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Abstract — Nanofibers have a large potential in air filtration
applications, so this paper explores the performance of
electrospun nanofiber membrane compared to traditional
filtration fabrics. Poly (ethylene oxide) (PEO) and Polyvinyl
Alcohol (PVA) were electrospun into nanofibrous membranes
and analyzed their filtration attributes. Experimentation
revealed that nanofibrous membranes have higher filtration
efficiency than traditional filtration fabrics, such as meltblown
and needle filtration material. In addition, Nanofibrous
membranes under the same electrospinning process but with
different materials had similar high filtration efficiency, while
their permeability had obvious difference. We suggest that
different structure in the nanofiber membrane should cause this
difference. Our work proves that there is a large potential for
nanofiber membranes to utilize in air filtration area.
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I INTRODUCTION

Electrospinning has gained much attention in the last
decade not only due to its versatility in spinning a wide variety
of polymeric fibers but also due to its consistency in producing
fibers in the submicron range[1]. To date, a large number of
polymers have been successfully electrospun [1] and immense
research has been carried out to gain in depth understanding of
the process for better control of fiber formation [2—6]. Now,
more and more potential applications of electrospun fibers have
also been realized such as, protective textiles [7-8], high-
performance air filters [9], advanced composites [10-12],
sensors [13,14], wound dressing [15,16] and as scaffolds in
tissue engineering [17-21] and more recently as membranes in
affinity separation [22].

In a lot of commercial air filtration applications, polymeric
nanofiber has a large of potential value, because small fibers in
the submicron range, compared with large ones, are well
known to provide better filter efficiency at the same pressure
drop in the interception and inertial impaction regimes [23].
Thus electrospun nanofibrous membranes possess several
attractive attributes of separation, such as high porosity, pore
sizes ranging from tens of nanometer to several micrometers,
interconnected open pore structure, high permeability for gases
and high surface area per unit volume. In particular, they have
been highly successful in developing high-performance air
filters. In fact, it was in air filters that electrospinning saw its
first commercialized application [24, 25, and 26].

In this paper, PVA and PEO will be used to electrospinning
and form membrane for air filtration applications. We try to
compare the nanofibrous membranes with traditional filtration
material and find their advantages. At the same time, we will
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compare performances of different nanofiber membranes and
discuss the effect of nanofiber configuration for filtration
performances.

II.  EXPERIMENTS

A.  Materials and Process

PEO (Tianjin, Da Di Fine chemical Engineering Co.,
300,000g/mol) was mixed with water and ethanol (V/V:
50%/50%) and its concentration was 19 wt%. The solution was
prepared by stirring at room temperature for 25 minutes. A
syringe pump was utilized to supply a constant flow of 100ul/h
polymer solution during electrospinning. The distance between
needle and collector was 8cm. The voltage of 8 kV was applied
to draw the nanofibers from the prepared solution.

Figure 1 and Figure 2 show such process and related
machines. Now, scanning electron micrographs (SEMS) are
generally used to characterize electrospun nanofibers, so the
configuration of PEO nanofibrous membrane can be seen with
it as in figure 3. At the same time, we can get some important
information of PEO nanofibrous membrane from Table I . The
average fiber diameter of PVA nanofibrous membrane is
200nm, and picture statistic calculation shows the detected pore
size is 1~10pum. The membrane thickness is 350pm.

Syninge
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Power Supply

Figure 1. Electrospinning process and related machines.

Figure 2. Electrospinning process and related machines
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Figure 3. Configuration of PEO nanofibrous membrane
TABLE L. PROCESS CONDITIONS AND PEO MEMBRANE PROPERTIES
Conditions Membra}ne
properties
Polymer . 19wi% A_verage fiber 200nm
concentration diameter
Spinneret inside Membrane
diameter 232um thickness 350um
g}p-collector 8 om Detected pore | | Oum
istance size
Alr pressure 101.3 kPa
Flow-rate 100ul/h
Humidity 75%

