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ABSTRACT: This contribution mainly studied the preparation of hyperbranched polyethylene (HBPE) fibers and HBPE/multiwalled

carbon nanotube (MWCNT) composite fibers via electrospinning for the first time. Firstly, the effects of solvents, solution concentra-

tion, voltage, and rotating speed of collector on the morphology of HBPE fibers were studied. Among the factors, solvent type, con-

centration, and voltage showed notable influence on the morphology of HBPE fibers. HBPE has an excellent dispersion effect on

CNT in organic solvents. Through ultrasonic dispersion, the HBPE solutions with dispersed MWCNT were obtained. Then HBPE/

MWCNT composite fibers were obtained with different contents of MWCNT via electrospinning. The effects of voltage and working

distance on the morphology of HBPE/MWCNT composite fibers were investigated. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015,

132, 42517.
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INTRODUCTION

Polymer fibers have potential applications in a variety of fields

including filtration devices, vascular grafts, solar cells, etc.1 Con-

ventional methods to prepare polyethylene (PE) fibers involved

melt extrusion,2 gel spinning technology,3 etc. Mackay and

coworkers4 reported the preparation of polyethylene fibers via

melt extrusion using hyperbranched polymers as processing aid.

Influences of the processing aid on the rheological properties and

fiber surfaces were studied. However, how to efficiently prepare

nanofibers/microfibers is still a challenge for the conventional

methods. Electrospinning is famous as a continuous, effective,

and versatile method to prepare polymeric fibers. Abundant poly-

meric fibers have been obtained with diameters ranging from

nanometers to micrometers.5–16 Though significant progress has

been made in the preparation of polymeric fibers via electrospin-

ning, only a few of works involved the preparation of polyethylene

fibers due to the insolubility of traditional polyethylene at room

temperature.3,17,18

Larrondo and Manley2,19,20 made creative work on the prepara-

tion of polyethylene and polypropylene fibers via electrospin-

ning. The influences of various experimental parameters on the

width of fibers, the morphology, and the flow field in an electri-

cally driven jet were investigated. The electrospun fibers need to

be washed with xylene to remove xylene that acted as the sol-

vent, which is a complication in the production process. Chase

and coworkers21 studied the preparation of linear low density

polyethylene (LLDPE) fibers via electrospinning using p-xylene

that has a higher volatility as the solvent. The obtained fibers

possess diameters of 2–7 lm and roughened surfaces. Zussman

and coworkers3 reported the electrospinning of ultrahigh-

molecular-weight polyethylene (UHMWPE) solution with p-

xylene and cyclohexanone as the mixed solvent. It was found

that solvent composition and concentration has notable influen-

ces on the morphology of fibers.

In the previous work, electrospinning processes of PE were per-

formed at high temperatures (>100oC) due to the poor solubil-

ity. Hyperbranched polyethylene (HBPE) prepared by Ni-based

and Pd-based catalysts possess high branching degree. As a

result, HBPE shows an excellent solubility in organic solvent

[e.g., tetrahydrofuran (THF) and chloroform] together with

excellent film-forming ability even at room temperature. Hence,

HBPE is fairly proper to be used in electrospinning to prepare

HBPE fibers. However, preparation of HBPE fibers via solution

electrospinning at room temperature has not been reported.

Furthermore, carbon nanotube (CNT) has become a novel gen-

eration of filler to prepare polymeric composites due to its
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outstanding properties. CNT could impart many excellent prop-

erties to the polymeric composites, including enhanced mechan-

ical properties, thermal conductivity, electrical conductivity,

rheological property, etc.22–25 Composite fibers containing CNT

have also been obtained via electrospinning, including polysty-

rene/CNT fibers,26,27 polycarbonate/CNT fibers,28 etc.

Researches by Ye and coworkers29 and Kontopoulou and

coworkers.30 indicated that HBPE has an excellent dispersion

ability for CNT in solution. It is reasonable to infer that HBPE/

CNT composite fibers could be obtained via electrospinning of

HBPE/CNT solution.

