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MORE ABDUT NONWOVENS OUT OF TEXTILE WASTES fOR VARIOUS END USES
BY
Dr. ADEL MORAMED E£L—HADIDY, CSc.
Assoc. Prof. of Textile Engineering, Faculty of Engineering, Manscura University
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ABSTRACT

The purpose of this paper is to survey First the sources, guantities
and Lypes of textile wastes produced in Egyplk; secondly to find Lhe suitable
technology for recycling these wastes snd converting it to fibres, and thirdly
to select the suitable technology for producing nonwoven fabric according to
the properties of resulled fibres.

The rag waste has been opened using "CGC" processes to be used in the.
production of shade and soil felts for agriculture; filter felts for dust col—
lector and water for civil engineering; as @ building 1psulation material; a
externally reinforced for concrete besms against impact loadings; and produc—
ing a shoulder pads and interlining paddings for garment industry.

In this way, we shall help to place nonwoven fabrics out of textile waste
on g firm basis of physical engineering design. It is clear that cecycling of
textile wastes will be help alse in the field of envirommental proteciLicn

1. INTRODUCTICN
1.1. Environmental Pratection 8y Recycling Of Textile Wastes:

The problem of the pollution of environmental jis caused by the amount
textile wastes and other waste materials. Being left wikhout any treatment,
those wastes become a source of infection disease. Until now, texlile waste
materisls are disposed of in 2 rather primitive by burning which causes a
pallution of the air, water and soil. WNowadays, recycling of textile wastes
can be recognized in most developing countries, and there is no doubt that it
will be of great help in solving verious problems, like Filter felts for dust
collector and filter cloth faor slow send filters, shade .and soil felts for
agriculture, nonwovens for civil engineerings (Geotextiles, Concrete beams
externally reinforced with nonwovens,... elc.), and shoulder pads and inter—
lining padding for garments.
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Recyc}ing is one of the modern Key—Words of the topic of this paper.
They recycling of fibre and textile wates provides an importtant contribution

‘to world textile output. The textile production represents 30% of the pro—

duction of the whele industry in Egypl, and the amount of textile waste mate—
rials calculates 18585 tons per year. In Mist—Company El—Mehalla El-Kobra
for spinning and weaving the woven fabric waste represents about 1029.6 ton/
year, in El-Nasr Company El-Mehalla El-Kobra it reaches 52 ton/year, snd in
El-Nasr Company Kabo Elexandria, the percentage of hard waste reaches 700 —
2000 ton/year. (1)

The recovery process of textile wastes comprises principally three steps:

i} Preperation of the waste for the opening,
11} Opening of the waste inko fibres, and
iii) Final treatments of the opened Fibre waste.

Each step includes several operabtions which need not always be applied unless
necessacy or desirable technologically, or needed far the sake of quality.
1.2. Recycling Of Textile Fibres In Rags Form:

1.2.7. Prepesration of rags for processing:

Dust cleaning of rags is carried out 1in dusting machines of continuous
and intermittent action. Moreover, the rags are classified into new and old
and according to their colour into white, black, multicolour, and others.
Scouring of rags is necessary if they are badly conteminated and they are not
cleaned at dedusting.

t.2.2, CuttingGarneting—Carding Processes “CGC":

The aim of this process 1is rag opening, dividing larqg rag into smaller
ones and removal of dust with intensive cleaning from impurities. After the—
se pretreatment, the rags are ciled to facilitate the grinding ar tearing up
pProcess.

1.2.3.Preneedling—Drawing—Hydroentanglement (2):

The object of preneedling 1s to:

a) make the web suitable for drawing by reduction and consgolidation of its
volume, B

b) produce pivot points for rotation of the short fibre, and

c) preserve homogeneity of the web and orientation.

The object of drawing may be mentioned at this point:

Controlled reorientation of the fibres, retaining as far as possible the leve—
Iness of the web. To attain uniformity of the batt, it is important that pre-
needling procedes the drafting operation. ’

Test assemblies were subjected to 10, 20, 30 and 40 passes of the hydro—
entanglement (spraynozzle). Thus the nominal externsl pressure level was 4,
8, 12 and 16 bar.

The theory of suggested procedure 28 given in Fig. 1.
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l Various Textile Wastes (Rags)

Preparation of the wastes for the opening
process. (Dedusting; Sorting; Scouring; Drying and 0Oiling).

