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QUALITY ASSESSMENT OF NONWOVEN AIR FILTERS USED
IN FERTILIZER FACTORIES
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ABSTRACT - Two experimental techmiques used to evaluate fabric filtraticn efficiency.
Gas [iltration apparatus and another apparatus used optical techmqgues based on
laser doppler velocimeter are constructed. The filtration efficiency have been measured
for a wide varity of nonawoven {ilter fabrics. Excellent agreement has been found
between the two technigues. The necessary performance characteristics of air [ilter
fabrics could be selected and arranged carefully n decreasing order of importance.
In this paper several methods are used to assess the quality of some nonwoven fabrics
as aly {ilters similar o those {ilters used in the fertilizer lactory. Complex evaluation
of quality methods have been applied to determine the best filter which can be
used n ferulizer tactories. Quality assessment methods such as arithmenc mean,
geometric mean, harmonic mean, exponéntial mean, polygon area, quality number
and generalized desirabdity function can be used for assessing the quality ranking
of aswr fiiter fabrics accurately.

l. INTRODUCTION

Filters are commonly used i the industrial purposes and for protecting
the environment from the pollutioch, Filters can be classilied as one of two types,
bhased on the way i which the fibres are held in place. In the {irst type, the packed
{ilter (nonwoven f{ilter), the fibres are loosely packed into a substantial volume,
presenting a fairly long path a long which the air must pass on ts way through
the filter. This type of filter has wide use in air conditioning applications and other
applications where the dust Joading, or particle - number concentration, 1s relatively
small. In the second typer of filter (woven or knitted filters), called the single layer
filter, fibres are woven into a thin layer of cloth. Dag f{iiters are the typical example
of this type of filter [}] Filter fabric 1s one of the most wmportant types of industrial
fabrics- Fuid mechanics forms (he principal foundation of air pollution control theory.
Flurds may be either liquids or gases,

Each filter must {ulfil the necessary requirements according to the different
end uses such as filtration process of cement, acids, salts., olls, sugar, milks and
so on. This makes the technology of these filters difficult to be studied In general.
Saf=ty, it could be said that each filter can be considered as a special fabric with
respect to the type of material and the method of manufacture.
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Generally, the fertilizer company is using two types of filters, e.g. air
filters and liquid filters. But the present study concernad with the most
important filter used n air  compressor  (Talkha 1. This i1s because air o
ressor nheeds a huge amount of very pure air per umit ttme In order 1o the ideal
processes can be carried out successfully.

As far as [iltration is concerned, the amount of dust particles passing through
a filter medium 15 of major importance for various products. If the pore size is
large, a higher mass of dust will be expected to pass through the. filter fabric, while
if the pore size 15 small, there will be higher dust retention and a low mass of
dust will pass through. And the need for a simple filtration apparatus is an impartant
factor in determining the resultant gas and dust permeabihity of filter {abrics.

In Selecting a filter fabric for feruilizer factories, one must consider the
different characteristics of the fabric as they relate to the type of application.
For exampie, for air fiter fabrics, the main property to consider s mechanical
resistance [1]. For filtration systems, essentially two characterisiics are important:
the air permeability coefficient and the particle retention capacity of the [filter,
expressed by geometrical ratios between characteristic particle dimensions of the
soil) to be retained and a characteristic opening of the fabric [2].

Different characteristics have been proposed for evaluating the f{iltration
performance of aw [ilter fabrics: {iltration efficiency, pressure drop, fabric porosity,
pore size and fabric thickness [3-5).

Many research works have been studied filter characterist¢s individually.
Butr the present work concerned with the complex assessment of the filter character-
istics e.g. Filtration efficiency, pressure drop, air permeabi]ity, porosity, fabric
welght, bursting strength and specific work of rupture.

The object of this paper is to study the performance of domestic nonwoven
fabrics similar (o those imported hilters used n the factory. This will lead to improv.-
ing the filtravon efficiency and durability of air filters using domestic fabrics which
saves a lot of hard currency and jnsure the supply of these jilters {rom the Egyptian

market.

2. EXPERIMENTAL WORK
2.1 Fabric Preparation:

Fabrics of dilferent weight per unit area and thickness were produced by
using different numbers of layers of parallel - laild webs and diflerent amounts
of needhing. The various filter samples are listed in Table I.