This contribution explored the preparation of HBPE fibers and

HBPE/multiwalled carbon nanotube (MWCNT) composite

Figure 1. 1H nuclear magnetic resonance (NMR) spectrum of HBPE sam-

ple [CDCl3, 400 MHz, room temperature, a: 0.83 ppm (CH3); b: 1.07

ppm (CH); c: 1.25 ppm (CH2); d: 7.26 ppm (CHCl3)]. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

Table I. Electrospinning of HBPE Solutions Under Different Conditionsa

Run Solvent
Voltage
(kV)

Speed
(mm/min)

Feed rate
(mL/h)

Temperature
(oC)

Average
diameters (lm)

1b p-Xylene 7–15 0.20 0.76 50 251

2 THF 7–8 0.15–0.20 0.57–0.76 35 2.8

3 CHCl3 7–10 0.15 0.57 35 7.0

4 THF 9 0.20 0.76 35 2.8

5 THF 12 0.20 0.76 35 3.2

6 THF 15 0.75 2.86 35 3.1

a Other conditions: 5 mL solvent; concentration of HBPE: 5 wt %; 15 cm working distance; 2 mL of disposable syringes with a inner diameter of
9.0 mm.
b 9 mg of cetyltrimethylammonium bromide (CTAB) was added after PE dissolving in p-xylene and heating for another 15 min.

Figure 2. SEM images of PE fibers prepared via electrospinning in different solvents as summarized in Table I (A: Run 1, p-xylene; B: Run 2, THF; C:

Run 3, CHCl3). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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fibers via electrospinning. To the best of our knowledge, this is

the first time to prepare HBPE fibers via electrospinning.

EXPERIMENTAL

Materials

HBPE was prepared from ethylene polymerization catalyzed by

a-diimine Ni complex/MAO according to the previous

reports.31,32 The structure data of HBPE are: Mn 5 6.05 3 104

g/mol, PDI 5 1.93, branching degree 5 111.3 branches/1000 car-

bons [calculated from 1H NMR spectrum (Figure 1) using Eq

.(1)], Tg 5 -62.7oC. THF (e 5 7.58), chloroform (e 5 4.81), p-

xylene (e 5 2.3), and cetyltrimethylammonium bromide (CTAB)

(added to improve the conductivity of polymer solution) were

provided by Sinopharm Chemical Reagent Co., Ltd and used as

received. MWCNT with diameter of 10–30 nm was provided by

Bill Technology Development Co., Ltd in Shenzhen and used as

received.

Branching degree5
CH3 integral

Total integral
3

2

3
31000 (1)

Branching degree: branches per 1000 carbons; CH3 integral:

integral of resonance peak of H in CH3; Total integral: integral

of resonance peak of all H.

Preparation of HBPE Solutions for Electrospinning

Typical process: 0.234 g HBPE was weighted and added into a

round-bottom flask containing 5 mL of THF (q 5 0.889 g/mL).

Figure 3. SEM images of PE fibers prepared via electrospinning in THF at �35oC under different voltages (D: 9 kV; E: 12 kV; F: 15 kV). [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table II. Electrospinning of HBPE Solutions with Different Concentrationsa

Run
THF
(mL)

HBPE
(mg)

HBPE
(wt %) Voltage (kV)

Rotate
speed (m/min)

Time
(min)

1 4.0 0.1108 3% 9 2 25

2 4.0 0.1108 3% 9 4 25

3 4.0 0.1108 3% 9 8 25

4 4.0 0.1108 3% 9 16 25

5 4.0 0.1484 4% 9 2 20

6 4.0 0.1484 4% 9 4 20

7 4.0 0.1484 4% 9 8 20

8 4.0 0.1877 5% 9 2 20

9 4.0 0.1877 5% 9 4 20

10 4.0 0.1877 5% 9 8 20

a Working distance 5 15 cm, 25oC, speed 5 0.25 mm/min, feed rate 5 0.95 mL/h, electrospinning for 20–25 min.
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After refluxing for 2 h under stirring condition, HBPE was dis-

solved completely in THF to provide polymer solution with a

weight percentage of 5%.

