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ABSIRACT— In this research an attempt has been made to madify the construetion
of a number of circular — knitted structures :.e. interlock, pile Fabrics and
single pigué. This modification could be achieved by means of knowing the
aptimum constructional factars of each knitted structure such as palyester/
cotton blend ratio, tightness factor and yarn twist multiplier. This research
1s cancerned with the develapment and evaluation of the selected kniited str—-
uctures for mechanical and dust — filtration applications with regard to spe—
cifrec work of rupture,. bursting pressuce, rate of abrasion, filtration effici—
ency ( 7 ), pressure drop ( aP}, filter performance ( ¥ ), filter efficiency
per untt mass ( U/M), specific cake resistance (K) and dust emission or out—
let concentration (Co). The mechanical and filtration properties of these
atructures are studied and compared with those of similar woven filter fabr—
1cs. Mathematical models describing these properties could be obtained, by
using factorial design method, for predicting the knitted filter performance.
By using the mathematical methods, 1t was found that the optimum fabric con—
struction i1s recommended to be contained 100% crimped polyester Fibres yarn,
17.47 tightness factor (1i.e. yarn count 20 Ne, loop length 0.31 ecm) and 3 Xe
twist multiplier with using interlock structure. Also, L s observed that
the filtration characteristics af the optimum structure (Sample 24} 1n the

sctual operaling condllions were more efficient Lhan conventional woven fil—
ters.
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1. INTRODUCTION

When a bale of cotton enters a spinning mill, it brings with 1t a stered
potential ta release fine dus® This dust 19 either present as fine dust and
escapes when lint 15 opened or it 1s created when mechanical actions of pro—
cessing machines break trash and fibres. Alr currents generated by the mach—
1ne cause the fine dust to enter the environmental air in the spinning mill,
especlally in the blowing room. When the cotton dust enters the mill air,
wocket health may be adversely affected {1 1. The essential principle of
Fabric filtration 1s to cause dusty gas to flow through elements of a perme—
able textile fabric by eirther pressure or suction and to retaln the dust on
the fabric.

The woven filter (article 3015) used in the conventianal cotton opening
lines 1n Mehalla Spinning and Weaving Company has the fallowing specifications:
100% catton, plarn weave 1/1, avecage fabric width 202.5 cm, ends per inch 60,
picks per inch 60, warp yarn count 14.6/1, weft yarn count 14/1, twist factor
for warp yatns 3.7 X e, twist factor for weft yarns 3.3 (Xe and weight per
unit area 202 g/mZ. The construckional characteristics of these canventional
woven filters create canditians nat only for high axc permeability but also
for a high level of dust penetration which has an adverse effect on dust ret—
ention. The dust should be filtered out of the air with fabrics which have
lower strength but are capable of withstanding cleaning by mechanical means.
The requirements af the filter—making process as well as economic considerat—
10ns probably explein this lake of variety 1in commercial filters. 1ln order
to retain dust psrkticles, the filter requires other properties, including
uniformity and firmness in structure, high filtration efficiency, low pres—
sure drop with prescribed limits and high production rates.

Woven and needle felt fabrics are commanly used for industrial dust ~
collectian purposes. Such fabrics, after suitable finishing processes, pro—
vide a high filtration efficiency coupled with a dimensional stability that
enables them to withstand the mechanical forces during the various types of
cleaning process, 1.e., shake, reverse air ar pulse. However, 1n the case
af both woven and needle felt fabrics, castly seaming operations have to be
carried out tc produce tubular filter sleeves. This is labour—intensive and
can result 1n (a) weaker areas 1n the filter and (b) reduction 1n air—per—
meab1lity at tEhe seam. PRoth these factors can result 1n an uneven filtration
pecformance af the sleeve. Tubular — knitted fabrics have the advantage that
they can be produced to the required diameter and shape. There are, however
a number of limitions inherent 1n a weft knitted fabric, such as high exten—
s10n and low recavery when subjected to pressure as well as the anistrapic
nature af the fabric properties, which will render i1t useless as filter media.
These have to be overcome before such fabrics can be seriously considered for
filtration {2 J. Knilted fabrics have not been seriously considered because
of their high extensibility when subjected to these forces that are involved
during filtration. It 15 alsa well knawn that the tensile praperties cf mast
weft—xnikted structures, especially single—jersey structures are anisatropic
with a higher extensibility and a lower initial modulus in the coursewise
direction than the walewise direction [3]. However, these limitions have ta
a lacge extent been overcame 1n the ather chosen structures, t.e., wnterlock,
pale faorics and single piqué which can be seriously considered for filtrat~
1on.

The object of this research is concerned with the development of a number
of ciccular—knitted structures far dust—filtcation applications with cegard
tc the mechenical and filtratign propectres. The canstiructional factors
cnosen here for analysis were polyester/cotton blend ratia, tightness factor
and yarn Lwist multiplier.
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2~ EXPERIMENTAL WORK
2-1, Test Samples:

- .

A range of 24 double— jersey fabrics was‘broduced on c1feular knitking
machines Lo change values of loop length and tightness factor for three dif-—
ferent structures, interlock, ptle fabrics and single pique.

