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ABSTRACT
In this paper, PVA electrospun nanofiber was
prepared on the surface of three different
automobile engine oil filtration materials including
polyester nonwoven, glass fiber nonwoven, and
cotton pulp filtration paper. It was found that the
substrate of cotton pulp filtration paper and the
nanofiber layer had better adhesive effect. Then we
A comparison of fiber diameter, pore diameter,
filtration accuracy and pressure drop between the
cotton pulp paper and nanofiber composite filtration
material was then made. The results show that the
nanofiber composite material had smaller pore
diameter and filtration accuracy, higher pressure
drop, and better oil filtration property. Additionally,
the difference of pressure drop between the
substrate and nanofiber composite material
increased with increasing flow rate of experimental
oil. The goal of this paper was use the electrospun
nanofiber in the automobile engine oil filtration.

a mature technique to produce electrospun
nanofiber and composite filtration materials. After a
review of literatures on filtration materials, we
found that the electrospun nanofiber was mostly
applied in air filtration [4] and seldom used in
automobile engine oil filtration. In practical
application of automobile engine oil filtration, some
oil filtration materials have a two-layer, three-layer
or multi-layer structure [5-6]. As to the automobile
engine oil filter, the filtration materials should be
folded to form a lamellar structure and be adhered
to the automobile filter cartridge.

INTRODUCTION
Porous automobile engine oil filtration material [1],
including different cotton pulp filter paper [2],
polyester nonwoven, and glass fiber nonwoven is
used to separate different particles from fluids. With
the development of the automobile industry, the
usage of automobile engine oil filtration materials is
also increasing in China. However, the commonly
used oil filtration materials have some defects in
application, for instance, higher pore diameter and
pressure, and lower filtration efficiency.

Up to this point the electrospinning technology has
been used to prepare nanofiber from a few
nanometers to hundreds of nanometers. The
principle [7-8] of this technique is that a solution of
polymer can be sprayed to form a jet in a high
voltage electrostatic field [7] and collected by a
special device of substrate. The nanofiber is a
superfine fiber [9] which has some special
properties which can be applied in many respects
[10], for instance, tissue engineering scaffold,
biological dressing, nano electronic devices, battery
and electrode material, chemical and biological
sensors, protective clothing, environmental cleaning
materials, and filtration [11]. A number of polymers
[12] can be electrospun to form nanofibers, for
instance, PCL, PVA, PU, PAN, PGA, PLA, PC, PS,
some polymer blends, and polymer/inorganic
hybrids [10]. Among them, PVA [13-14] has good
chemical stability, thermal stability, solubility and
special viscosity which is water soluble polymer at
at temperatures of 80-90℃.

In order to improve these shortcomings of
commonly used automobile engine oil filtration
materials, one of the frequently-used methods is
electrospinning technology. Donaldson [2-3] is has

In order to expand the application of electrospun
nanofibers and discuss automobile engine oil
filtration properties, we prepared PVA nanofibers
which were formed on the surface of different
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substrates including polyester nonwoven, glass fiber
nonwoven, and cotton pulp filtration paper. The
experimental results showed that the cotton pulp
filtration paper and the nanofiber layer had a better
adhesive effect. Then we made a comparison of
automobile engine oil filtration properties between
the cotton pulp filtration paper and nanofiber
composite material.

collector distance between sample and needle. The
fixed unit 3 was used to support the weight of the
rotating roll and adjust collector distance. Before
electrospinning nanofiber, the PVA solution was
sucked into the needle which was fastened by fixed
unit 2. Additionally, the substrate was fixed in the
collector roll which rotated at a certain rate as low
as possible to get a uniform nanofiber layer. The
filament was presented at a relatively chaotic state
and could not be collected by the rotating roll at a
lower value of voltage power supply before
experimentation. After a continuously adjusting
process of voltage and collection distance, we found
that the PVA nanofiber could be collected well on
the surface of substrates.