Preparation of HBPE/MWCNT Solution for Electrospinning

Typical process: HBPE and MWCNT with a weight ratio of 10 :

1 were added into a flask equipped with magnetic stirrer. After

Figure 4. SEM images of PE fibers prepared via electrospinning of PE solution in THF with a concentration of 3 wt % at different rotating speeds of

collector. (A: 2 m/min; B: 4 m/min; C: 8 m/min; D: 16 m/min). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

Figure 5. SEM images of PE fibers prepared via electrospinning of PE solution in THF with a concentration of 4 wt % at different rotating speeds of

collector (E: 2 m/min; F: 4 m/min; G: 8 m/min). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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adding certain amount of THF, the HBPE was dissolved by

refluxing under stirring condition for 1 h. Then the mixture

was treated with ultrasonic dispersion for 1 h. Then the rest

HBPE was added into the flask as demanded in Table V. The

mixtures were refluxed for another 2 h and treated with ultra-

sonic dispersion for 1 h. After cooling to room temperature, the

solution was taken for eletrospinning.

Electrospinning of HBPE or HBPE/MWCNT Solutions

All electrospinning works were performed on Electrospinning

Equipment SS-2534 (Beijing Ucalery technology development

co., LTD). The anode of high-voltage power supply was con-

nected to the metal needle anchored on syringe containing

polymer solution and the cathode was connected to the collec-

tor. To ensure the fibers arriving at the collector, the cathode

voltage was set at 22 kV. After setting the feed rate, rotate

speed of collector and working voltage, starting the syringe

pump to begin electrospinning. After a period, turn off the

power and syringe pump to end the electrospinning.

SEM Characterization of HBPE or HBPE/MWCNT Fibers

Scanning electron microscopy (SEM) images of the fibers were

recorded on Ultra 55 SEM equipment (CorlzeisD, Germany).

The samples for SEM observation were prepared as following: a

small piece of aluminium foil covered with dense HBPE fibers

was pasted onto copper holder through conductive adhesive.

The average diameters of fibers were measured by software

Nano Measurer.

RESULTS AND DISCUSSION

This contribution explored the possibility of preparation of

HBPE fibers via electrospinning. Then using the dispersion

effect of HBPE on MWCNT in solvents, HBPE/MWCNT fibers

were obtained via electrospinning of HBPE/MWCNT solutions.

Effects of Solvent Type and Voltage on HBPE Fiber

Morphology

The effects of solvent type and voltage which are two important

influencing factors in electrospinning on the fiber morphology

Figure 6. SEM images of PE fibers prepared via electrospinning of PE solution in THF with a concentration of 5 wt % at different rotating speeds of

collector. (H: 2 m/min; I: 4 m/min; J: 8 m/min). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table III. Electrospinning of HBPE Solutions for Different Timesa

Run Solvent
Concentration
(wt %) Voltage (kV)

Working
distanceb (cm)

Rotate
speed (m/min)

Feed
ratec (mL/h)

Time
(min)

1 THF 4% 9 15 4 0.95 10

2 THF 4% 9 15 4 0.95 20

3 THF 4% 9 15 4 0.95 30

a Other conditions: 25oC, 2 mL of disposable syringe (inner diameter �9.0 mm).
b The vertical distance from needle to the collector.
c Calculated from the advancing speed of syringe pump and the inner diameter of syringe.
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were firstly investigated. The detailed eletrospinning conditions

were summarized in Table I.

SEM images of HBPE fibers prepared by electrospinning with

different solvents were collected in Figure 2. It could be found

that the solvent type has a significant influence on HBPE fiber

morphology. In case of p-xylene, no fibers were formed in the

voltage range of 7–15 kV at 50oC. HBPE solution arrived at the

aluminium foil (covered around the collector) in form of small

droplets. SEM image approved that the electrospinning product

was formed from droplets of polymer solution. The size of the

droplet is dependent on the voltage. The ejection of droplets

indicated the medium conductivity of solution containing

CTAB. HBPE fibers could not be formed in electrospinning due

to two aspects: (1) low viscosity of HBPE solution and (2) low

conductivity providing lower electrostatic repulsion than surface

tension.