Yacn length per stitch could be periodically checked using the following
Formula {4 ]:

g speed of yarn 1 N
Loop length (1) = machime t.p.m - no. of needles ceesen (1)

Fabrics wece produced on a Mair/C (German machine) 36-feed; 20—gauge
1728 x 1728 needle double — Jersey machine. Fabrics were made of polyester
and cotton fibres in which two levels each of polyester/cotton blend percent—
age, tightness factor and yarn twist multiplier were represented. Specifi—
cations of the fabriecs produced are detailed in Table (1), and the notations
of the structures produced are given i1n Fig. (1).

K@/ - g -0

At

2 AR ¢ Q - O D (dral)
BN D S \Q/R\a/gfg C (cylinder)

Fig. (1): Notations of structures used for tested samples.

2-2. Experimental Design:

The experiments for each structure were planned according to the facto—
rial design (23) [5,6] for the three variables i.e., polyester/cotton blend
percentage (X1), tightness factor (X2) and twist multiplier {X3). Tightness
factor 1s defined as IF = 1/1, where T 1s the yarn linear density in tex and
1 1s the average loop length in cm [7]. By using small changes 1n yarn count
and loog length, Ffabric tightness can be varied between approximately 10 and
22 gi/m /2, "The range of variation of these factors ts given 1n Table (2) and
the experimental plan 1s given in Table (3).

2-3. Test Methods:
2=-3>-1. Relaxation and Conditianing:

The knitted fabrics produced in Cairo Garments and Knitting Company
(Tricona) were Lested 1n the laboratories of Textile Engineering Dept., Mansgura
Universtty, Facully of Engineering 1n ordecr to determine the most imporiant pro—
perties such as specific work of ruplure, bursting resistance, rate af abrasion,
filtration efficiency, pressute drop, filter perfacmance, filtec efficrency per
unit mass, specitfic cake resistance and dust emission. These properties could
be measured after steam—relaxed condition and heal—setting process for crimped
poé>ester fibres fabric at 1700C and after steaming cotton knitted fabric at
90eC.,
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Table (1): Structural Detailed of Knitted Samples
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Neme of |Sample| Jarn Yarn| koop Tightness|No. of Noa of | Thickness| Weight
Caunt | Length| Factor_  |Courses/| Wales/ | (mm) at 5
Structure | Code |Material| (Tex)| (em) [(g#/m2/3)) (cm) (cm) 5g/cm2 (g/m™)
1" P., |19.68 ] 0.as | 9.9 B.66 | 12.99 | 1.62 198
ZA C 29.53( 0.310 17.52 17.32 11.02 1.24 334
3A C 19.68{ 0.444 9.99 5.45 12.2D 1.38 189
4A C 2%9.53 | 0.310 17.52 18.1 10.24 1.28 350
Interlock | 5A P 19.68 | 0.444 9.59 8.66 13.78 1.50 201
6A g 29.531 0.310 17.52 16.54 11.02 1.42 345
7A C 19.68 | 8.444 9.99 9.54 12.60 1.48 216
84 P 29.53 | 0.310 17.52 17.32 11.42 1.29 360
1B P 19.68 | 0,428 10.36 11.02 9.06 2.28 252
28 C 29.53 | 0.380 14.30 12.60 B.66 2.62 412
38 C 19.68 | 0.428 10.36 11.02 9.06 2.40 230
Pile 48 ¢ 29.53 | 0.380 14.30 12.60 8.66 2.67 429
Fabrics 58 P 19.68 | 0.428 10.36 11.02 9.06 2.28 263
68 P 29.53 | 0.380 14.30 11.81 8.66 2.70 417
78 C 19.68 | 0.428 10.36 11.02 9.06 2.48 251
88 P 29.53 | 0.380 14.30 11.81 8.66 2.7 449
1€ P 19.68 | 0.263 16 .87 11.81 10.24 1.45 175
2C C 29.53 | 0.246 | 22.09 18.90 9.84 | 1.47 322
3C c 19.68 | 0.263 | 16.87 12.60 9.a5 | 1.33 173
Single 4C C 29.53 | 0.246 22.09 15.75 10. 24 1.47 335
Pirqué sC P 19.68 | 0.263 16.87 12.60 9.45 1.23 184
6C P 29.53 ] 0,246 22.09 17.32 Q.84 1.42 : 324
7C C 19.68 | 0.263 16.87 12.60 10.24 1.32 ¢ 178
8c P 0.246 | 22.09 17.32 9.45 | .48 350

w
P means 100% polyester

"

C means 100% colton.

Table (2): Range of Variation for Studied Facters

Level I min value
Factar (—=1)

max. value

(+1)
X palyester/cotton blend (%) 0/100 100/0
/2. 373 for (A) 9.99 17.52
X,~tightness factor (g '"/m™" ") for (B) 10.15 14,30
for (C? 16.87 22.09

Xy—twist multiplier {Xe) 3 3.5

Table (3): Experimental Plan of Studied Factors For Lach Structure
{ Coded Levels of Factors
Exp., No.

XT X2 XS
1 il -1 -1
2 -1 1 ~1
3 - -1 1
4 -1 1 1
S 1 -1 1
&
7
5]

1
-1
1
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2=3-2, Mechanical Properties:
(1) Specafic Werk of Rupture (g/tex)

Here each fabric was tested on the Lloyd Universal Tester. Five
fabric speciggns, with 140 mm x 50 mm, were cut with the long side parallel to
the wales. The gauge length between Lhe jaws was set at 100 mm and the cros—"
shead speed was set at 50 mm/min during extension and at 100 mm/min during
recovery. From these tests, the fabric specific work of rupture in wale dir—
ection was determined [8 ]. The results obtained ace shown in Table (4).