2.2 Filtration Effictency Test:
2.2.1 Gas Filtration Apparatus (Weighting method):

The measurement of filtration efliciency of labrics 1s the main object of
this work. This is because there is no apparatus 1n Egypt or in the market available
to measure the [iltranion efficiency. Then it was necessary to build an apparatus' .
lhis apparatus was designed to measure both the filtration elficiency and air
permeability with a similar manner to the Shirley air pertneality tester.The designed
apparaltus 1s capable of measuring the awr permeabihty at high pressure drops and
rate of aw flow which is not possible by using Shirley air permeability tester.

Figure (1) shows a schematic diagram of the apparatus. Air is drawn from
the atmosphere through the pipe (1) by the action of a blower (8}, then passes through
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Table 1 Spécdicat'mns of Filter Fabrics

Fabric Type of IFibres Thickness, Weight Fabr_ic
mm pejlnit  Density,
area,g/m” g/em

| 4o% acrylic/44% polyester/

6% cotton /5% nylon/5% wool 6.3 310.6 0.0722
2 100% acrylic 6.62 270.5 0.0409
3 33% wool/ 33% cotion/

34% acrylic 6.05 6471 0.1070
4 100% polyester 2.6 164.4 0.0632
5 83% polyester/12% wool 4.6 586.9 0.127¢
6 50%acrylic/50% polyester 8.22 445 0.0541
7 100% polyester 6 117.5 0.0373
8§  83% polyester/12% wool 1.2 235.) 0.1959
9  wool/acrylic/nylon/polyester 4.8 40%.6 0.0843
10 20% polyester/20%{ibran 7.45 864.5 0.1160
[ " " " 9.0 1158.6 0.1287
2 " " " N _ 775 898.8 0.1160
3" " " " W2 871 . 0.1523

line A or B according 1o the type of test.Air flows through fine A for air pecmeabilsty
test (in this case valve B is closed). On the other side, air flows theough line B
for measuring filtration elficiency.

In this test valve A is closed and awr flows through line B. A regulator
(9) 15 is used to get a dry ar in the system. A flowmeter (10) is uscd to measure
the rate of air flow. The pressure gauge (L1) measures the air pressuce in the line.
A dust feeding device (13), feeds the system with a constant amount of dust. This
dust 15 mixed with the air flow. The sample (5) acts as a filter, which prevenis
the coarse particles of dust and permits the fine ones to pass through. Tne fine
particles are accumulated on the surface on the filtration paper (12). The pressure
drop across the fabric sample 1s measured by the manometer. The following operating

]
conditions were kept constant: 15 cm”area of test lilter and 70 CmB/SEC rate of
air flow.



Dr. N lbrahim et al

62

T.

snmiesedde vonen|1y sed jo wesderp J11EWBYOS v - ] 9In3i4

g 1




Mansoura Engineering Journal (MEJ), Vol. 16, No. 2, Dec. 19%) T.

2.2.2. Laser Technique (optical method):

Optical techniques based on laser dopplec velocimeter are applied tohev?\u?tg
filtration efficiency by measuring particles concentration before and g(terhl e ?uvir
filter (6]. There are three detectors located al selected spacings pehlmzx et recS ver
aperture as shown in Fig. (2). This method has several potential advantage
obtaining he size and velocity of particles {6).

A moduler fluid flowing system has been constructed to allow the Owsua;nz:]tanzre\
concept. [t consists of a two rectangular channels (BXBX_IOO,_ 3)((%;(8D ctmfeedin
of plexiglass, and dust supplying system as demon§trated in an(i .t usomain %
system aspitates dust from the container to the ejector In or ir a oin o
homogeneous mixture of dust and air. By means of a suction at the other sid¢,
{low of air and dust passes through the filter fabnc.

MEASUREMENT
VOLUME

BEAM
SPLITTER

DET 1
DET 2
DET 3

1
Figure 2 . Dptical Sc!‘nematic for an LDV and the P/DPA

3. RESULTS AND DISCUSSION

From such study, performance properties of air filters can be divided into
two groups : positive properties such as filtration efficiency, air permeability, porosity,
bursting strength and specific work of rupture; and negative properties such as
pressure drop and weight per unit area. The results of both positive and negative
relative characteristics (Y | - Y;) of each property could be listed in Table IL. Selection
of the best fabric 13 di[}icult enough without using special methods for assessing
the quality such as complex characteristics or generalized desirability function,

3.1. Complex Characteristics:

Complex characteristics of quality assessment may be determined [7) by
calculating the arithmetic mean (A), geometric mean (G), exponential mean (E),

polygon area (P) and quality number (Q) of 1the relative characteristics (Yl - Y7)
as given in Table II.