EXPERIMENTAL
Material of Substrates
In order to research the oil filtration property of
substrate and nanofiber composite material, we
selected three different kinds of automobile engine
oil filtration materials from the market. These
substrates included polyester nonwoven, glass fiber
nonwoven, and cotton pulp filtration paper which
were purchased from HeNan Xin Xiang Chang
Cheng Filtration material Company Limited of
China. The substrates had the same nominal
filtration accuracy in practical application and are
the commonly used automobile engine oil filtration
materials.
Property Measurement of Substrates
The weight (mass/unit area) was measured with an
AR 2140 Electron Balance. Thickness was
measured with an YG 141N device in accordance
with standard of GB/T 3820-1997. Air permeability
was measured with an YG 461E device in
accordance with the standard of GB 5453-85.
Mechanics properties were measured with an YG
065 device in accordance with the standard of GB/T
3923-1997.
PVA Material
The experimental PVA polymer, (C2 H 4O ) n and
n=124, was purchased from XiLong Chemical
Company Limited. Before the electrospinning
process, the PVA was dissolved in a water bath of
80℃ and made into a solution at a concentration of
7%. The experimental temperature was the standard
room temperature and the relative humidity was
65%.

FIGURE 1. Schematic diagram of electrospinning set-up and
process.

Experimental Setup of Filtration Property
Measurement
The pore diameter and filtration accuracy were
measured with an MP-15K β x instrument in
accordance with the standard of GB 5249-85
permeable
sintered
metal
materials
and
determination of bubble test pore size (see Figure 2).
The pore diameter was calculated by the following
equation:

Electrospinning Setup and Process
The electrospinning device including the high
voltage power supply, injection needle, collector
roll and some fixed installations is shown in Figure
1. The high voltage power supply was settled by
fixed equipment 1. The fixed unit 2 was mainly
used to control the needle position and adjust the
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where d m is effective pore diameter, mm . γ is the
surface tension of isopropyl alcohol, N/m. ∆P is the
static pressure drop produced on the surface of
porous material, Pa. θ is the contact angle between
isopropyl alcohol and porous material.Where
θ = 0°, cos θ = 1 and d p = 4γ ∆P .

FIGURE 3. Experimental setup of pressure drop measurement. (a)
the principle of experimental setup,(b) main system of actual
experimental setup,(c) sample after oil filtration experiment.

The experimental oil first flowed through the
experimental fixture and then flowed through the
experimental fixture containing the filtration
material. The pressure drop produced on both sides
of material was defined as
△p= Q1－Q0

(2)

where △p is pressure drop of material, KPa. Q1 is
the total pressure of material and experimental
fixture, KPa. Q0 is the pressure of experimental
fixture, KPa.
FIGURE 2. The experimental setup and process of pore diameter
measurement. (a) the samples were cut into a circular area of 100
cm2,(b) the sample was put into the vessels, (c) the isopropyl
alcohol was poured into vessels, (d) no bubbles appeared in the
surface of sample and (e) the bubbles appeared in the surface of
sample.

Figure 3 shows the LCS-6 experimental setup for
measuring the pressure drop in accordance with ISO
3968:2001Hydraulic Fluid Power-Filters-Evaluation
of
Differential
Pressure
Versus
Flow
Characteristics.
FIGURE 4. Modeling of oil filtration process.
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Theoretical Analysis of Oil Filtration
As we know that the obvious pressure drop could be
produced on both sides of filtration material as the
experimental liquid getting through the porous
material in accordance with Darcy’s Law [15]. In
order to unify the meaning of the same parameters,
we adopted part of different alphabetic symbols to
express the same significance [16-17]. So the
pressure drop 16 could be expressed by

∆p = 16

k1Lmq
g c d p2ε

TABLE I. Experimental result of ten different filtration materials.

(3)

where q is flow rate, m/s. µ is viscosity of
experimental liquid, Pa·s. L is thickness of porous
material, mm. d p is pore diameter, mm . ε is
porosity,%. g c is the acceleration of gravity,
m/s2. ∆p is pressure drop on both sides of the
material, KPa. k1 is coefficient.
The relation between flow rate and flux of liquid
[17-18] can be expressed by

q=

Q
At

(4)

Where Q is flux, L/min. A is area of material, cm2.
t is experimental time, min.
RESULTS AND DISCUSSION
Comparison of Substrate Properties
Table I shows the properties of polyester nonwoven,
glass fiber nonwoven, and cotton pulp filtration
paper. Through comparison of filtration properties
among these three filtration materials, we found that
polyester nonwoven and glass nonwoven had the
better filtration effect, while the cotton pulp
filtration paper had the worst filtration effect.
The SEM Figures of Samples
The electrospinning nanofiber was formed on the
different surface of substrates including polyester
nonwoven, glass fiber nonwoven and cotton pulp
filtration paper, which are shown in Figure 5
separately.
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FIGURE 5. The substrate and electrospinning nanofiber
composite filtration material.(a) polyester nonwoven,(b)
polyester nonwoven nanofiber composite material,(c) glass fiber
nonwoven,(d) glass fiber nonwoven nanofiber composite
material,(e) cotton pulp paper and (f) cotton pulp paper nanofiber
composite material.