(11) Specific Bursting Pressure (Kg/cmz)

The bursting tests of knitted fabrics were carried out on the Hyd—
raulic Bursting Strength Tester using diaphragm test. The mean error of the
readings of that tester does not exceed 1 per cent of the actual load. The
results obtained are shown in Table (4).

(ii1) Rste of Abrasion (%)

The fabrics were tested by means of Turbo Wear Tester using lmpel-
ler Tumble Method. For testing the abrasion (percentage loss of weight due to
abrasion), the faollowing conditions were used: Tested specimen 5 x 5 cm, abra—
sion time, 5 min and mumber of specimens from each sample, 10. The results
obtained are shown in Table (4).

2=3~3, Filtration Properties:

The selection of fabric filter media depends to a great extent on
many primary factors such as: filtration efficiency ( 7 ), pressure drop { &P),
filter performance ( ¥ ), filter efficiency per unit mass { 7/M) and specific
cake resistance (K) and dust emission or outlet concentration (Co).

(i) Filtration Efficiency (%)

The measurement of filtration efficiency of fabrics 1s the main
object of this work. It 1s tested on the apparatus shown in Fig. (2) and
reference [9] , where volumetric flow rate in the apparatus 1s kept constant
at 183 cm?/sec (11 litre/min) through area of test filter equal to 15 em? for
three minutes using a very fine dust (32 u). However, filtration efficiency was
obtained by weighing the amount of collected dust on the main filter and on
a Filkration paper through which was passed the full flow of air 1ssuing from
the main filter. Filtration efficiency ( %7 ) was determined from the follow—
1ng expression:

M
M (%) = (——=—) x 100, e (2)
M + M
c p
where Mc and My are the weights of dust cqllected on the main filter and
filtration paper, respectively.

~ ~

- oipe Q @ ORORORO DRCROROROROR0
249~ requlator ’ ==T ‘ \\ |
3410~ flowmeter ﬂ %{ / rl] < l 5
4&11—pressure gauge 1 : / / ! 4 N
5— fabric sample ‘ i f‘ ‘ ﬁldﬁ-———-q
6&14~valve ] ﬂﬂ t-,-l . ! i
7— manometer e éj 4 [ i !
8 blower ! 1! o
12— filtration paper if = o
1% dust feeding device L HﬁiZ? |

i 2 *F

A

Fig. (2): A Schematic diagram of gas f1lirabion apparatus.
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Table (4): Measurements of Mechanical and Filtration Properties of Main Experiment

Samples
- - - -
Mechanical Properties Filtration Properties
Sample |Sp.w.r.,| Surstin Rate of | T, AP, K, Cos
P P ' ptessucg. abrasion, mm of 3 /M (N.sec/ 3

Code ((Q/tex) | (Kg/emZ) | (%) (%) |water g.cm) | {(g/cm”)

1A | 8.84 5.6 4.7 86.8 | 2.0 |10.140 {0.439] 0.134 |0.691x 1077

2A 7.74 21.4 8.0 96.2 | 38.8 0.941 | 0.288 | 3.000 | 0.042

3A 6.26 9.15 11.3 B84.3 6.0 3.090 |0.446 1 1.205 | 2.407

4A 7.84 21.0 5.2 92.9 | 30.0 0.879 |0.265] 1.384 |0.303

SA 10.45 10.7 4,4 85.4 3.0 6.409 | 0.4251 0.092 | 1.061

6A 11.45 22.6 4,0 97.6 9.8 3.789 [ 0.283 | 0.454 {0.576

TA 6.82 9.32 8.2 88.2 3.4 6.281 1 0.408 | 0.191 1D.570

8A 10.90 23.5 2.3. 91.7 19.2 2.440 ) 0.255 0.590 0.315

1B 2.9 7.3 5.5 90.6 4.6 0.460 |0.360| 0.38% 1 0.291x 10/

28 2.4 9.8 8.7 96.6 | 23.6 1.433 | 0,234 | 0.4D08 10.315

38 2.3 6.3 8.3 90.9 6.6 3,615 10.395]10.047 [0.796

48 2.4 10.3 9.4 90.8 | 21.8 1.0%94 10.212 | 1.420 |D.2D6

B 2.6 7.3 7.7 86.2 4.6 ) 4.305 [0D.328)0.368 |D.449

6B 3.0 1.4 5.1 96.5 | 11.8 2.841 |0.231 | 0.428 |0.188

78 2.2 6.2 B.8 BS5.0 6.0 3.162 1 0.339 | 0.064 |0.242

88 2.6 10.4 4.5 92.0 | 11.2 2.255 {0.205 | 0.677 |0.24%

1C 5.46 - 13.0 7.3 79.2 3.0 5.234 [ D.453 | 0.045 |1.558 x10~7

2C 5.13 16.2 10.4 98.6 8.6 | 4.964 [0.306 |0.021 |1.261

3C 4,62 10.0 9.9 84.5% 4.4 4,208 | 0.4B7 | 0.029 |9.462

4c 5.18 16.1 7.2 91.5 7.2 3.424 10,2731 0.054 [0.533

5C 7.01 13.3 4.3 85.2 3.0 6.368 [0.463 | 0.042 13.754

&6C 5.98 19.9 5.0 97.4 5.0 7.299 [0.301 |{0.030 [1.055

7C 4.87 9.7 9.5 96.2 3.8 B.606 |0.540 | 0.0271 |2.061

8C 5.5%4 19.4 4,4 95.3 5.0 6.115 {0.272 | 0.047 [0.582
Conv. 1.36 22.97 45.4 95.92 9.0 3.554 |0.522 | 0.522 |0.444 X |D~?
Fiiter

awnable.

tes.