HBPE/THF solution could form HBPE fibers via electrospin-

ning at 7 kV through the solution solidified easily at the end

the spinning jet. When electrospinning was performed at 8 kV,

solution solidification did not appear and a stable spinning pro-

cess was obtained. From Figure 2(B and B0), branched HBPE

fibers were obtained with semicircular cross sections due to the

viscous property of HBPE. The fibers had a relatively uniform

diameter of 1–3 lm. Using chloroform as solvent, fibers with a

larger diameter (3–8 lm) than the other cases were obtained at

the same HBPE weight concentration. This is because chloro-

form has a higher density (1.49 g/mL) than THF (0.89 g/mL)

which results in much more HBPE contained in the same vol-

ume of chloroform. At 5 wt % concentration, the viscosity of

HBPE/chloroform solution is larger than that of HBPE/THF

solution. Another feature of HBPE fibers from HBPE/chloro-

form solution is the enhanced tortuose morphology which

could be attributed to the higher solution viscosity.

Figure 7. SEM images of PE fibers prepared via electrospinning of PE/THF solution of 4 wt % for different times (A: 10 min; B: 20 min; C: 30 min).

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table IV. Electrospinning of HBPE/MWCNT Solutions of 1.9 wt %a

Run THF (mL)
HBPE
(mg)

MWCNT
(mg)

Voltage
(kV)

Working
distance (cm)

Speed
(mm/min)

Feed
rate (mL/h)

1A 3.0 50.6 1.0 9 15 0.25 0.95

1B 3.0 50.6 1.0 15 25 0.25 0.95

1C 3.0 50.6 1.0 21 35 0.25 0.95

2 3.0 50.4 2.1 / / / /

3B 3.0 50.4 3.5 9 15 0.20 0.76

a Other conditions: 24oC, 2 mL of disposable syringes with a inner diameter of 9.0 mm, inner diameter of needle (21G) 5 0.5 mm, linear speed of cylin-
drical collector 5 4 m/s.
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Figure 3 showed the SEM images of HBPE fibers obtained at

different voltages. At 9 kV, electrospinning products mainly con-

tain crosslinked or branched fibers and a few of beaded HBPE.

At 12 kV, distinctively tortuose HBPE fibers were obtained with

a diameter of 1–4 lm. When voltage increased to 15 kV, the

spinning speed increased and the feed rate was increased to

keep the spinning processing smoothly. More thin fibers were

obtained under the eletrospinning conditions. However, obvious

agglomeration appeared in HBPE fibers, which is due to the

high feed rate and more solvent which could not vaporize com-

pletely before arriving at the collector.16

The effect of voltage on the diameter of fibers is attributed to

the increase of electrostatic repulsion on the fibers. Also the

higher voltage will cause stronger electrostatic interaction which

results in the increase of tortuosity of HBPE fibers.16

Effects of Solution Concentration and Rotating Speed of

Collector on HBPE Fiber Morphology

In this section, the effects of solution concentration and rotating

speed of collector on the fiber morphology were discussed. Sol-

utions with a concentration of 3 wt %, 4 wt %, and 5 wt %

were electrospun at different rotating speeds of collector as

summarized in Table II.

SEM images of electrospun fibers from HBPE solution of 3 wt %

were collected in Figure 4. The prepared fibers contain thick fibers

(diameter of 2–3 lm) and thin fibers (diameter <1 lm). At low

rotating rates of collector (2 and 4 m/min), the thick fibers are

short and connected by many thin fibers. With the increase of

rotating rate, the fraction of thick fibers increased. No obvious

difference was observed at varying rotating rates of collector.

Figure 8. Photo pictures of PE/MWCNT suspensions in THF with different

compositions as summarized in Tables IV and Table V. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 9. Photo picture of electrospinning of MWCNT/HBPE/THF solu-

tion under the conditions of Run 1A in Table IV. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 10. SEM images of PE fibers prepared via electrospinning of HBPE/MWCNT/THF solutions (HBPE/MWCNT 5 50 : 1) under different conditions

as shown in Table IV (1A and 1A0: 9 kV, 15 cm; 1B and 1B0: 15 kV, 25 cm). [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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From Figure 5, branched HBPE fibers were obtained with a

diameter of 1–4 lm via eletrospinning of solution containing 4

wt % of HBPE at different rotating speeds. The fibers showed

distinctive meshy morphology. In addition, also some thick

fibers with a breadth of 6–10 lm were formed via agglomera-

tion of thin fibers.

