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indicates a physical entanglement rather than
chemical bonding between the nanoparticles
and the polystyrene matrix. The nanoparticles
still exhibit superparamagnetic properties
even after dispersing in the polymer matrix,
different from the reported enhanced coerciv-
ity as a result of the enlarged particle distance.
However, the magnetic field required to
saturate the magnetization is significantly
reduced. A further oxidation is deduced after
the high voltage electrospinning process.
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Introduction

Polymer nanocomposites (PNCs), a class of materials

incorporating nanoscale materials with unique physical,

chemical and biological properties into a polymer matrix,

have been extensively studied due to their synergistic and

hybrid properties derived from their parent components

and potential wide applications in diverse areas.[1–4] The

nanophase materials, serving as fillers in the polymer

matrix, are normally clusters of atoms or molecules with a

size of 1–100 nm and have size-dependent optical, electrical

and magnetic properties, which are different from their

bulk counterparts.[5–7] When such nanomaterials are well

dispersed in the polymer matrices, they will often result in

unique properties superior to their corresponding consti-

tuents.[8,9]

In recent years, magnetic PNCs have attracted consider-

able attention due to their potential applications in
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electronics, bioprocessing, magnetic recording, ferrofluids,

sensors and microwave absorption.[10–16] The magnetic

behavior of nanoparticles significantly depends on the

particle size.[17] When the diameter approaches the length

for the formation of magnetic domain wall, typical

properties, such as superparamagnetism, quantum tunnel-

ing of magnetization and magnetocaloric effects, can be

observed in the PNCs.[18] On the other hand, the dispersion

quality of nanoparticles in a polymer matrix and the nature

of the polymer remarkably influence the property of

magnetic nanocomposites.[9,19,20] Versatile methods have

been introduced to prepare PNCs, such as in situ poly-

merization,[21–25] melt compounding,[26,27] solution blend-

ing,[28–31] high shear mixing[32] and electrospinning.[33–38]

Electrospinning, first patented in 1902,[39] was re-

employed around the 1990s in producing ultrafine nm-

or mm-fibers. Due to convenience, low cost and high speed,

electrospinning is preferred for preparing nanocomposite

fibers rather than other methods such as drawing,

templates or phase separation self assembly. As a result,

electrospinning finds various uses in healthcare, biotech-

nology, environmental engineering, defense and security

and energy generation.[40] Compared with nanocomposites

in other morphologies, electrospun nanocomposite fibers,

which possess one dimensional (1-d) nm- or mm-structure,

have unique characteristics ranging from specific surface

area and high porosity, to excellent structural mechanical

properties and high axial strength.[41] In recent years, much

progress has been made using electrospinning to manu-

facture magnetic PNCs. Without catalysts and templates,

Wu et al. prepared ferromagnetic metal (Fe, Co, Ni)

nanofibers with an average diameter of about 20 nm.[42]

Wang et al. manufactured carbon/cobalt (C/Co) composite

nanofibers with diameters varying from 100 to 300 nm.[43]

Some other magnetic polymer nanocomposite fibers

containing LiCoO2,[44] NiCo2O4
[45] and NiFe2O4

[46] nano-

particles have also been reported. Recently, we have

reported the incorporation of Fe3O4 nanoparticles in

polyacrylonitrile fibers[37] and Fe@FeO core/shell nano-

particles in the polyimide fibers.[16] To make magnetic

polymer nanocomposites, ferromagnetic iron, nickel or

cobalt particles are selected as the fillers due to their high

magnetization. Among them, nickel particles are usually

preferred for their chemical stability.[47] However, incor-

poration of the ferromagnetic nanoparticles in the polymer

matrix in the fiber morphology by electrospinning is still

rarely reported to date.

In this paper, pure polystyrene (PS) and Ni/PS nano-

composite fibers with different Ni particle loadings are

prepared by a high voltage electrospinning method. The

optimum conditions to obtain uniform fibers are explored,

including parameters such as solution concentration,

spinning voltage, volume feed rate and tip-to-collector

distance. The morphology, thermal stability and magnetic
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property of the pure PS and Ni/PS nanocomposite fibers are

investigated by various techniques. The high voltage effect

on the oxidation of the nanoparticles is also analyzed from

the point of magnetization variation.
Experimental Part

Materials and Equipment

PS (melt flow rate¼ 9.0, Mn ¼ 83 900, Mw ¼225 600) was provided

by Total Petrochemicals USA Inc. Anhydrous N,N-dimethylforma-

mide (DMF, 99.9%) was purchased from Alfa Aesar. Ni nanoparticles

(�20 nm) were supplied by QuantumSphere, Inc. All these

materials were used as received without any further treatment.