{1 mm of water

filter.

of those that penetrate the filter.

{i1) Pressure Orop { aP)

Pressure drop 15 an important parameter in the design of tubular
filters and for practical ressons must fall within prescribed limits.
limits control, to a large degree, the filtration efficiencies that are obt—
Raising Lhe pressure drop improves the filtration efficiency ( 7 )
and thus reduces the number of dust particles that peretrate the filter.
This implies that any increase in the value of filtration eff}CLency wou ld
require a somewhat larger 1ncrease in the pressure drop and filter mass. In
the filtration experimenls the pressure drop was registrated for three minu—
Pressure drops were determined in mm of water using filtration appara—
tus. 1n which water manometer and an air—flow rate of 183 cm3/sec was used.

= 9.8 Pal.

(i11) Filter Performance ( %)

These

Sewveral criteria may be used to evaluate the performance of dust

Percentage fillration efficrency ( 7. gives a direct measure af the
proportion of dust particles retayned by Lhe filter and an 1ndirect measure
However, ( 7 ) fails to account for the
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effect of filter parameters, such as pressure drop and mass, that are of
ymportance 1n filter design. Chen [10] derived the following relation bet—
ween filter &fficiency ( 7 )%and pressure drop ( aP) as 3 criterion of filter
performance:

¥ . Zin (1= e (3)
AP

where ( AP) 1s a pressure drop in cm of water.
A higher value of ( ¥) denotes a more effective filter.

{(iv) Filter Efficiency Per Unit Masa ( T/M)

Filter performance can aiso be based on the filtration efficiency
per unit mass of filter material ( M1 /M)}. For a qiven fibre type, this expr—
essian affords an assessment of Lhe collection efficiencies af the individual
fibres and provides a basis for comparing the cost of Filters that have equi—
valent filtration efficiencies. In this work, the above terms have been
employed to define the performance of dust Filters [111; where M 1s the wei—
ght per unit srea of the Filter fabeic, g/me.

{v) Specific Cake Resistance (K)

The Filter drag 1s defined as the pressure drop ( AP) divided by the
Face velacity (V). The face velocity is given by [12]:
V = -%— y em/sec idees (4)
where Q 1s the volumetric flow rate through the Filter, cms/scc and

A 1s the area of filter, cm

The effectise drag ( AP1/V) 1s defined as the drag after the filter
has been stabilized. It was measured at the beginning of the filtration pro—
cess. The terminal drag ( APF/V) was measured at the end of the filtration
process (3 minutes). The spec:ific cake resistance (K) may be written as fol—

lows:

S (APF/VY~{ APL/Y
Kz—= SLATAN y N.sec/g.om ...l (s)
W Me/A

where S is the drag (N.sec/mj), and y
W 1s the mass of cake per unit area {(g/em”).

(vi) Dust Emission or Dutlet Concentrastion {{a)

The outlet toncentration (Lo) 1s the ratic of the mass of dust
passed by the filter to the volume of gas passed during a Filtration cycle.
It may be expressed as follows:

Co = Mp/Q.tc, g/cm} ...... (6)

where tc 1s the time of filtration process {sec), and
Mp 1s the dust mass passed by the main Filter {(gram).

Dutlet concentration was evaluated at the end of the process of filtra—
tion (3 min.).
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3. RESULTS AND DISCUSSION
3~1. Experimdhtal Analysis? - -

The results obtained for mechanical praperties: specific work of rupture,
bursting strength, rate of abrasion and filtration properties: filtratien eff—
iciency (7 ), pressure drop ( 4P), filter performance (¥ ), filter performance
per unit mass (7 /M), specific cake resistance (K) and dust emission or outlet
concentratian {Co) listed in Table (4) were fed te IPM Computer, and regress—
1on coefficlents were determined. The coefficients were tested for signifi—
cance at the 95% significance level. The response—surface equations for the
various fabric properties are given 1n Tables (5=7) with the correlation
coefficients between the experimental values and the calculated values obta—
tned from the respanse—surface equation. The respanse surface agrees fairly
with the experimental data as can he seen from the high correlation coeffici—
ents. Contour maps and three — dimensicnal plots of the effect of tightness
factor and twist multiplier on the mechanical and filtration properties far
both polyesker and cotton fabrics were constructed by using the response —
surface equations. To upderstand this interaction, the graphical presentat—
10n shown 1n Figured (3—=56) was used. Such dependence can be represented as
shown by a surface i1n a three — dimensional plot for a two—factor interaction,

