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STRUCTURE OF NEW TYPES OF FILTER BAGS
OUT OF TEXTILE WASTE
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ABSTRACT: The structure of needle punched nonwoven fabrics gut gf
textile waste has been studied in terms of packing density coeffici~
ent (@), proportion of pore (%), energy absarbed index (b), fibre
orientation, i.e local vector 0O = {0, 0, 0.), and inclination

angle of filteration channels rasultexd from nzeedles punching (BV).
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The results indicated that the increase of punching density was acc-
ompanied by a drop in inclination angle (8 ) and/or filter efficiency.
It was found also that the nonwoven filter bags are better than woven
felter bags from the following points of view, caost of 1.0 mZ, air
permebility, working temp., energy absorbed index, proportion of pore,
packing density coefficient, and filtration efficiency. On the other
hand the woven filter bages are the best of all tested filter bsgs
from serivce life point of view.

1. INTRODUCTION
l1-1. General:

Attension is presently directed to open the waste obtained from
the cotton and or wool garment manufacturing and utilized as suitable
material for furniture pading, mattresses snd quiltes. Lung/3/ and
Painner /4/ show the economic of utilization of textile waste.

Pederson /5/ suggest that the garment waste can be used for pre-
ssed felts, peadding, packing wall papers and also for upholostry.

The recycling of fibre and waate textiles provides an important
contribution to world textile output. The last decade has been a
move in the fibrere-cycling industry from the U.XK. to Italy, India,
and South Korea, while the quality of many Italian products (wooll-
ens) produced from recycled fibre has made them very competitive '
problems of sorting and dyeing mixtures of recovered fibres have
increased with the increasing use of synthetic fibres /6/.

A number of publications /7 and 8/ relating to nonwoven fabrics
and their uses are avsilable, but informstion on the use of rag was-
tes, and related fibres for nonwoven is scanty.

The present work is a furtherance of the above studies in diff-
erent aspects and given some details (Know how) of the process.

1-2. Typical Sources of Waets:

- gsoft and hard waste from spinning,. weaving and knitting mills.

- manufacturers waste coming from man-made fibre plants.

- regenerated waste out of edge-cutting of nonwoven industry.

- reclaimed waste out of used apparel fabrics, (so-called shoddy).
~ miscellaneous waste.

The properties of any material depends on it's constituents
and distribution of basic molecules, this is what we call structure,
According to the size of these constituents the structures are divi-
ded to: (a) micro-structure, and (b} macro-structure. The properties
of non-woven depend primarily on the properties of the raw material
from which it has been formed, the properties of the adhesive used,
the type and form of the binding points or bonds, also the shape of
these points.

Many investigations have been carried out by different authors
to examine the effect of these parameters on the properties of the
non-woven fabric /1,2,9,10,11,12,13 and 15/.

This means that till now no objective method is available that
could be used to define the non-woven structure, without intermedi-
ate relationship that describes the physical and mechanical proper-
ties of non-woven fabrics.

L]
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The industrial Fabrics represents about 25-30% of the world
fFabric production /15/, and it serves the following Fields:-
agqriculture, building industry, civil engineering, sports, medical
purposes....etec.

Filter Fabrics are considered one of the best examples for the
use of nonwoven fabrics in the imdustrial applications, especially
it serves the following scopes:-

a) chemical and medecine industries.

b} food industries (sugar, milk, canned food, fats...stc).
c) ceramic and porcelain industries.

d) paper industry.

e} cement industry.

f) filteration of mineral oils.

g) workshop machines industry and others.

The textile Ffibres used in the manufacture of industrial fabr-
ics (filter fabrics) may be natural fibres such as cotton and flax.,
also synthetic fibres such as polyester and polyamide, and this is
accgrding to end use.

In filter fabrics beside it should be strong it should be also
of high resistance to abrasion, high filteration efficiency (high
air and water permeability in the case of gas and liquid filterat-
ion), high retention of soil particles, low deformability, of smoath
surface and of high chemical and thermal resistance.

1-3. Our Main Objectives Are:

1- enhance the capabilities of Mansoura University, Textile Dept.
members involved in applied research.

2- assist the textile industry in solving the technical and econom-
ical prablems facing this industry, and

3- strengthen the tie between academic researches and industrial
specialists.