The commercial PVA was purchased from Guang Zhou
South Hua Bo Co., and the number of average molecular
weight of PVA is 118000. PVA was mixed with water and
stirred at 80°C for 1h in order to get well-proportioned solution.
Its concentration was 9wt%, and the flow rate of the solution is
set as 200ul/h by means of syringe pump. The distance
between needle tip and collector was 15c¢m, and the nanofiber
was drawn from the prepared solution with a voltage of 15KV.
We can see the configuration of PVA nanofibrous membrane
from figure 4 and get related data from Table II. The average
fiber diameter of PVA nanofibrous membrane is 500nm, and
the detected pore size is 0.5~8um. The membrane thickness is
400um.
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Figure 4. Configuration of PVA nanofibrous membrane

TABLE II. PROCESS CONDITIONS AND PVA MEMBRANE PROPERTIES
Conditions Membrafne
properties
Polymer _ Owi% Average fiber 500nm
concentration diameter
Spinneret inside Membrane
diameter 232um thickness 400um
g}p-collector 15 cm Detected pore | 5-8um
istance size
Air pressure 101.3 KPa
Flow-rate 200ul/h
Humidity 75%

B. Filtration Test

Here, a test system which is designed to compare the
filtration performances of membranes as we can see from
figure 5. The test system is composed of anterior air filter,
vent-pipe, pressure test sensors, flow meter, system blower, air
collector and analysis instrument. At first, nanofibrous
membranes are weighted with high precise balance (Mettler-
Toledo Co., AB-135S, 31g/0.0lmg), then, mount the
membrane with 10cm diameter into the test system. Secondly,
the blower works, natural air is sucked into the test system,
only the particle with diameter smaller than 10pum in the air can
go through the PM10-100 particulate air filter, afterward
natural air sample which has gone through air filter is collected
and analyzed, and then air sample will penetrate the
nanofibrous filtration membrane. After testing, nanofibrous
membrane will be weighted by the high precise balance. Some
changes will be found between twice weights. We can also
analyze the changes of configuration with SEMS and get some
particle sample for further study.

Pressure

Test
PM10~100
Natural Pilll'ﬁtkllale
Air Air Filter

— T b

Sample

System Blower

Air Collector and
Analyse

Figure 5. The schematic diagram of the test system setup

III. RESULTS AND DISCUSSIONS

The two filtration membrane samples of PEO and PVA are
tested under the same condition. At that time, temperature was
14.1°C, and humidity was 50%. The particle concentration of
the test air was 0.07mg/m3. Figure 8 shows particle size
distribution of the test air. The diameter of test nanofibrous
membranes was 10cm. Other related data can be seen from
Table III. Figure 6 and Figure 7 show the tested nanofibrous
membrane samples respectively.
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Figure 6. The tested PEO nanofibrous membrane

Figure 7. The tested PVA nanofibrous membrane
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Figure 8. Particle size distribution

From Tab 3 we can see, the thickness of two samples is
similar. The thickness of PEO membrane is 350pm, and PVA
membrane is 400pum. Through analyzing statistics data of
detected pore size and related calculation, we find that the
distribution of the detected pore size of PEO membrane is
1~10um, and that of PVA membrane is 0.5~8um.

With Eq. (1), the efficiency of sample can be calculated.
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Wi is the total weight of particles of test air, and W permeate
is the weight of particles which can permeate filtration
membrane. Then AW is the change between twice weight
of filtration membrane. Through calculating, we know, the
efficiency of PEO nanofibrous membrane is 92.8%, while the
efficiency of PVA nanofibrous membrane is 97.6%. But,
compared with nanofibrous membranes, when particles in the
air, including PM10, PM2.5 and PM1.0, are used as testing
sample, filtration efficiency of needle cellulose filtration
fabrics is only between 20% and 40%, while the filtration
efficiency of meltblown filtration fabrics between 50% and
80%, and the pressure drop grows quickly with the increasing
of the wind speed[27]. The causes of this phenomenon maybe:
firstly, the detected pore size of filtration materials has obvious
difference. we can know, usually, the average pore size of
traditional cellulose filtration material is bigger than
electrospun nanofibrous membranes, so separation capability
of nanofibrous membrane precedes traditional filtration
material for smaller particle in air; secondly, the diameter of
electrospun nanofiber is smaller than the diameter of traditional
fiber; therefore, the direct interception effect and inertial
impact effect of nanofiber are more evident than traditional
fiber.