}-2. Parameters That Affect The Filter Behaviour:
3-2-1. Polyester/cotton blend percentage:
{i) Interlock Structure

Figures (3 — 20) shaw that the specific wark of rupture, bursting
strength, rate of abrasion, filtration efficiency ("), pressure drop ( &P),
filter performance (¥ ), filtration efficiency per unit mass (7 /M), specific
cake resistance (K) and outlet concentration {Co) for cottan knitted fabrics
at the level {X) = —1) and for polyester knitted fabrics at the level(Xq=+1}
using interlack structure. Polyester knitted fabrics, as expected, show high—
er specific work of rupture, bursting strength, filter performance (¥ ), fil—
tration efficiency per unit mass (" /M) than cotton knitted fabrics. Also
polyester knitted fabrics show lower rate of abrasion, pressure draop, specific
cake resistance and outlet concentration than cotton knitted fabrics. The
effect of fibre type on filter behaviour can be interpreted in terms of the
change of crump level. Use of crimped fibres (polyester) rather than uncrim—
ped fibres (cotton) improve drag characteristics. Also high tenacity and
breaking extension of polyester fibces improve the mechanical properties.
Also cross—sectiaonal shape of mature cotbton fibres is nearly round such as
the round cross—sectional of polyester fibres. TJTherefore, the filtration
efficiencies of hoth cotton and polyester fabrics are nearly the same. At
the equivalence of filtration efficiency and reduction 1n filter mass of pol—
yester fabrics compared with cottan fabrics explain the increase i1n the value
of (1/M). Also when using 100% polyester fabrics rather than 100% cotton
fabrics leads to decreasing the dust emission or outlet concentration (Co).
This may be due to the presence of crimped long fibres of polyester.

(ii) Pile Fabric Structure

The plots in Figures {21—~38) show the effect of fibres Lype
(100% polyester at the level X1 = 1, 100% cotton at X4 = —1) on the specific
work of rupture, bursting strength, rate of abrasion, filtration efficiency
(%7, pressure drop (AP, filter perfnrmance ( ¥ 1, filtration efficiency pec
unit mass | T1/M), specific cake resistance (K) and outlet concentration (o)
for loop—ptile structure. Pile fabric was the first structure considered
appropriate for dust filtration, because it had a low air permeability and
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Table (5): Respanse—surface fqustions For Interlock Structure
Response — surface Equations ™ (r)

yq = 8.813 + 1.648 X, + 0.670 X, + 0.099 X5 + 0.045 XX, + 0.215 X, X3 0.9789
- 0.212 XZX3

y, = 15.913 + 0.695 X1 + 6.213 X2 + 0,172 x3 + 0.230 X1X2 + 0.315 X1Xj~ 0.9999
— 6.750 sz3

¥y = 6.075 — 2.1 X1 - 1.075 x2-0,15 x3+-0.5x1x2-0.225x1x3—-0.asx2x3 0.9717

Y, ® 90.374~0.004 x1 +4.199 X2—1.816 X3+D.061 X1X2—D.O’M Xl)(}— 0.9911
—0.&81)(2)(3

Yg = 12.9~6.65 X] +9.30 XZ—D.S X3—5.55 X1X2 +0.95 X1X3—-1.S X2X3 0.9945

- 4 — —— — .

y6 = 4,234 +1.461 X1 2.24!)(2 1.029)(3 0.334 X.TXZ 0.241 X1X3+ 0.9994
+ 0.701 X2X3

y7 = 0.354—-0.001 X1—0.D79 X2~D.DD’I XB—D.DDQX,lxz—-D.DO& X1X3 - 1.9970
~ 0.009 x2x3

yg = 0.881 — 0.564 X1 + 0.474 X2 - 0.063 X3 - 0.2 X1X24-0.087X1X3—— 0.9235
- 0.307 XZXJ

Yg =(0.746 — 0.084 x1 —-OLfSS X2 + 0.276 Xy + 0.224 x1x2-0*249x1x3«- 0.9851
- 0.276 X,,XB Yy X 1D

high dust retension due to its unique structure.

{t 1s clear that when using

100% polyester fabrics increase the specific work of rupture, the bursting

strength and filter performance (") significantly. Also these figures 11lu—
strate that rate of aprasion, filtration efficiency (7 ), pressure drop (8 P),
specific cake resistance K} and outlet concentration (Co) decrsase when us—
ing 100% palyester fabrics. But the improvement in filtration efficiency with
increasing in filter mass explain the equivalence in the value of (" /M) for
soth polyester and cotton knitted fabrics. When using 100% cotton knitted
fabric the value of filtration efficiency incresses compared with 100% poly—
ester knitted fabric. This may be due to the higher hairiness of the cotton
yarns especially with the help of loop~pile structure.