For the electrospinning set-up, a 10 mL syringe with a stainless

steel gauge needle (inner diameter, 0.80 mm) was used to introduce

the polymer solution and produce solution jets. A high voltage

power supply (Gamma High Voltage Research, Product HV power

supply, Model No. ES3UP-5w/DAM) was used and connected to the

stainless steel needle. A flat aluminum foil was used as the fiber

collector and was connected to the ground. A syringe pump (NE-

300, New Era Pump Systems, Inc.) was used as the solution supplier.
Preparation of Pure PS Fibers

The PS/DMF solutions were prepared by magnetic stirring at room

temperature with polymer loadings of 10, 20, 30 and 40 wt.-%,

respectively. The prepared polymer solutions were electrospun into

fibers using the aforementioned set-up. During electrospinning,

specific spinning voltages (10, 12, 14 and 16 kV), volume feed rates

(15, 25, 35 and 45mm �min�1) and tip-to-collector distances (10 and

15 cm) were employed. The obtained fibers were dried in the

vacuum chamber to remove the solvent residue at room

temperature for further analysis.
Preparation of Nanocomposite Fibers

A pre-determined amount of Ni nanoparticles was added into the

prepared 20 wt.-% PS/DMF solution to achieve various Ni loadings

(1, 5, 9 and 17 wt.-%). The Ni nanoparticles were dispersed in the PS/

DMF solution by ultrasonication at room temperature for 90 min.

The freshly prepared solutions were electrospun to nanocomposite

fibers by the same method described above.
Characterization

The microstructures of pure PS and Ni/PS nanocomposite fibers

were characterized using a scanning electron microscope (Hitachi

S-3400). The thermal stability of the pure PS and Ni/PS nanocom-

posite fibers was investigated by thermogravimetric analysis (TGA,

TGA-Q500 instrument). The heating rate was 10 8C �min�1, and the

experiments were performed in a continuous air flow at a flow rate

of 20 cm3 �min�1. The temperature was in the range 25 to 700 8C.

The effects of the nanoparticles on the thermal properties of the

polymer in the polymer nanocomposite fibers were determined

using differential scanning calorimetry (DSC), which was carried

out with a DSC 2010 (TA Instruments). Heating scans were
DOI: 10.1002/macp.201000153
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Figure 1. SEM microstructures of pure polystyrene fibers with a
loading of (a) 10, (b) 20, (c) 30 and (d) 40wt.-%. Electrospinning
operational parameters: 10 kV, 20 cm and 50mL �min�1 for (a–c);
and 20 kV, 20.0 cm and 50mL �min�1 for (d).

Figure 2. SEMmicrostructures of 20wt.-% pure PS fibers under an
applied voltage of (a) 10, (b) 12, (c) 14 and (d) 16 kV. Electrospinning
operational parameters: 35mm �min�1, 10 cm.
performed at a rate of 10 8C �min�1 in a continuous nitrogen flow at

a rate of 20 cm3 �min�1. The samples were sealed in a standard

aluminum pan. The measurements were completed in the

temperature range 25–250 8C. The weight of each sample was

approximately 10 mg. The DSC heat flow and temperature values

were calibrated with an indium standard.

Fourier-transform infrared (FT-IR) characterizations were car-

ried out using a Bruker Inc. Tensor 27 FT-IR spectrometer with

Hyperion 1000 attenuated total reflection (ATR) microscopy

accessory. The magnetic properties of the PS/Ni nanocomposites

at room temperature were recorded in a 9T physical properties

measurement system (PPMS) by Quantum Design.

Results and Discussion

Morphology of Pure PS Fibers

PS Concentration Effect

Polystyrene fibers with a polymer loading of 10, 20, 30 and

40 wt.-% in DMF were prepared. Figure 1 shows the

scanning electron microscopy (SEM) microstructures of

pure PS fibers electrospun from different polymer loadings.

