the sam
went under hyperthermia test once again in orderotopare the temperature throughout
surface before and after heat treatment. The eeef both tests were then tabulated and plo
for further review.

Al
)

Fig. 2 (a) Electrospinninfacilities, and (b) Nanofibers on thellectol.
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Fig. 3 Photos showing (a) Sample ready to be wrappatiminum foil prior to heaireatment,
(b) Sample placed in a MTI tube in the furnace prioheéat reatment(c) Heat treatment of the sample
the furnace at 500°C.

3. RESULTSAND DISCUSSION

In this section, the major results of hyperthertegts will be presented. Table 2 lists the t
vs.temperature data for the unheated samples. It eaedn that the temperature increases
after 5 s of electromagnetic wave exposure. Whertithe reaches 30 s, the temperatu
already over 4{C, which is a typical temperature level for viruscells to start degradation.
order to shown the results more clearly, the datigsted in Table 2 were plotted and showi
Figure 4.

Table 2. Hyperthermia Test Results before Heattrea

Time Temperature (°C) Avg. (°C)
Unheated | 22.2 22.0 22.0 22.0 22.2 22.08
3 26.0 25.8 29.0 314 24.8 27.40
10 29.6 36.0 35.6 30.0 35.0 33.24
15 41.0 424 39.6 384 38.0 39.88
20 44.2 404 37.8 35.6 36.2 38.84
25 41.6 41.2 30.8 40.6 41.0 40.84
30 51.0 52.0 434 42.8 40.0 45.84
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Fig. 4 Average surface temperature of the nanofibeforeheat treatmer

After the nanofiber specimen underwent heat treatntiee same procedures for-
hyperthermia test were adopted. The test resuliseoieat treated nanofiber specimen v
listed in Table 3.

Table 3. Hyperthermia Test Resultter Heat Treatment in Furnace at 500°C for 2 H

Unheated
5 2080 20.80 20.60 20.60 21.00
10 23 80 24.00 24.00 24.40 2420
15 26.20 2540 25.60 25 80 26.60
20 3040 32.00 33.60 34.00 32.20
25 3460 35.00 37.00 38.20 3920
30 46.00 45 40 47.40 49 80 50.60
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Fig. 5 Average surface temperature of the nandfiaéier heatreatmer.

After comparing the average surface temperatuteeofample before heat treatment (show
Table 3 and Figure 4) and aftezat treatment (listed in Table 4 and illustratgdrigure 5) in
the furnace for 500°C for 2 hours, a slightly desiag trend in the data was observed. As it
be seen in the table 2 and table 3, the averageetature for unheated sample, and at
heating duration of 5, 10, 15, 20, and 25 secoesigactively, seems to be slightly lower than
heat treated sample which means the thermal prep@ftthe sample has been improy
However, for the 30 seconds heating duration, arsual trend we observed where tr
temperature of the surface was higher in the meatdd sample. The ultimate goal wa
observe the change in hyperthermia propertieseoh#at treated material and to measure
voltage and current using the linear sweep voltatry method. Afterwards, the Seebe
coefficient of the material, which is the measuréhe magnitude of the induced thermoelec
voltage in response to a temperature differenoesadhe material, was planned to be calcul:
However, after the he&iteatment of the sample, it was observed thathteertal properties ¢
the material was not improved significantly, and sample was relatively weak in orde!
conduct linear sweep test and collect data foh&rrainalysis

Figure 6 demonstrates thieange in microstructure of titanium cobalt afteahtreatment. A
it can be seen from Figure 6(a), before the heatrnent the titanium cobalt sample shows
aligned micro and nanofibers. The fibers have sewahge of size change from nanometo
several micron meters. However, it can be obsetivaidafter the heat treatment from Fig
6(b), a thick layer and fine layer can be seen. thiek layer represents the carbonized subst
The fine layer represents the electrospun fibereeSttey are converted into ceramics
heating, they show better stability. They are @isaty brittle when handled. The microstruct
of the sample under study shows titanium coball®@xianoparticles embedded into the |
treated nanofibers.
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Fig. 6 Titanium Cobalt Nanofiber Structures: (a) Non Heaated, (b) Heat Treat

Figure 7shows the results based on the transmission eheatioroscopic analysis. In Figu
7(a), thetransmission electron microscope image showinimorphology of thetitanium cobalt
oxide nanoparticle embedded into the f is presentedIFigure 7(b), the selected ar
diffraction pattern reveals that titanium cobaltdexnanoparticle has crystal structt

20 nm 2 l/nm

(a) (b)
Fig. 7 TEM image of the Titanium Cobalt Oxid(a) Particles distributed in the fiber, |
Selected Area Diffraction Patte

The research work in this paper shows the preliginesults on the hyperthermia behaviol
electrospun nanofibersElectrospinning hassome othersignificant applications sh as
membrane filtration, catalytic processes, fib-sensor applications, drug delivery, and tis
engineering. According to the research conductedfrespinning has showthe applications in
drug delivery and tissue engineering, due to thiengility of natural and biodegradak
polymers [10]. In general, the one dimensional fiaecs have shown a great potential to
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used in the electronics, optics, and sensing tdobres. It has been observed that with even the
same composition, one dimensional nanomateriale ghstinctive properties compared to the
bulk material due to nano-sized effect [11]. Elespun nanofibers can also be used in the
energy industry, and specifically in the fuel deithnology. The most important part of a fuel
cell is the catalyst, which assists in the chemieattion between Oxygen and Hydrogen. Proton
exchange membrane (PEM) fuel cells use platinunopamicles as catalysts. However, they are
not durable enough under stresses from chemicetioea in the fuel cell. One solution to this
problem is to use electrospun nanowire catalysas @ne more durable, have higher electrical
conductivity, and better performance in generalrtti@rmore, catalyst particles must be
uniformly scattered on support materials. The suppterials should have high porosity such
as electrospun polyaniline nanofibers (PANI) anduth be used instead of carbon supports such
as multiwall carbon nanotubes (MWCNT). The highgsity is necessary for nanoparticle
dispersion uniformity and gas flow [12]. Furthermofor thermoelectric applications, nanofibers
of thermoelectric oxides will bring more chancesiplore a range of intriguing properties and
applications associated with their one dimensigrakated nanostructure [9].

4. CONCLUSIONS

The study of the preparation and hyperthermia biehatharacterization of electrospun fibers
leads to the following conclusions. The PVP polymantaining titanium and cobalt oxide can
be successfully spun into a fibrous paper substrdte size of the fiber is in the range from
nanoscale to the microscale. The fiber shows interts/perthermia behavior in the
electromagnetic field. The temperature increasas 22 to 468C when it is heated by 30 s. After
heat treatment the fiber size is reduced. The sartmperature of the heated specimen
increases less during the hyperthermia test as aadpvith that of the unheated specimen.
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