(iii) Single Pigué Structure

Figures (39 — 56) show that both the behaviour of single piqué str—
ucture 15 very similar to the loop—pile structure with regard to all of mech—
ani1cal and filtration properties except specific cake resistance. Also type
of fibres has no effect on specific cake resistance. This may be due to the
higher Fibre diameter of polyester fibre the lower specific cake resistance.
In additian to this, the.collected mass of dust when using polyester fibres
1s less than cotton kmitted fabrcis. Because filtration efficiency of poly—
estec knitted fabrics 1s less than cottan kmitted fabrics. Thus the reduct—
10n 1n specific cake resistance and reductaon in filtration efficaency due to
coacse fibres (polyester fibres) explain the equivalence in the value of (K)

for both polyester and cotton knitted fabrics,
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3-2-2.T1ghtnesgs Fsctar:
(1) Interlack Structure

- The plats 1n Figures (3 — 28) show that the specific work of rupt—
ure, bursting strength, abrasion rate, filtration efficiency (1 ), pressure
drop (A P), specific cake resistance (K) increase, but filter performance(¥ )
and filtration efficiency per unit mass ( ?/M) decrease as fabric tightness
increases when using 100% polyester fabrics at the level (Xq = +1) and vice~
versa for 100% cotton fabrics except filter performance (¥ ) and filter effi-—
ciency per unit mass ( T/M) decrease too. The effect of tightness factor on
filter performance can be interpreted i1n terms of the change of fabric bulk
(the reciprocal of fabric density) and the ratio of fabric thickenss to loop
length. And using low fabric bulk results in reducing filter performance
(¥) and ( T/M). Also because of the high value of loop shape factor (course
density/wale density).

(ii) Pile Fabric Structure

Figures (21 — 38) show that the specific work of rupture, bursting
strength, filtration efficiency (1), pressure drop (aP), filter performmnce
{¥) increase, but rate of abrasion, ( %/M) and specific cake resistance (K)
decrease when using pile fabric structure for 100% polyester fabrics rather
than interlock. The value of filtration efficiency per umit mass (T /M) dec—
reases because of the higher surface density of the pile fabric compared with
the light interlock. But the disadvantages of 100% cotton include the higher
rate of abrasion and specific cake resistance (K).

(i11) Single Piqué Structure

The plots 1n Fiqures (39 — 56) show that for single piqué struc—
ture with using 100% polyester fibres specific work of rupture, bursting str—
ength, filtration efficiency (7 ), pressure drop (A P), filter perfarmance
(¥ ), specific cake resistance (K) and outlet concentration (Ca) 1ncrease with
\ncreasing fabric tightness factor. This may be due to the space between the
front and back of the fabric. Simillary, rate aof abrasion and filtratian eff—
1ciency per unit mass ( T /M) decreases with increasing tightness factor. The
results obtained in the case of single piqué structure can be therefare com—
sidered to agree fairly close with the abtained experimental results in the
case of pile fabric structure. Thus, far the three studied structures, when
using polyester knitted fabrics they give the langest surface life and the
best filter performance compared with the cotton knitted fabrics.

3-2-3. Twist Multiplier:
(1) Interlock Structure

The plats 1n Figures (3 — 20) show that far 1interlock structure
with using 100% polyester, specific wark af rupture, bursting strength incr—
ease with i1ncreasing twist factor. This may be due to the close packing of
loops 1n the case of hightwisted yarn (twist multiplier 3.5). But filtration
properties ace distorted with tncreasing twist factor. But when using 100%
catton knitted fabric, there 1s a marginal effeckt of twist level on both mech—
anical and filtration properties. This may be due to the hardness of this
structure, which the loops on the face are opposing those on the back.

(11) Pile Fabric Structure

Figures (21 — 38) show that when using 100% polyester fabrics, mech—
anical propecties are distorted with 1ncreasing twist factor but the vice —
versa when using 100% cotton fabrics. This may be due to increasing the 1m—
clination angle of palyester fibres on the yarn ax1s when increasing the twist
factor, this led to weaking the yarns. But filtration properties improve with
increaswng twist factor. This may be due to reducing aic volds between the
fibres themselves alsa the pile loops capture the particles of dust easily.
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lable (6): Response—surface Equations For Pile Faebrics