At a rotating speed of 2 m/min, net-like fibers were obtained

with a relatively regular arrangement, indicating the deposition

of fibers has an orientation on the collector. Fibers obtained at

4 m/min for collector rotating have a reduced orientation

degree. When rotating speed increased to 8 m/min, tanglesome

fibers were obtained. The results indicated that low rotating

speed of collector makes for the preparation of orientated

fibers.

Figure 6 showed the HBPE fibers obtained from electrospinning

of the solution with 5 wt % of HBPE. Different with the

products from solution with 4 wt % HBPE, tanglesome HBPE

fibers were obtained at a rotating speed of 2 m/min. At higher

rotating speeds, more tortuose HBPE fibers were obtained. An

enhanced agglomeration of fibers was observed at a rotating

speed of 8 m/min.

The results manifested that the concentration has significant

influences on the morphology of electrospun HBPE fibers. Only

when the concentration of solution is equal to or above 4 wt %,

long fibers could be obtained. Solider fibers and narrower depo-

sition width can be obtained from the electrospinning of solu-

tion with higher concentration. However, high concentration is

adverse to prepare orientated fibers.

Effects of Electrospinning Time on HBPE Fiber Morphology

Agglomeration tends to occur between the contiguous HBPE

fibers due to its unique viscosity property. Electrospinning time

has direct influence on the fiber density. The effect of

Table V. Electrospinning of HBPE/MWCNT Solutions at Room Temperaturea

Run
THF
(mL)

HBPE
(mg)

MWCNT
(mg)

Voltage
(kV)

Working
distance (cm)

Feed
rate (mL/h)

Average
diameters (lm)

4A 3.0 100.2 1.0 9 15 0.76 3.7

4B 3.0 100.2 1.0 12 20 0.76 1.9

4C 3.0 100.2 1.0 15 25 0.76 2.5

5A 3.0 100.1 2.2 9 15 0.76 3.4

5B 3.0 100.1 2.2 12 15 0.76 2.7

5C 3.0 100.1 2.2 15 15 0.95 2.2

a Other conditions: room temperature, inner diameter of needle (21G) 5 0.5 mm, 2 mL of disposable syringes with a inner diameter of 9.0 mm,linear
speed of cylindrical receptor 5 4 m/s.

Figure 11. SEM images of PE fibers prepared via electrospinning of HBPE/MWCNT/THF solution under different conditions (4A: 9 kV, 15 cm; 4B: 12

kV, 20 cm; 4C: 15 kV, 25 cm). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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electrospinning time on fiber morphology was investigated for

two solutions with different concentrations. The detailed condi-

tions were summarized in Table III. The SEM images of fibers

were shown in Figure 7.

For the solution of 4 wt %, 10 min of electrospinning provided

fibers with a uniform diameter of 1–3 lm. Meanwhile, a few of

fiber agglomerations exists. Increasing electrospinning time, the

fiber density together with fiber agglomeration increased. Also,

the fibers showed an orientation.

Preparation of HBPE/MWCNT Composite Fibers

The previous report29 indicated that MWCNT solubility in

HBPE/THF solution would increase with the HBPE/MWCNT

ratio. At HBPE/MWCNT 5 10 : 1, the solubility reached a max-

imum of 920 mg/L. To make sure the completely soluble of

HBPE and MWCNT, solutions with low HBPE concentration

(50 mg HBPE in 3 mL THF) were prepared with HBPE/

MWCNT of 50 : 1, 25 : 1, and 15 : 1, as summarized in Table

IV. The solutions as shown in Figure 8(A, B) showed a uniform

color and no precipitation occurred after settling for 2 h, indi-

cating the excellent solubility of MWCNT in the solutions.

The solutions were used for electrospinning under the condi-

tions as summarized in Table IV. Figure 9 showed the stable

and continuous electrospinning process of Run 1A in Table IV

and a large quantity of fibers were obtained. The SEM images

of the prepared fibers were collected in Figure 10.