A polymer solution with 10 wt.-% polymer loading was

observed to produce non-uniform nanofibers together with

lots of beads. However, polymer solution with a 40 wt.-%

loading led to only one irregular fiber with an extraordinary

large diameter (�700mm) and many rivellings on the

surface. The beaded fibers are due to the effects of surface

tension, which is dominant in the polymer solutions with a

low concentration.[48] Polymer concentration plays an

important role in determining the solution viscosity. Lower

polymer solution concentrations are not able to produce

fibers because the viscosity is too low to maintain a

continuous solution jet, which is normally called electro-
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spray and used to produce nano- or mm particles. In

contrast, too high a viscosity will make it difficult to pump

the solution through the syringe needle. No fiber is obtained

from a PS/DMF solution with a polymer loading of 40 wt.-%

under the same operational conditions used for polymer

solutions with a loading of 10, 20 and 30 wt.-%. To produce

fibers from PS DMF solutions with a polymer loading of

40 wt.-%, a higher voltage (20 kV) and lower distance

(10.0 cm) are needed. Uniform and bead-free fibers (�7 and

8mm) are produced from polymer solutions with a loading

of 20 and 30 wt.-%, respectively. Uniform PS fibers are

manufactured from solutions [solvent: mixture of tetra-

hydrofuran (THF) and DMF with a ratio of 1:1] with a

polymer loading of 15 wt.-%, and beaded fibers are obtained

from solutions with polymer loadings of 7–13 wt.-% under

operation conditions of an applied voltage of 15 kV and tip-

collector distance of 12 cm.[49] The diameter of the fibers is

observed to increase with increasing polymer concentra-

tion, which is consistent with observations of electrospun

fibers from poly(ethylene oxide)/water, PS/THF, PS/1,2-

dichloroethane, PS/ethyl acetate and PS/methylethylke-

tone (MEK) systems, respectively.[50–52] A power law

relationship is recommended to depict the relations

between the fiber diameter and the solution concentration

by other groups, though with different exponents.[51,53]

Applied Spinning Voltage Effect

Figure 2 shows the SEM microstructures of the fibers

produced with different applied electrospinning voltages.

The polymer solutions were maintained constant at 20 wt.-%.

The flow rate and working distance were controlled at

35mm �min�1 and 10 cm, respectively. Under the above

fixed operational conditions, uniform PS fibers are obtained

at a wide range of voltages, from 10 to 16 kV. The average
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fiber diameters are almost the same (4.5–5.5mm) for

voltages varying from 10 to 14 kV. However, the fibers

are observed to increase to about 8mm when the voltage

increases to 16 kV. This is different from the observation

that the applied voltage does not have a significant impact

on determining the diameter of the electrospun fibers.[54–57]

The applied spinning voltage has a dual effect on the fiber

morphology. From one side, it influences the polymer mass

ejected out of the needle tip. The higher the voltage, the

more polymer solution will be drawn out and this explains

the large diameter. On the other side, too high a voltage will

generate secondary jets,[48] which produce fibers with an

extremely small diameter, Figure 2(d). High voltage can also

induce more charges on the solution surface and fully

stretch the jets, which provide more uniform fibers with

smooth surfaces.[34,58]

Volume Feed-Rate Effect

Figure 3 shows the SEM images of pure PS fibers electrospun

from the polymer solutions with a polymer loading of

20 wt.-% at a fixed applied spinning voltage of 16 kV and tip-

to-collector distance of 15 cm. The volume feed-rate was

varied to investigate its effect on the morphology of the

electrospun fibers. Fibers fabricated from a feed-rate of

15mL �min�1 are found to have a wide range of diameters

and a decreased uniformity. In order to produce uniform

fibers under a fixed voltage, a corresponding volume feed-

rate is required to maintain a stable Taylor cone.[33] In other

words, enough volume of polymer solution should be

drawn out from the tip of the needle to obtain uniform

fibers. Uniform fibers are observed when the feed-rate

increases to 25 and 35mL �min�1. However, 45mL �min�1

brings about bead formation. The average diameter of the

fibers increases slightly from 4, 6 to 7mm as the the flow rate

increases from 15, 25 to 35mL �min�1, respectively. A
Figure 3. SEM images of pure PS fibers at a fixed voltage of 16 kV,
tip-to-collector distance of 15 cm and a feed rate of (a) 15, (b) 25,
(c) 35 and (d) 45mm �min�1, respectively.
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constant average diameter is observed when the flow rate is

above 45mL �min�1.

Tip-to-Collector Distance Effect

Different working distances were used in producing fibers

to evaluate the effect of tip-to-collector distance on the fiber

morphology. Figure 4 shows the SEM images of the pure PS

nanofibers electrospun from a polymer solution of 20 wt.-%

with a working distance of 10 and 15 cm, respectively.