TABLE III. RELATED DATE OF EXPERIMENT
Key data Membrane PEO PVA
Membrane thickness 350pum 400pum
Detected pore size 1-10um 0.5-8um
Average fiber diameter 200nm 500nm
Air flux 100 L/min | 100 L/min
Test time 60 min 60 min
Average pressure drop 800 Pa 1100 Pa
Filtration efficiency 92.8% 97.6%
Humidity 50% 50%

In addition, two kinds of nanofibrous membranes are
compared with each other. At the same testing conditions, the
pressure drop of PEO nanofibrous membrane is 800 Pa, while
the pressure drop of PVA nanofibrous membrane is 1100 Pa,
thus it shows PEO nanofibrous membrane has higher
permeability. Because the average pore size of PVA nanofiber
membrane is smaller than PEO nanofibrous membrane, we
think it maybe cause the permeability difference of nanofibrous
membranes.

Both of the nanofibrous membranes have similar thickness,
PV A nanofibrous membrane has better filtration efficiency, but
the difference of their filtration efficiency isn’t obvious.



Probably, the difference of their nanofibrous configurations
causes it. The diameter of PV A nanofiber is bigger than that of
PEO nanofiber, the centrifugal impact effect of PVA
nanofibrous membrane is stronger than PEO nanofibrous
membrane, and the average pore size of PVA nanofibrous
membrane is smaller than PEO nanofibrous membrane, so it
enhances the filtration capability of PVA nanofibrous
membrane.

IV. CONCLUSIONS

Experiment results show that, compared with traditional air
filtration material, electrospun nanofiber has better filtration
capability, so it has a large potential to utilize as cheaper and
more efficient civil microfiltration membranes to remove air
particle. In succession, we study the effect of fabrications and
configurations of nanofibrous membranes for filtration
performances through comparing two samples, and we find
PVA membrane has higher filtration efficiency because of its
smaller fiber diameter, but its average pore size is smaller than
PEO nanofibrous membrane, so it has lower permeability. It is
worth for us to make further research to find the relations
between nanofibrous configurations and filtration attributes for
the sake of extending the filtration applications of electrospun
nanofibrous membranes.

ACKNOWLEDGMENT

The subject is supported by National Science Foundation of
China (Project code: 50675184), New Century Talent of
Xiamen University.

REFERENCES

[1] T. Subbiah, G.S. Bhat, R.-W. Tock, S. Parameswaran, S.S. Ramkumar,
“Electrospinning of nanofibers,” J. Appl. Polym Sci. vol 96, pp. 557—
569, February 2005.

[2] H. Fong, D.H. Reneker, Electrospinning and formation of nanofibers, in:
D.R. Salem (Ed.), “Structure Formation in Polymeric Fibers,” Hanser,
Munich, pp. 225-246. 2001

[31 A.L. Yarin, S. Koombhongse, D.H. Reneker, “Bending instability in
electrospinning of nanofibers,” J. Appl. Phys. vol. 89, pp.3018-3026,
March 2001.

[4] D.H. Reneker, A.L. Yarin, H. Fong, S. Koombhongse, “Bending
instability of electrically charged liquid jets of polymer solutions in
electrospinning,” J. Appl. Phys, vol. 87, pp. 4531-4547, May 2000.

[5] D.H. Reneker, I. Chun, “Nanometre diameter fibres of polymer
producedby electrospinning,” Nanotechnology vol. 7, pp. 216-223,
Septemper 1996.

[6] 1. Doshi, D.H. Reneker, “Electrospinning process and applications of
electrospun fibers,” J. Electrostat. vol. 35, pp. 151-160, August 1995.

[71 P.W. Gibson, H.L. Schreuder-Gibson, D. Riven, “Electrospun fiber mats:
transport properties,” AIChE Journal. vol 45, pp. 190—195, January 1999.

[8] H. Schreuder-Gibson, P. Gibson, K. Senecal, M. Sennett, J. Walker, W.
Yeomans, D. Ziegler, P.P. Tsai, “Protective textile materials based on
electrospun nanofibers,” J. Adv. Mater. vol. 3, pp. 44-55, July 2002.

1247

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]
[24]

[25]
[26]

[27]

M.G. Hajra, K. Mehta, G.G. Chase, “Effect of humidity, temperature,
and polymer nanofibers on drop coalescence in glass fiber media,” Sep.
Purif. Technol. vol. 3, pp. 79-88, January 2003.