Respon®®—aurface Equatihs had (r)
¥y © 2.55 + 0.255 )(1 + 0.05 xz - 0.075 X} - 0,025 X1X2 - 0.1 X,IX.; - 1.000
- 0.025 sz}
¥y = 8.625 « 0.475 x1 + 1.85 X2 - 0.050 X3 - 0.05 X]XZ - 0.20 X,‘X}— 0.9959
— 0.075 XZX3
vy = 7.25 — 1.55 X1 ~0.325 X2 + 0.225 Xy~ 0.575 X1X2 + 0.175 X1X}— 0.9603
- 0.2 X2X3
Yy F 91.063 + 0.262 11 + 2.913 X2 -1.112 X} + 0.013 X]X2- 1.115K,‘X3— 0.9297
— 1.463 X, X
273
Yg = 11.275 —~ 3,225 X1 + 5.825 X2 - 0.225 )(3 - 2.375 X‘GXZ + 0.9995
+ 0.075 X1X} — 0.37% X2X3 .
Vg = 2397+ 0.077 X, = 0,491 X, + 0.423 &5 % B573 X,x,40.39 X x5 | 0.9310
- D.654 X2X}
¥y © 0.289 — 0.006 )(t -~ 0.069 Xz - 0.001 X3 + D.DD6 X1X2— g.a1t X.I)()— 0.9876
— 0.009 X2X3
g = 0.476 — 0.009 X1 + 0.259 Xz + 0.154 X3 - 0.1 X’Xz— 0.096X1X3+ 0.9728
+ 0.161 X2X3
g ={0.344 — 0.045 X1 - 0.101 Xz + 0.084 )(3 + 0.026 X1X2— 0.029 X1X3— 0.9257
= 0.09 X,Xy) x. w07
Table (7): Response—surface Equations For Single Piqué
Response — surface Equations {r}
yy = 5.474 + 0.524 Xy~ 0.016 X, + 0.114 Xy = 0.221 XXy + 0.164 X Xy — 0.9125
- 0.211 X2X3
¥y 3 14.7 + V.7 X1 + 3.2 Xz + 0.05 X.IXZ - 0.05 X1XJ - 0.15 XZX} 0.9999
Yy = 7.245 — 2,005 X' - 0,505 X2 - 0.795 X} - 0.055 XIXZ— 0.095 X1X,— 0.9469
— 0.145 J(,‘,X3
Yy = 90.963 — 1.688 X1 + 4.738 X2 - 1.887 X3 + 2.338 X1X2+2.862 X.IX}— 0.9709
- 0.413 XZX}
Yo = 5 - Xy + 1.45 Xy — 0.10 X; ~ 0.45 x‘xz + 001 XXy = 0.25 XXy 0.990%
Y = 5.778 + 0.478 X1 - 0.327 Xz - 0,748 )(3 + 0,783 X1X2+ 0.737 X1x3+ 0.9113
+.068 X2X3
¥y = 0.386 — 0.016 X.I - 0.09%9 X2 - 0.014 X} + 0.014 X1X,,+0.009 X,IX}- 0.9981
- 0.004 X2X3
Yp = 0.035 « 0.005 X.I + 0.003 Xz + 0.008 X3 - 0.003 X‘X2~O.DOSX‘XS+ 4.9999
+ 0.005 XZX‘
12 =(2.531 — 0.796 X1 - 1.674 Xz + 1.049 X) + 0.756 X1X2— 0.619X’X3- 0.9695

- -7
1.349 X2X3) X 10
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(1i1) Single Piqué Structure

- The plot in Figures (39 — 56) show that when using both 100% poly—
eater and 100% cotton knitted fabrics, specific work of rupture incrdases as
yarn Lwist factor increases. This may be due to the increase of normal pres—
sure force on the yarn axis and consequently the cohesion of fibres within the
yarn. But filtration properties of 100% polyester knitted fabrics tend to
move as yarn twist factor increases compared with 100% cotton fabrics. This
may be due to linking the front and back loops. Also when air pressure 1s
applied, thecefore, both sets of laaps opposing each other are compressed and
due to the space between the fronL and back of the fabric. Also 1t 1s more
eagy tc compress these than the rest structures.

3~3. Mathematical Solution:

By using the computer all nine nanlinear equations for each structre
are solved and one result could be printed as one optimum solution for the
nine ecuations. Table (8) shows the typical computer solution for the nine
equations.

Thus, these computed optimum factors can be used to design a new tub—
ular filter for protecting the workers in spinning mlls from the air polla—
tion.

3-4. A Comparison of The Performances of Knitted and Conventional Woven filters:

From such study perfarmance properties of filter fabrics can be divi—
ded inta two qroups: positive propecties such as specific wark of rupture,
bursting pressure, filtration efficiency (7 )}, filter performance (‘%) and
filter performance per unit mass (7 /M); and negative pcoperties such as rate
of abrasion, pressure drap (AP}, specific cake resistance (K) and sutlet com—
centration (Co). Relative characteristics af each property could be calcula—
ted by the fallowing equations and listed 1n Table (9 ):

positive relative characteristics (q) = —Yli—— . A7)
“max

and negative relative characterastics (q) = ——%iﬂ— ...... (8
1

~where X,—typical value of each property;

X minimum and maximum values of each property.

X
atn’ “max—

Table (8': Salution of Equations For Each Structure

Structure Interlock Pile Fabric Single Piqué
Level Value Level | Value Level Value
Opt 1mum X, 1.0 |100% Polyester| 0.5 |75% p,25% c | —0.8 |10% P/90% C
Factors | %2 0.2 14.514 0.2 12.056 1.0 21.73
Xy | 0.8 3.05 0.9 | 3.475 —1.0 3
Y, 10.387 2.562 5.440
Y, 18.587 8.376 16.610
Y5 4.29 6.915 9.164
Corresponded y‘\l 92.763 g29.361 99.770
Paramelers | vo 6.960 8.149 8.040
. Ye 6.083 5,149 5.712
Y5 0.343 D.295 D.314
vg 0.385 0.503 . 0.021
Yg 0.646 x 10 0.417 x 10 0.692 x 10
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The me¥hod chosen here to represent the res#ts graphically wes the
use of a polar diagram. Each property chosen as contributing to the total
expression of the performance of a filter fabrlc was allocated a radial axis,
upon which were plotted the relative characteristics obtained from testing
the fabrics as shown 1n Table (9 ) and Fig. (57). The values plotted were
joined by using straight lines to produce a profile for each fabric tested.