Compared to the fibers electrospun from 10 cm, the fibers

obtained from 15 cm are uniform and have a narrow range

of diameters. This is expected, because a decreased tip-to-

collector distance has the same effect as increasing the

spinning voltage, both of which lead to a strong electric

field. Multiple jets are expected under a strong electric field,

which causes fibers with diverse diameters to be formed.

The number of beads is reported to significantly increase

with a decrease in the tip-to-collector distance.[33,59]

However, no beads are observed in the fibers prepared

from both situations, which is due to the optimum

operational conditions such as polymer concentration in

the solutions, volume flow rate and the used voltages, as

discussed in the above sections.
Morphology of PS/Ni Nanocomposite Fibers

PS/Ni nanocomposite fibers with different Ni nanoparticle

loadings were fabricated. Figure 5 shows the SEM micro-

structures of PS/Ni nanocomposite fibers with different Ni

nanoparticle loadings in a 20 wt.-% PS solution. Due to the

high conductivity of Ni, the solution containing Ni

nanoparticles is sensitive to the applied voltage and
Figure 4. SEM images of pure PS fibers electrospun from 20wt.-%
under different volume feed rates and distances: (a) 10 cm,
15mm �min�1; (b) 15 cm, 15mm �min�1; (c) 10 cm, 35mm �min�1;
(d) 15 cm, 35mm �min�1. Electrospinning operational parameter:
16.0 kV.
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Figure 7. TGA curves of pure polystyrene and PS/Ni nanocompo-
site fibers.

Figure 5. SEM images of PS/Ni nanocomposite fibers with differ-
ent Ni loadings: (a) 1wt.-%, 10 kV, 15 cm, 45mm �min�1; (b) 5wt.-%,
10 kV, 10 cm, 45mm �min�1; (c) 9wt.-%, 13 kV, 15 cm, 25mm �min�1;
(d) 17wt.-%, 14 kV, 15 cm, 30mm �min�1.
working distance, which will intensely influence the

electric field. Compared to the pure PS nanofibers, it is

more difficult to locate a proper operational parameter to

obtain the uniform PS/Ni nanocomposite fibers. In general,

a higher voltage is favorable when the Ni loading increases.

For example, when the Ni nanoparticle loading is 1 wt.-%,

uniform fibers are obtained at a voltage of 10 kV. However,

if the same operational condition is applied for the

preparation of fibers from polymer solutions containing

9 wt.-% Ni nanoparticles, too many droplets are observed at

the tip of the needle. Interestingly, the number of droplets

decreases significantly with an increase of the applied

voltage. With a fixed spinning voltage, it is also critical to

select a proper feed rate. A large volume feed rate is

observed to generate solution jets with a wide range of

angles, which makes fiber collection difficult. On the other

hand, insufficient feed leads to multiple jets, prohibiting the

formation of uniform fibers. In this PS/Ni nanocomposite

system, the 15 cm tip-to-collector working distance is

preferred. A shorter distance, for example 10 cm, from
Figure 6. SEM microstructures of PS/Ni nanocomposite fibers with a
loading of 20wt.-% observed under different accelerating voltages.
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one side strengthens the electric field, which brings about

secondary jets and different sizes of fibers, as in Figure 5(b).

Moreover, due to the short distance, the solvent DMF does

not have enough time to vaporize, which often causes fiber

aggregation or folding.

Figure 6 shows the SEM images of nanocomposite fibers

studied using different SEM accelerating voltages. Both of

the images are filled with the same Ni nanoparticle loading

of 20 wt.-% but with distinctive voltages, 3 and 15 kV,

respectively. Due to the insulating nature of the polymer

matrix, the electrons accumulate in the conductive

nanoparticles with a high applied accelerating voltage.

Consequently, the Ni nanoparticles are legibly shown white

in the 15 kV image.
Thermal Stability

TGA

Figure 7 shows the TGA curves of pure PS fibers and PS/Ni

nanocomposite fibers with different Ni nanoparticle
Ni nanoparticle
loadings. Compared with the pure PS

fibers, the nanocomposite fibers degrade

at a higher temperature and the decom-

position temperature increases with

increasing Ni nanoparticle loading. This

indicates that the presence of Ni nano-

particles stabilizes PS. Many groups have

also reported the stability enhancement

effect of nanomaterials in polymer

hybrid materials.[60–63] Table 1 shows

the onset degradation temperature of the

PS and PS/Ni nanocomposite fibers. The

results indicate that the Ni nanoparticle

loading is not proportional to the onset
www.mcp-journal.de 1779
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Table 1. The onset degradation temperature and 10%mass loss temperature of polystyrene nanocomposites with different Ni nanoparticle
loadings.