2- Recyecling of Cotton Fibres im Soft/and Hard Waste Form:

The recycling of fibres from soft/and hard waste presents sev-
eral possibilities., This requires the breakdown of finighing wastes
into constituent Fibrous materials by the cutting, garmetting, scou-
ring and bleaching, drying, aerodynamic web formation, and then
chemically reinforced. Having done this, and knowning the chemical
nature of the mixture, several processes for nonwoven formation are
avallable. Considering the quantity of waste cotton and viscose
available this could make a major contribution of the reuse of cel-
lulosic materials in sheet form. The scheme of cellulosic fibre
recovery from both soft and hard wastes can be summarized as shawn
in Figure 1.

The work described in this paper aims towards the presentat-
ion, prediction, and understanding of the physical properties of
nonwoven fabrics out of textile waste which must precede attempts
to modify and control the properties to meet the demands of the user.
As a first step in gaining this knowledge, the properties of several
commercially available fabrics have been examined. In this way, we
shall help to place nonwoven fabrics out of textile waste on a firm
basis of physical engineering design.
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Nonwoven Fabrice For Various End Uses.
Fig. 1 Shows Fibres Recovery From Soft/and Hard Waste Out of Natural Fibres.

Table 1

Physical snd Mechanicsl Properties of Cotton Rags

- Mass/area 200 (g/mz)
- Fabric Structure Plain weave 1/1
42 x 82

-~ Density/inch.
30/2 x 30/2

Physieal and Mechanical Propertiee of Racycled Catton Fibreas

Length Strength % Damage Quality
{mm) (P.I) (%) Number
(%)
Virging Fibres 37.5 9.9 4.6 93

flecycled Fibres 15.0 4.3 43 55
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3- Experimental Arrangement and Technique:

In advanced industrial countries much felt production is done
by needle punching. This technique eliminates some of the deffici-
encies of conventional woven felts, such as low dimensional stability,
low water permeability, watermarks in the paper sheet and last, but
not least, rather short service life.

The support of the needle felt is usually a loosely sett woven
fabric, made preferably of plied yarns, into which a fibrous web is
needled. The fabric weave is a 1:2 warp rib which provides firm in-
terlacing of yarns. The support fabric is fed, well tensioned, to
a needle-felting machine where a fibrous web 1s laid on it by a hor-
izontal laying system. The fibres in the web are arranged crosswise
to the direction of the run of the felt. The support fabric carry-
ing the fibrous web passes through the needling machine to be rein-
forced by needling. The fibres in the web are oriented horizontally
and the needles penetrate the caomposite vertically. Thus the fibres
caught be the needle barbs are needled vertically in the web struct-
ure and anchared in the support fabric. The usual needling density
is 60 to 90 needle puncher per 1 sgq. cm, and possibly more, depend-
ing on the desired stiffness and strength of the felt,

The finishing of needle felts, confined earlier to dimensional
setting and singeing of the back and exceptionally alsa of the top
of the parameters felt, has been improved recently. The felts are
now bonded with polymer dispersians, mast often with acrylies. Such
bonding agents must be applied very unifarmly and this is a very
difficult task, cansidering the dimensions of the felts whose width
reaches up to 10 m. The impregnated felts are dryed, while stret-
phed ~F ~beer 1700C and set at temperature between 150 and 1609C.

Structure of Industrial Nonwoven Fabrice uue we r@rviie neacs ... oee vIMENSions:

Till now there is no theory that cauld be used to describe the
structure of nonwoven fabrics in three dimensions. It is knawn that
many of the physical and mechanical praoperties of nonwoven fabrics
depend to a large extent aon the method of arranging the fibres with-
in the fabric.

fhe first trial made to study mechanically the structure of non-
woven fabrics in three dimensions is that made in 1984 /19/. Since
the properties of industrial fabrics in general, and especially that
made from waste bhave various applications and serves many industries,
therefore it is essential to study the structure of this new raw
material, but it has not been studied till now.

Raw materials and technique used to measure the structure of nonwoven fabrica in

three dimensiona:

Three types af industrial fabrics manufactured locally fram
cotton waste have been selected for the study. Given in Table 1
the physical and mechanical properties of these samples, also given
the properties of the fibres. The technique described in Ref./19/
has been used for the study of the previocusly mentioned specimens.
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Five cubes of nonwoven fabrlgs has been prepared after immers-
ion in PVC and heat setted at 115°C, and the apparatus in Ref. /19/
was used to cut it in three directions.