3.2. Generalized Desirability Function:

Generalized dessrability function {D) can be calculated {8-10) by 1he geometric
mean of the individual charctecistics of the desirapbility (di) as f{ollows:

- 1/7
D=( d,- 95 d3. ...d7)

where di = exp ( - exp - Zi) yZiza+bXi

63
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Zi - dimensionless characteristics which Z = 1.5 for the best sample and

Z = 0 for the worse ones;
a,b - constants and
X‘ typical properties of each sample.

Therefore, the values of D cajp be easily calculated and the [abrics can be ranked
according to its quality as listed in Table Il .

3.3. Rank Agreement:

The selected Jabric samplqs are to be ranked using the six methods of quabty
assessment (A,G,E,P,Q and D). The coelficient of concordance (w) among the different
methods is equal to 0.88. The final rank of each sample s set out in Table Ul.Jt
could be noticed that the fabric, NO.7 and fabric No. |2 has the best and worse
qualily respectively. For checkin% the best Fabric, the overall efficiency (Y) and
quality index (1) can be calculated [11] as follows:

Y=L [1/(1-m)] /ap 1 and
[ =-100 log { /ap

where m- fractional efficiency 1ap - pressure drop, and
f- fractional penetration.

3.4. Optical System

The purpose of using this experimental technigue is to produce a steady
two phase flow of air and dust through a filter. This :5 to measure the concentration
of dust before and after the filter by means of optical technigues. These optical
methods are based on Laser Dpppler Anemometcy (LDA} {12). These techniques
have the advantage of not disturbing the flow.

The size and velocity his(ograms are presented in Fig. (4). The resulls of
the calculations performed are presented to the right of the size histogram. They
include:

Probe Widih- This 1s the actual diameter of the optical volume as measured
during data acquistion. All size histogram bins are normalized to this vaiue to obtain
the corrected bin counts.

Probe Area- The projected area of the probe volume normal 1o the velocity
sensitive direction. The probe area is calculated from the geometry of ihe receiver
{which influences the lepgth of the probe) as well as the probe width. The probe
area i1s used 1o determine particle {fux and number density.

Probe Volume - Actual volume of the optical probe calculated from the
above values, This quantity 1s useful to insure 1hat the probe volume meets the
requirements of particle number density,

Flaid Flow rate - The total volume of all particles measured (usmg corrected
counts) divided by the run time. This gives the average value during the data acquisi-
tion -

Fluid Volume Flux - The {lud {low rale divided by the probe Area. This
g!ves the average volume flux through the probe during the data acquisition.

Number Density - The total number of particles divided by the volume
of gas phase which passed through the probe durin(gr data acquisition, To determine
this, the bin count for every size class 1s firstly adjusted by the ratio of the mean
particle velocity for that size class to the overall mean relacity. The adjusted bin
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counts are summed for atl size classes. Consequently, gas phase volume is deter mined
by swceping lhe probe area at the overall mean velocity for the sample run time.

From the previous data, the [iltration efficiency 1s calculated. Similllar
results are obtained for both optical and weighting methods. Correlauon coefficient
ol filtration efficrency between the two methods is shown in Fig. (5).
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Figure 5. Correlation coefficient between filtration efficiency measured
by laser and weighting methods

4. CONCLUSION

From the work described in this paper the (ollowing conclusions have been
deduced:

(. A new simple and eflicient apparatus was established on the basis of constant
rate of air flow for measuring the filtration efficiency ol filters.

2. Laser technique can be successfully used in determination the (iitration efficiency
of air filters.

3. The resulis obiained {rom the two apparatuses are in a good agreement.

4. performance properties of air tilter fabrics could be sefecied and arranged
cacelully in decreasing order of importance.

5. Methods of quality assessment such as arithinetic mean, geomeiric mean, expon-
ential mean, polygon area, quality number and generalized desirability function
can be used for assessing the quality ranking of air {ilter fabrics.
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