Ni loading (wt.-%) 0 1 5 9 17

Onset degradation temperature (8C) 320 340 370 385 390

10% mass loss temperature(8C) 335 355 390 400 400

1780
degradation temperature. For example, the degradation

temperature of the polymer nanocomposite fibers with a

1 wt.-% Ni nanoparticle loading is 20 8C higher than that of

pure PS and is increased by only 15 8C from 5 to 9 wt.-%, but

only 5 8C from 9 to 17 wt.-%. The temperature with a total of

10% mass loss of the PS and PS/Ni nanocomposite fibers is

also shown in Table 1. Though they have a different onset

degradation temperature, the nanocomposite fibers with

9 wt.-% have the same 10% mass loss temperature as that of

the polymer nanocomposite fibers filled with 17 wt.-% Ni

nanoparticle loading. These observations indicate that the

fibers with a 17 wt.-% Ni nanoparticle loading degrade

much faster.

DSC Analysis

Figure 8 shows the DSC thermograms of PS nanocomposite

fibers with different Ni nanoparticle loadings, based on

which the effects of the incorporated Ni nanoparticles on

the polystyrene matrix can be explored from the aspects of

both glass transition temperature (Tg) and melting

temperature (Tm). The addition of Ni nanoparticles in the

polystyrene matrix is observed to have no impact on the Tg

(101 8C) of polystyrene, see Figure 8. This is consistent with

observations of polyurethane (PU) nanocomposites filled

with benzidine/montmorillonite (BZD-MMT),[64] in which

theTg of PU is always in the range of�58 and�59 8C, even in
Figure 8. DSC thermograms of PS/Ni nanocomposite fibers with
different Ni loadings.
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nanocomposites with a particle loading up to 5 wt.-%.

However, the opposite phenomena has also been observed.

Wang et al. reported an increased of 5 8C in the Tg for PS/

montmorillonite (MMT) nanocomposites with a MMT

loading of 30 wt.-%, prepared by emulsion polymerization,

compared to that of pure PS.[65] In addition, an improved Tg

was observed in poly(vinyl alcohol) (PVA) nanocomposites

filled with silver nanoparticles by Mbhele et al.[66] and in

polystyrene nanocomposites filled with montmorillonite

by Uthirakumar et al.[67] Both the confined polymer chains

between the layers of fillers and the restricted segmental

motions at the organic-inorganic interface are responsible

for the increased Tg.
[67] A much larger improvement (13 8C)

of Tg is observed in poly(methyl methacrylate) (PMMA)

nanocomposites filled with an iron oxide nanoparticle

loading of 2 wt.-% than that (2 8C) in polystyrene nano-

composites filled with an iron oxide nanoparticle loading of

6 wt.-% by Dallas et al.[8] This is due to the huge pendant

group difference in the backbone chains of the two

polymers. In view of the chemical structure, there is a long

flexible side group (methyl formate) in PMMA, while there

is a rigid side group (phenyl) in PS. It is likely that the flexible

group would be more susceptible to the incorporated

nanoparticles than the rigid one. In other words, compared

to those polymers with flexible side groups, polystyrene

with rigid side groups (benzene ring) is more inertia

(chemical inertness) to the nanoparticles.

With a Ni nanoparticle loading of 1 and 9 wt.-%, the

melting temperatures of nanocomposites are about 5 and

15 8C higher than that (207 8C) of the pristine polystyrene,

respectively. This is due to the retarded mobility of the

polystyrene chains surrounded by Ni nanoparticles and a

subsequently higher temperature is needed to move the

whole long polymer chains.
FT-IR Spectra

Figure 9 shows the FT-IR spectra of the pure PS and PS/Ni

nanocomposite fibers. The peaks at 696, 754, 1 028, 1 452, 1

493, 1 600, 2 850, 2 920 and 3 025 cm�1 are the characteristic

styrene absorption.[68] The absorption peaks with different

strengths of around 2 360 cm�1 are attributed to the

adsorbed CO2 from the air. Compared to the spectra of pure

PS, no new absorption peaks are observed in the composite

samples in Figure 9. This indicates that the Ni nanoparticles

are only physically blended with the PS matrix without any
DOI: 10.1002/macp.201000153
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Figure 9. FT-IR spectra of pure PS and PS/Ni nanocomposite fibers.
Figure 10. Room temperature hysteresis loops of PS/Ni nanocom-
posite fibers with a particle loading of (a) 17, (b) 9, (c) 5 and (d)
1wt.-%, respectively; inset shows pure NPs.
obvious chemical bonds, which is consistent with the