Therefore, this plot can be used for assessing the guality of diffe—
rent filter fabrics by calculating the polygon area for each structure. An
inclusive coefficient of filtration performance (1) can be calculated as fol-—

lows:
= (&/ S e (9)
I= LA/Amax) x 100, %
where  A- polygon area of every structure at various properties with nine

triangles (F1g. 57) and 1t can be calculated hy the following

formula:
’ L J

A= 0.5 {S51n 360/9)(q1q2 + GyQ5 + Q39 + 9495 + Qg0 + 9597 + q?dg +
agldg + 998y ) e (10
Amar_max. polygon area when 9y =9y = G3 = 9= dg = g = Gy = gg =
=1, 1.e. (A = 2.893)
max

»~

99

For selecting the best fabric structure the suggested method mentioned
above (polvgon area) could be applied as shown in Table (9 ) and Fiq. (57},
The results obtained show that interlock structure made of 100% polyester
fibres with 14.51 tightness factor and 3.05 &Xe twist multiplier has the high—
est filtration performance compared with the other structures. IThus inter—
lock structure exhibits much greater filtration gerformance than that of com—
parable fabrics.

Also both knitted and conventional woven filters were used as a filter
meterial 1n a domestic vacuum clesner which has maximum dust extraction effi—
ciency at a relatively low pressure drop and 1s not costly. The values of
filtration efficiencies (7 ) and (7 /M) obtained for the conventional woven
and knitted filters could be comgared as listed 1n Table (10). Filtration
efficlency was measured using Japanese vacuum cleaner and actual fly and dust
extracted from the opening and cleaning lines. The values of filtration effi—
ctency (7 ) show that the knitted filters are more effective 1n retaining fly
and dust especially sample (2A) which has 59.5% filtration efficiency.

Table (9): Relative Performsnce Characteristics of Filter fabrics

Relative Fabric Structure
Propecty Interlack Pile Fabric Single Piqué Conv. Woven
4, 1 0.247 0.524 0.131
9, 0.784 0. 365 0.723 1
9y 1 0.621 D.469 0.095
Q, 0.930 0.896 1 0.961
g, 1 0.854 0.866 D0.77%
ag 1 0.518 0.939 0.584
q7 g.722 0.620 0.661 1
dg 0.055 0.042 3 0.040
Jg 0.645 1 0.602 0.9389
Polygon Area {A)| 1.887 i 0.873 1.628 0.738
(ry, % 65.2 l 30.2 56.3 25.5
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Interlock
---------- Pi1le Fabric

— .~ —.~—. Single Piqué

________ Conv. Woven

F1g.-(57): Product—qualtty Polygons For Relative Characteristics 1n lable(9)

Table (10): A Compartison of The Performances of Knitted and Caonventional Waven

Filters
Sample In Laboratory Test In Qperating Conditione
Cade 1, (%) /M \ h ", (% /M
2A 96.2 D.288 99.5 3.298
4A 92.9 0.265 96.6 0.276
48 90.8 0.212 91.7 0.214
SB 86.2 0.328 88.3 0.334
78 8s5.0 a.339 90.6 a.361
8B 92.0 0.205 94.6 0.21
3C 84.3 n.4B87 86.5 0.50G
4C 91.5 a.273 94.0 a.280
Conv. 95.9 0.475 96.56 0.478
Filter _J L

4. CONCLUSION

From the resulls obtained in the present work, the following conclus—
tons can be drawn cutk:
1— Knitted fabrics made of 100% polyester fibres offer properties different
frem those of all—cotton fabrics, to an extent depending on the type of
structure.

2— The using of 100% polyester knitted fabrics provides a remarkable i1mprove—
ment t1n both the mechanical and filtration properties compared with 100%
cotton fabrics.

3—- Bolh tightness factor and twist multiplier affect to a great extent on
mechanical and filtration properties.

4— For all polyester structures, specific work oi rupture, bursting pressure,
filtraticn efficiency, pressure drop and specific cake res:stance incre—
ase bul filter performance ( ¥ ) and filtration efficiency per unit mass
decrease as tightness factor increases. Conversley, rate of abrasion decrea—
ses and filter performance ( ¥ ) increases as taightness factor increases esp—~
ectally for both pile fabric and single piqué structures.

S5 Twist multiplier of knitted yarns affects with a different trends an agth
mechanical and filtcation properties according Lo the type of structure.
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6— The filtration efficiency of the fabric composed of 100% polyester 1s .
higher than the filtration efficiency of 100% cotton fabric by about 0.047
for interlock®structure andw®.7% for pile fabric and-# 6% for single pigque
structure.

7— Conventional woven filters had high dust emission as well as high pressure
drop, which were not considered to be acceptable for efficient filters.

8— The maost suitable structure 1s interlock which has a max filtration effi—
ciency at a relatively low pressure drop and 1s rot costly. But the aother
structures are less efficient dust extractors and have a larger pressure
drop on the fabric which makes them less suitable for extracting dust from
the air.

9- Filter fabrics must meet specific requirements so that the development and
the production of new filter materials for tubular F;lter sleeves 1s of
considerable 1mpartance for the improvement of the filtration process and
for a reduction i1n 1ts cast.

A
10— The dust—reterdtion efficiencies ofimterlock knitted fafirics were consi—
derably higher than those of Lhe conventional woven fabrics.

11— An 1nterlaock knitted fabric (sample 2A) composed of 100% polyester, 17.47
tightness factor (20 Ne yarn count, 0.31 cm loop length) and 3 X e twist
multiplier 1s well suited for manufacturing cylindrical filters.
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