111

http://www.jeffjournal.org

The high voltage was 27.85KV, concentration of
PVA was 7%, flow rate of syringe needle was 1.9
mL/h and the collect distance was 10cm. The SEM
figures of substrates and nanofiber composite
materials are shown in Figure 6. Compared with the
disorderly distribution of fibers on the surface of
polyester nonwoven (see Figure 6 (a) and (b)), it
can be seen that some nanofibers are bonded
together which has a bifurcate structure on the
surface of polyester nonwoven (see Figure 6 (c) and
(d)). Moreover, the beads are also formed in the
naonfiber. Figure 6 (e) and (f) are the glass fiber
nonwoven, and (g) and (h) are the nanofiber
composite material. It can be seen that the

nanofibers are in a good state on the substrate of
glass fiber nonwoven. However, the nanofiber layer
can be easily separated from the substrate of glass
fiber nonwoven due to the poor bonding effect (see
Figure 6 (i) and (j)). (k) is the substrate of cotton
pulp filtration paper and (l) to (m) are the nanofiber
composite material. Compared with the glass fiber
nonwoven nanofiber composite material and
polyester nonwoven nanofiber composite material,
the cotton pulp paper nanofiber composite material
has a better bonding effect between the substrate
and nanofibers. So we use the cotton pulp filtration
paper and its nanofiber composite material to make
a deep comparison of the filtration property.

FIGURE 6. SEM figures of substrate and electrospinning nanofiber composite filtration material. (a) and (b) are the polyester nonwovens, (c)
and (d) are the nanofibers formed on the surface of polyester nonwoven. (e) and (f) are glass fiber nonwovens, (g) and (h) are the nanofibers
formed on the surface of glass fiber nonwoven, (i) and (j) are the two layers between glass fiber nonwoven and nanofiber. (k) is cotton pulp
filtration paper, (l) to (m) are the nanofibers formed on the surface of cotton pulp filtration paper. The electrospinning time of (c) and (d), (l) to
(m) were 3 hours, while the (g) to (j) was 4 hours. (a),(b) and (k) were observed by JSM-6360LV Scanning Electron Microscope, (i) and (j)
were observed by JSM-6360LV Scanning Electron Microscope, other figures were observed by JSM-5610 Scanning Electron Microscope. (n) is
an actual automobile engine oil filter (the filter is provided by a Filter Company and the filtration material is cotton pulp paper).
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Comparison of Fiber Diameter
On the basis of circular shape of fiber diameter, the
calculation of average, standard deviation and
coefficient variation of fiber diameter are as follows
(the number of Eq. (6) is 19 and N=20 ) [19].

1 20
∑ xi
20 i =1
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x=

(a)

(5)
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CV =

where i is fiber number, xi is fiber diameter, x is
mean value, s is standard deviation and
coefficient variation.

0.10
0.05

CV is

0.00

The results of fiber diameter of cotton pulp paper
and electrospinning nanofiber are calculated by Eq.
(5) to Eq. (7), and the values are shown in Table II.

600
800 1000 1200 1400
Fiber distribution of nanofiber(nm)

1600

FIGURE 7. The distribution frequency of fiber diameter. (a)
substrate of cotton pulp paper and (b) electrospinning nanofiber.

TABLE II. Experimental results of fiber diameter.

Comparison of Pore Diameter
Besides fiber diameter, the pore diameter of
filtration material is another important parameter
which
can
be
measured
by
the
MP-15K β x instrument. Table III shows the results
of pore diameter of the substrate and
electrospinning nanofiber composite material. The
mean value and maximum of pore diameter of
substrate are 39.2 mm and 39.3 mm , while the two
values of nanofiber composite material are
37.6 mm and 38.3 mm respectively. Through a
comparison of pore diameter with substrate, it can
be found that the nanofiber composite material has
the smaller pore diameter.