results on PDMS-Ni2þY zeolite nanocomposites.[69]
Magnetic Properties

Figure 10 shows the room-temperature magnetic hyster-

esis loops of the prepared nanocomposites and as-received

pure nanoparticles. The saturation magnetization (Ms) is

observed to increase with increasing nickel nanoparticle

loading. In addition, the magnetization is observed to

saturate more quickly in the polymer nanocomposite fibers

with a lower nanoparticle loading. For example, the

polymer nanocomposite fibers with a loading of 1 wt.-%

saturate at a field of 3.5 kOe and the field required to

saturate the polymer nanocomposite fibers with a nano-

particle loading of 5% increases to 10 kOe. However, the

field required to saturate the magnetization of the 9 wt.-%

sample is very large and beyond the limit of the

measurement. An infinitesimal coercivity and remnant

magnetization are observed in all the samples, which are

different from the observed larger coercivity in the iron

oxide nanoparticles in polyacrylonitrile nanocomposites

fibers[33] and iron nanoparticles in polyurethane[70] and

polyacrylonitrile matrix.[71] This difference indicates a

superparamagnetic behavior of the nanoparticles disregard

of the presence status in the polymer matrix and larger non-

magnetic spacer distance does not always lead to a

magnetically harder material.

For the polymer nanocomposites with higher particle

loadings, Ms is obtained by direct reading from the graph.

For the polymer nanocomposites and pure nanoparticles,

Ms is calculated from the intercept of magnetization vs H�1

at high field.[25,72] The saturation magnetization of the as-

received pure Ni nanoparticles is about 14.3 emu � g�1,

Figure 10, which is much lower than the reported saturation
Macromol. Chem. Phys. 2010, 211, 1775–1783
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magnetization of 58.57 emu � g�1 for the bulk nickel.[73] The

lower Ms is due to oxidation of the nickel nanoparticles.

Considering the saturation magnetization of bulk nickel

and bulk nickel oxide (NiO) (1.2 emu � g�1[74]), the weight

percent of Ni in the nanoparticles is calculated to be 24.4%.

Considering the provided average nanoparticle size of

20 nm (R1 ¼ 10 nm), the core and shell size of the

nanoparticles can be deduced from Equation (1) based on

the reported bulk density of Ni (8.9 g � cm�3) and NiO

(6.67 g � cm�3):
4

3
pR3

2rNi

4

3
p ðR3

1 � R3
2ÞrNiO

¼ CNi

CNiO
(1)
where CNi and CNiO are the concentrations of Ni and NiO

in wt.-%, respectively. The core (R2) is estimated to be

6.0 nm. The obtained Ms for the Ni/PS nanocomposites

with nanoparticle loadings of 1, 5, 9 and 17 wt.-% is 0.08,

0.51, 0.87 and 1.52 emu � g�1, respectively. These values are

much lower than the expected values (0.14, 0.72, 1.29 and

2.43 emu � g�1) for the nanocomposites with specific

nanoparticle loadings, which is due to the further

oxidation of the Ni metallic nanoparticles during the

extremely high voltage electrospinning process operated

in the ambient condition.
Conclusion

Both pure PS and PS/Ni nanocomposite fibers have been

manufactured using the electrospinning method. Through
www.mcp-journal.de 1781
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optimizing the operational conditions, such as polymer

concentration, spinning voltage, volume feed rate and tip-

to-collector distance, bead-free and uniform fibers with

smooth surfaces and certain diameters were obtained. Ni

nanoparticles were uniformly dispersed in the polystyrene

matrix, which was proven by SEM observation of the

nanocomposite fibers. TGA showed that the polymer

matrix was thermally stabilized by the existence of

nanoparticles. DSC analysis indicated that the glass

transition temperature of polystyrene was insensitive to

nickel nanoparticles, whereas the melting temperature was

slightly increased. In the nanocomposites, the polymer

matrix and Ni nanoparticles were physically blended

without any chemical crosslinking, which was attested

to by the FT-IR analysis. The nanoparticles still maintained

the superparamagnetic behavior even after their dispersion

in the polymer matrix and further oxidation was indicated

during the high voltage electrospinning process. The field

required to saturate the magnetization of the nanoparticles

was significantly reduced after the nanoparticles were

dispersed in the polymer fibers.
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