Opening and final product treatment of opensd Fibres

(Cutting; Garnetting; and Carding)

1
‘ Production of nonwoven fabricsﬁw

(mechanicelly reinforced)

[ — | a

Using needled technique Using hydroentanglement
{Lapping,needling technique {(See Figure 13.

{400 needle/sq. in.) (Lapping—Freneedling—Drawing
) ’ —Hydroentanglement (2—12 bar)

+ Shade and sqil felts {550 g/mz), + Shoulder pade
+ Air and water filteration (71180 g/mz) s + [nteclining fabrics
+ Building insulation (650 g/mz), and (120 g/mz).

+ Reinforcement of concrete (1180 g/mz).

fig. 1: Shows the procedure of producing nonwove fabrics oul of Lextile wastes

for various end used. -

The theory of suggested procedure ;s given in Figure 1b

l CGI1+ lPreneedlingi +|Drawing] + [Double side—hydroentanglement| +

2
(8-125.P.C") (drart = {4, 8, 12 and 16 bar)
doubling}
:
(90°¢) (for various end uses).

Fig. 1: Shows the principles of preneedling, drawing, and hydroentam—
b glement procedure.



T. & Dr. ADEL HOHAMED ELRADIDY,CSC.

2. Use OF Nonwoven Fabrics In The Field OF Agriculturs (3).

In this pact, nonwoven fabrics oul of Lextile wastes will be used as a
medium to support the plank, and {p mainkein the feeding selulion and distri—
bute it evenly between plankts in Lhe case of denze agricullbure, as in the

) cage of corn, bacley and lentil.

Shown in Fhotbgtaphs 2 to & the photographs of corn, barley and lentil,
in various stages of growth, when nonwoven fabric is-used and laid on plastac
mesh, From thesea pholographs one can cbserve that the roolswere able to pene—
trate the nonwoven fabric. The thickness 1s about 2.0 mm.  The height of the
plant reaches 17.7 ¢m in 7 days from the time of planting. The degree of ger—
mination is sbove 90%. The resulbs obtained under outerdoor conditions were
very ¢lose Lo thalk obLained under indoor condilions, where the temperature
was higher by about 7°C — 99C .

By.calculation it was found thal an area of Ffabric equals tp a Fedan
(4200 m") gives 9.96 tons of green plsnts {barley) ab the end of 9 days of
plantation. Generally 1 ¥g of barley seeds gives & Kg of green barley.

iy J_,:‘.,_.‘”,.;_ﬁ’{g{ M 3 .,}»\L 5
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Fig. 2: Corn plankted on pelyester non— Fig. 3: Barley planied on polyester nom—
woven fabric layid on plastic woven fabric lsyid on plastic
mesh, ’ mesh.
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Fig. 4: Lentil plsnted on polyester‘nnn—
woven fabric layid on plastic mesh.
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We would like to mention here that no feeding elements were added te the plant
during the experiment and nothing more than tap water had been added. In add-
ition to this the retention of the nonwovens to water for long perisds reduces
the consumption of water and hence no need to continuous ircigation.

It is now easy to plant on portable medium, i.e. the nonwoven fabrie, any
where and 2t any time.

By using this type of fabrics, there is no need to use chemicals or Loxic
solutions against green grass in between the plants, i.e. decreasing the num—
ber of plants, animais, and people who become diseased and disabled.

3, Use Of Nonwoven Fabrics 1n The Field Of Civil Engineering:
3.1, Filter bags out of Textile Wastes (4)

Air pollution, which has become & world problem, may be sappressed to a
minimum when nonwoven filter clothes sre used. The importance of studying the
structure of nonwaven fabric appears when testing it's performance when used
for the putpose of filteration, For this purpose Lhree types of fabrics 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 tesults aof
this experiment including a compacison between woven fabrics {locsl and impor—
ted) and nonwoven fabrics {virgin and recycled fibres) are given in Table 1.

Table (1): Comparison of Some Properties of Needled Punched and Woven Filter Fabrics.

Fabrics Mess/ Thick— Packing Porogity Hairness Cost*2 Service
ares ness at densikty % {1—) x (g/cmz. (L.E/m”) tife
Properties (g/mz) 24.2 7 g 100 % mm) {monkth)
g/cm
{mem)
1— Needled fFeit 550 2.0 0.199 80.1 10.14 4 5
2— Batt on Base 650 2.8 0.168 83.2 28.30 [ g
3— Needled Reirmr
forced from 1180 13.4 0.064 93.6 195.2 11 15
textile wastes
4— Woven 50750 340 2.4 Q.119 88.0 9.6 70 12
wool/nylon

“The prices given here are these of 1990.