Using the light microscape (X 100), the number of fibres in
each face of the cube has been counted to obtain n{(8) and from that
it was possible to obtained the function of the distribution:-

n(8)

g = N creeans (1)
where N is the total number of fibres in each face of the cube.
This has been repeated in the various directions from 0° to 180
and by a step of 15°

4- RESULTS

Sodomka's /18/ equatlons were used to measure the anisctropy(s)
of the SpEClmens tested in this work:-

"max ~ "min
S, = y " veenens (2}
? nrnax M nmin
n -n_.
max min
5 = ceaaaae (3D
4 "max

It is known that the structure is compact and close to the structure
of metals when S = 0, at which we reach to isotropic or arthotropic
properties,. Plotted the block diagram for specimen No. 1 this is
for the function distribution @ and n{B8) for six class-intervals for
each of the five specimens.

The importance of gtudying the structure of NW fabric in three dim-
enaions appears when testing it's performance when used for the pur-
poses of filteration or artificial leather or shoe linings. for
this purpose three types of fabrics of NW fabrics made from waste
{recycled fibres) have been designed and the best of it is tested

in the time being as air filter in the production line in Talkha
Mill (No. 1) for fertilizers. The results of this experiment in-
cluding a comparison between woven fabrics (local and imported) and
NW fabriecs {virgin and recycled fibres) are given in Table 1 and
Table 2.

Fibres distribution in three dimensions may be descriped using
the local victor 0F where: -

0 = (Ox, Uy, Uz) ceeenas (8

Ux is partial fibre orientation in x axis as shown in Fig. 211 - 256

0 is partial fibre orientation in y axis as shown in Fig. 212 ~ 254

Oz is partial fibre orientation in z axis as shown in Fig. 213 - 255

In case of surface fibre orientation the range of values Ox’

Oy, Oz are:

04 0x4$ 1 ieenen. (5)

—
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uéuy<1 e (B)
0§ 0,§ 1 e, (N

“0" value means there are no orientation of fibres in this direction,
while value (1) represents the total orientation in measured direction.

In ideal case we can find that:- r

0x = Oy 2 Uz = 0, means randome fibre orientation ceaaae. (8)
0x = Uz = 1, means cross wise fibre arientation N -2 .
0y = 0z = 1, means horizontal fibre orientation eeeensa(10)
Oy =0 =1, means vertical fibre orientation ceeses (11)
Ux = Uy = 0x = ;? means'both Cross and horizontal
ibre gorientation. ceraeaa(12)

It was found that:
the local victor (Of) according to Sodomka is

0, = S5 = (0.75, 0.82, 0.79) : e (13)

and also

Uf = 5, = (0.85, 0.90, 0.89) ceeeena (18]

It means that the orientation of fibres in the tested industrial
non-woven fabric out of textile waste is a combination of cross and
horizontal fibre orientation and is exisiting in large value.

Figure 3 shows the inclination angle (8 ) of filteration chan-
nels resulted from needles punching and dendity of punching /19/.

Both inclination sngles and diameter of channels are used in
the calculation of the rate of flow of the ligquid through the fabric.

From the figure it is evident that as the density of punching
increases the angle of inclination (8 ) decreases and the efficien-
cy of filtration decreases also. TheYincrease in punching denaity
increases fibre entaglment, hence the channels decreases and con-
sequently filtration efficiency decreases. This concides with the
statement of Iawa and Smikth /20/.

S- CONCLUSIONS AND RECOMMENDATIONS

The use of industrial nonwoven fabrics out of textile waste is
highly recommended as:

- Filter felts for oil-air-fuel-dust collector, and

- Filter bags for cement warks, lime works, metallurgical works,
chemical works, flour mills, siloas and in foodstuff industry,
and contributes greatly to the reduction of air pollution by

these works.



Mansoura Engineering Journal (MEJ) Vol, 15, No. 2, Dec. 1990 T.105

Air pollution, which has become a world problgm, may by sappres-
sed to a minimum when these new types of modern filters clath are
used. More over, no capital expenditure is needed and the efficie-

ncy of filters is increased.

The economical analysis.which sssumed that the weaving surface
laver is constant before and after filteration proved that a reduc-
tion of filter bag cost, when using nonwoven out of waste, is in the
range of 91.6 - 94.3% of the total initial woven felter bag cost.
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Fig. 32 Shows values of (Sv) versus angle of test (600 stitch/cmz).