J.S. Kim, D.H. Reneker, “Mechanical properties of composites using
ultrafine electrospun fibers,” Polym. Composites. vol. 20, pp. 124-131,
Janunary 1999.

M.M. Bergshoef, G.J. Vancso, “Transparent nanocomposites with
ultrathin, electrospun nylon-4,6 fiber reinforcement,” Adv. Mater. vol 11,
pp. 1362-1365, November 1999.

H. Fong, “Electrospun nylon 6 nanofiber reinforced BIS-
GMA/TEGDMA dental restorative composite resins,” Polymer vol 45,
pp. 2427-2432, March 2004.

X. Wang, C. Drew, S.H. Lee, K.J. Senecal, J. Kumar, L.A. Samuelson,
“Electrospun nanofibrous membranes for highly sensitive optical
sensors,” Nano Lett. vol. 2, pp. 1273—1275, September 2002.

X. Wang, Y.G. Kim, C. Drew, B.C. Ku, J. Kumar, L.A. Samuelson,
“Electrostatic Assembly of conjugated polymer thin layers on
electrospun nanofibrous membranes for biosensors,” Nano Lett. vol. 4,
pp- 331-334, January 2004.

G. Verreck, 1. Chun, J. Rosenblatt, J. Peeters, A.V. Dijck, J. Mensch, M.
Noppe, M.E. Brewster, “Incorporation of drugs in an amorphous state
into electrospun nanofibers composed of a water-insoluble
nonbiodegradable polymer,” J. Controlled Release. vol. 92, pp. 349-360,
October 2003.

M.S. Khil, D.I. Cha, H.Y. Kim, LS. Kim, N. Bhattarai, “Electrospun
nanofibrous polyurethane membrane as wound dressing,” J. Biomed.
Mater. Res. B: Appl. Biomater. vol. 67, pp. 675-679, October 2003.

J.A.  Matthews, G.E. Wnek, D.G. Simpson, G.L. Bowlin,
“Electrospinning of collagen nanofibers,” Biomacromolecules. vol. 3, pp.
232-238, January 2002.

H. Yoshimoto, Y.M. Shin, H. Terai, J.P. Vacanti, “A biodegradable
nanofiber scaffold by electrospinning and its potential for bone tissue
engineering,” Biomaterials. vol. 24, pp. 2077-2082, May 2003.

C.Y. Xu, R. Inai, M. Kotaki, S. Ramakrishna, “Aligned biodegradable
nanofibrous structure: a potential scaffold for blood vessel engineering,”
Biomaterials. vol. 25, pp. 877-886, February 2004.

B.M. Min, G. Lee, S.H. Kim, Y.S. Nam, T.S. Lee, W.H. Park,
“Electrospinning of silk fibroin nanofibers and its effect on the adhesion
and spreading of normal human keratinocytes and fibroblasts in vitro,”
Biomaterials. vol. 2, pp. 1289-1297, April 2004.

M. Shin, O. Ishii, T. Sueda, J. Vacanti, “Contractile cardiac grafts using
a novel nanofibrous mesh,” Biomaterials. vol. 25 pp. 3717-3723,
August 2005.

Z. Ma, M. Kotaki, S. Ramakrishna, “Electrospun cellulose nanofiber as
affinity membrane,” J. Membr. Sci. vol. 265, pp. 115-123, January 2005.

Brown,R.C.,Air Filtration, Pergamon press, Oxford,1993

Renuga Gopal , Satinderpal Kaur , Zuwei Ma, Casey Chan, Seeram
Ramakrishna , Takeshi Matsuura, “Electrospun nanofibrous filtration
membrane,” Journal of Membrane Science. vol. 281, pp. 581-586,
January 2006.

D. Groitzsch, E. Fahrbach, Microporous multilayer nonwoven material
for medical applications, US Patent 4,618,524 (1986).

T. Grafe, K. Graham, “Polymeric nanofibers and nanofiber webs: a new
class of nonwovens,” Nonwoven Technol Rev INJ Spring (2003) 51-55.
Wang Huaying, Shen Henggen, Yang Lei, Liu Shuping, Wang Chenbiao.
“The Testing and Contrast of Performance of Different Filtration Fabrics
for Particle Purification.” Building Energy & Environment, vol. 23, pp.
73~76, April 2004. No.2, Vol23:73~76.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