The economical analysis which assumed thal the weaving surface layer is
canstant before and after filteration proved that a reductieon of filter bag
cost, when using nonwoven out of waste, is in the range of 91 — %4% of the
total initial woven filter bag cost.

3.2. Utilizatson DF Nonwoven Febrics Qut Of Textile Westes As A Building
Insulation Material (5).

An effective way of saving energy is to improve the thermal insulation of
buildings. In addition to the need for energy consecrvation, high insulation
standsrds are justified by improved comfort levels and increased building life.
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An experiments were carried out to examine the application ef the non—-
woven insulation material on walls., The nonwoven fabric was fixed direct to
the concrete blocks using steel nails Figs. 5 and 6. The plaster mortar was
spplied on the nonwoven in two ways. The First was by applying the mortar
directly to Lhe insulation material using the traditional method. The sand
cement mortar stiked to the nonwoven with no problems appeared such as fall—
ing or cracking. The second way of applying was by preparing the nonwoven
surface by ardinary plaster base cosk.

. | _

|

7 |

Fig. 5: Steel neits plaster layer. Fig. 6: Plaster layer.
) Plaster base coat.
The nonwoven concrete block

wall.

Sixteen tests and measuremenis were undertaken to study the characteris—

Lics of the nonwoven insulation material (3). The results obtained from the
mensioned tests and measurements were encauraging to use the fabric as a ther—
mal insulalkion layer in building. The thermal conduckivaity of the tested non—
woven out of textile wastes was 0.029 w/mCC which represent acceptable in com—
parison with the other insulation material, as shown in Fig. 7. ODther charac—
Leristics such as flammability, capillary, service temperature, wakter absorpt—
ion and tensile strength were studing (3).
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fig. 7: Therma)l conductivity values of malterials commonly used
for thermal insulation and the tested nonwoven out of
textile wastes.
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3.3, Use DF Nonwavena In Slow Sand Filters (&, 7 end 8):

fhe use aof textile fabrics is a good contribution in slow send filters,

and useful to civil engineering, and truley sn addilion to Lhe technology of
water filteration by this melLhod.

The. nonwoven fabrics used in this parl showed no reaiskance Lo water low
cate in the filter, and it's properties sre suitable for Lhe filteraltion pro—

cess (4.35 ~ 6.52 m3/mZ/day), which considered normal discharge in slow sand
filters.

The following watec properties were measured and evsluated:

1. Turbidity removel (%), 2. Algae removal (%),
3. Bacterial removal (%), 4. Yalues of Alk. and pH,"
5. Coliform removal (N}, &

. Run length (days) eand
Heed logses (Cm).

Figure B shows tha filtered woker properties before end after using nor-
woven febric out of textile weste s a filtering component in the glow gand
filter, to cerry the conteminant leyer and prevent it From precipikstion am
the sand filter without blacking of it's pores, and reduces the cost of remow—
ed sand after each cleaning process for the Fiiter, slso to keep a part from
the contamination layer inside the internal structure of Lhe fabric.

= Jurbidity {%)

(%)

Remaval

fig. B= fig, 8b

Fig. 8¢
Slow Send Filter wikh non— Slew Sand Filter withoul Slow sand Fillec 1n ldeai
woven out,of Lexbile wesle usiNg NolwWoven. working condalions.
2
(1180 g/m").
&P o= 100% o2 9% %P 2 100%

fig. 8: Shows Filtered water properties using slox sand fillers wilh and without vging
nonwgven fabrica.

where &P = —;l x 00, ..... (1) area of polygon in ideal working condilions.

Az
ﬂ\1= area of palygon wn normal working condilbions.
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It has been proved that Lhe quality (ocr the properties) of the raw water
when using packed filter cloth improved remarkably in slow sand filter when
compared with other filters which does not contain theses fabrics.

3.4, The Impact Resistance of Concrete Begsms Externslly Reinforced With

Nonwovens Qut of Textile Wastes (9),

Among the most wide applications of nomwoven fabrics in the building in—
dustry are as protective layers for under ground struclure subjected to gro—

‘und water, linming oF canzls and water passes and in general as reinforcement

for bituminous materials used as insulation materials. WNonwavens proved to
be excellent material to reinforce cement and concrele.

This part concerns mainly wilh the effect of using nonwoven fabrics out
of textile wastes commercially available in the Egyptian market on the impact
resistance of concrete beams. The fabric used.in this research is reinforced
needle punched nonwoven fabric group (1180 g/m~} as shown in Table 1.