It can be seen that the mean value of fiber diameter
of substrate and electrospinning nanofiber are
23850 nm and 956.05 nm, the coefficient variation
of them are 32.7% and 32.69%, respectively.
Compared with the fiber diameter of cotton pulp
filtration paper, the electrospinning nanofiber can
greatly decrease the fiber diameter in a nano scale.
The fiber diameter distribution frequencies of
substrate and electrospinning nanofiber are shown
in Figure 7. The results show that the fiber diameter
of substrate distributed in the interval of
10.2-13.3 mm is 25% and the electrospinning
nanofiber distributed in the range of 760-878.5 nm
and 878.5-997 nm are 25%。
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Comparison of Filtration Accuracy
The filtration accuracy of substrate and
electrospinning nanofiber composite material is
15.0 mm and 14.4 mm , respectively. And the results
show that the nanofiber composite material has the
better filtration effect. Theoretical analysis the
change of filtration accuracy is shown in Figure 8.
The results show that some smaller particles leaking
from the substrate can be easily intercepted by the
nanofiber layer.

Pressure drop(KPa)

30
25
Composite material

20
15
10

Substrate
5
1.0

1.5

2.0 2.5 3.0
Flow rate(L•min-1)

3.5

4.0

FIGURE 9. Pressure drop comparison between substrate and
nanofiber composite material.

From Eq. (3) we know that the relation between
pressure drop and pore diameter is ∆p ∝ 1
FIGURE 8. Change of filtration accuracy. The top layer is
nanofiber and the substrate is cotton pulp filtration paper.

d p2 , and

the relation between pressure drop and flow rate is

∆p ∝ q . So the pressure drop on both sides of

Comparison of Pressure Drop
Another important parameter is pressure drop which
was measured by LCS-6 Pressure Drop–Flow
Device at Henan Xinxiang TianYi Filter
Technology Co Ltd. of China. Table IV shows the
value of pressure drop calculated from Eq. (2).

filtration material increases as the decreasing of
pore diameter and the increasing of flow rate. The
change of pressure drop of nanofiber composite
material is in agreement with the previous research.

TABLE IV. Experimental results of pressure drop.

However, this is a contradictory aspect among pore
diameter, pressure drop and filtration accuracy. The

flow rate/(L/min)

smaller pore diameter of nanofiber composite

1

2

3

4

material means a better filtration effect; on the

Q1

67

81

96

114

contrary, the smaller pore diameter can produce a

Q0

63

76

91

107

higher pressure drop on both sides of nanofiber

pressure drop of nanofiber

Q1

68

89

111

135

composite material.

composite material/KPa

Q0

63

76

91

107

pressure drop of substrate/KPa

CONCLUSION
The PVA nanofiber was formed on the surface of
three different substrates including polyester
nonwoven, glass fiber nonwoven, and cotton pulp
filtration paper at the constant condition of high
voltage, concentration of PVA, flow rate of PVA
solution, and collect distance. The experimental
results showed that the cotton pulp filtration paper
and the nanofiber layer had a good adhesive effect.
Then we made a deep comparison of fiber diameter,
pore diameter, filtration accuracy, and pressure drop
between the cotton pulp filtration paper and
nanofiber composite filtration material.

Figure 9 is the result of pressure drop comparison
between the substrate and nanofiber composite
material. It can be seen that the nanofiber composite
material has the higher pressure drop on both sides
of filtration material due to the smaller pore
diameter. Moreover, the difference of pressure drop
between the substrate and nanofiber composite
material increases as the flow rate of experimental
oil increasing from 1 L/min to 4 L/min.

Journal of Engineered Fibers and Fabrics
Volume 9, Issue 4 – 2014

114

http://www.jeffjournal.org

Compared with the cotton pulp filtration paper, the
nanofiber had the smaller fiber diameter of 956.05
nm, and the nanofiber composite material had the
smaller mean pore diameter of 37.6 mm . Moreover,
the nanofiber composite material had the smaller
filtration accuracy of 14.4 mm .The higher pressure
drop produced on the nanofiber composite filtration
material as the experimental oil flowing through the
material. Moreover, the difference of pressure drop
between the substrate and nanofiber composite
material increased as the flow rate of experimental
oil increasing from 1 L/min to 4 L/min.
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