Only short fibers were prepared together with many agglomera-

tions for sample 1A. This is because the concentration (1.9 wt

%) and subsequent viscosity of solution are too low to form

long fibers. Electrospinning with a longer working distance

(between the spinneret and collector) produced short fibers

with fewer agglomerations. Higher MWCNT content also

reduced the fiber agglomerations. The effect of MWCNT might

come from its conductivity, which increased the conductivity of

the solution.

Figure 12. SEM images of PE/MWCNT fibers prepared via electrospinning of HBPE/MWCNT/THF solution with HBPE/MWCNT 5 50 : 1 under differ-

ent voltages (5A, 5A0: 9 kV; 5B, 5B0: 12 kV; 5C, 5C0: 15 kV). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]
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To get “real” HBPE/MWCNT fibers with larger length, solutions

with higher HBPE concentration (3.6 wt %) were prepared and

used for electrospinning under the conditions in Table V. The

solutions with a stable MWCNT dispersion were obtained, indi-

cated by the absence of precipitation after settling for 10 h [Fig-

ure 8(c)].

Firstly, the effect of working distance at a constant electric

intensity on the fiber morphology was studied for the electro-

spinning of solution 4. The SEM images of electrospinning

results were collected in Figure 11. Dense fibers which formed a

fibrous membrane were obtained with apparent agglomerations

for Run 4A (9 kV, 15 cm). The single fibers have a diameter of

1–3 lm. For Run 4B (12 kV, 20 cm), the prepared fibers have a

tortile morphology and no apparent agglomeration was

observed. The fibers obtained from Run 4C (15 kV, 25 cm)

show a similar morphology to that from Run 4B. This is

because it takes longer time for fibers to arrive the collector. As

a result, the electrostatic repulsion acts at the fibers for longer

time, which facilitates the formation of thin fibers. Though

MWCNT is not visible in the fibers, the fibers should contain

MWCNT since they were obtained from stable solution contain-

ing MWCNT.

The electrospinning of solution with HBPE/MWCNT 5 50 : 1

was performed at different voltages. The SEM images of

obtained fibers were shown in Figure 12. At three voltages,

crosslinked fibers were obtained with visible black spots on the

surface. Since the fibers were obtained from solution containing

considerable MWCNT, it is reasonable to regard the black spots

as the accumulation areas of MWCNT. Fibers obtained at 9 kV

have large and dark colored spots with distinct boundaries.

With the increase of voltage, the color of spots became lighter,

implying that the voltage has an effect on the dispersion of

MWCNT in the composite fibers.

The voltage also showed a notable influence on the fiber mor-

phology. Fibers obtained at 9 kV showed certain orientation

which was not observed for the fibers prepared at 12 kV and 15

kV. Fewer agglomerations were formed for fibers obtained at 15

kV than those at 9 kV and 12 kV. This is because higher voltage

results in stronger electrostatic repulsion on the surface. Also

high-voltage facilitates the vaporization of solvent and relatively

dry fibers could be formed to avoid agglomeration.

CONCLUSIONS

Electrospinning of HBPE solutions to prepare HBPE fibers was

reported for the first time. Branched or crosslinked HBPE fibers

and HBPE/MWCNT composite fibers were prepared successfully

via electrospinning. The effects of solvent type, solution concen-

tration, voltage, working distance on the morphologies of

HBPE, and HBPE/MWCNT fibers were investigated.

THF and chloroform are suitable solvents to prepare HBPE sol-

utions for electrospinning. HBPE fibers were obtained from

both of HBPE/THF solution and HBPE/chloroform solution via

electrospinning, respectively. Voltage showed notable influences

on the diameter and tortuosity of fibers. High voltage facilitates

the formation of thin and tortuose fibers. The HBPE/THF solu-

tion only with a high concentration (�4 wt %) could provide

long fibers via eletrospinning. High voltage and high rotating

speed of collector are adverse to produce fibers with orientation.

Electrospinning for longer time produced fibers with more

agglomerations.

Also, HBPE/MWCNT composite fibers were prepared from sol-

utions (100 mg HBPE in 3 mL THF) containing MWCNT via

electrospinning. The dark spots on the fiber surfaces implied

the uneven distribution of MWCNT in the fibers. Higher volt-

age makes for the uniform dispersion of MWCNT in the pre-

pared fibers.
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