Two sels of beams were cast and Lested in Lthis investigalion as shown in
Table 2. The first set of beams was coast of plain concrete. The second set
of beams was cast of plain concrete with nonwoven fabrics glued to the har—
dened concrete beams at different positions. All the testad beams were of
100 x 100 x 500 mm. dimensions.

The nonwoven fabrics from btextile wastes reinforced concrekte set consist—
ed of three group of beams, one was glued at Lhe botlom of the concrete beams,
the second were glued to the bottom side and the top side of the hgrdened con—
crete beams, while the third were glued to the bottom and to the sides of the
concrelte beams as shown in Table 2.

Table 2: Schedule of Investigated Beams.

EiF Ngéegf Type of concrete Tested Property Bg::tgggss—
1 3 Plain concrete Impact resistance 100
100
2 3 Nonwovens reinf—  Impact resistance 108
orced concrete

100

100

To carry out the impact test, the beam were laid on two support with an
effective span of 400 mm, under the simple laboratory apparatus (9).

The falling weight (16 N) was left to fall free from different heights
starting from 85 mm with 50 mm intervals which increased continously up till
beam failure. Impact reistance was calculaled as the ‘multiplication of the
falling weight with thesum of the different hights till faliure i.e.:
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Impact resistance = p (hI + h2 P hn) Nomm. ..., {23

Qut of the three beams externslly reinforced with nonwoven fabrics were test—
ed under impact loading.

Using nonwoven fabrics as external reinforcement at the bottom of the
concrete beams at the tension side caused significant retardation in the crack
initiation which was increased when an additional layer of the nonwoven fabric
was used at the top of the beam. The nonwoven fabric layer used at thbe top of
the concrete besm has mainly absorbed the impact energy of the falling load
while the bottom layer helped in resisting the tensile stresses created at the
bottom of the beam. Gluing nonwoven fabric to the sides of the concrete beams
beside the bottom layer has shown the highest resistance among all the tested

beams to crack initiation which was observed in this case as a sign on the fab—
rics surface but could not be measured in width.

However, reinforeing the concrete beams with three nonwoven Fabric layers
one at the bottom and one at each side of the beam increased Lhe initial crac—

king reistance and the ultimate impact reistance twelve times and Fifty Limes,
respectively, as shown Fig. 9.

The above menticned results show that existing of nonwoven fabric layer
in the tension side of the beam resists Lhe tensile stresses, while the top
iayer absorbs and minimise the impact energy transfered to the concreke beam.

The nonwoven fabrics glued to the sides of the concrete beams helped in res—
isting the shear stresses.

- » i
Different Patliecn Of Reinforced
Beams With Nonwovens. === Complete Coilapse.
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Fig. 9: Effect of the Reinforcement of Concrete Beans with Nonwoven Fabrics
From Textile Westes on Lheir Impesct Resistance.
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4, Nonwoven Out Of Textile Wastes For Garment Industry:
4.1. The Meorphology of Layered Nonwoven Fabrics:

Since the nonwoven interlining fabric in the apparel industry is used in
the form af layers, sandwitched ot quilted, it is important ko understand the
nzture of the structure of zhe nonwoven of the new composite. The need to in—
formation about the morphelogy of layered nonwoven have been known from early
times of nonwoven researqh,land the following paramelLers have been known far
this study: thickness, mass per unit area, and packing density ceefficient.

Given in Table 3 the values of a and m (slope of the line) for tested
nonwaven fahrics.

Properties Best fit equatian (N 1]
Thickness of multi—layered NW. b= 10.23 N + 1.2 cerea(3)
Mass per unit are of multi—layered N¥. g = 0.698N — 0.006 ..... (4)
Packing densily cueff;c;ent multi—
layered NW. ﬁs = ﬁL - ceaao(5)
Herdness of multi—layered Ny HL = W (H = average fabric

N hardness)..... (5)

4.2, Tensile Strength of Different Iaterlining Fabrics:

The stitch bonded interlining as a known interlining textile was compared
with needle punched and/or using hydroeentanglement technique. The tensile
strength and extensicn at break for two tested fabrics are illustrated in fig.
10. Regarding the given values in Fig. 10, it is apparently seen that Lhe an—
isotropy,of tested fabrics i1s belter using needle punched nonwoven fabric
{120 a/m"} 1n boLh strength and extension values (9).

pem{  Specific Strength (g/tex)

{Nonwoven from waste)

4°9f@ f——— Specific Strength (g/tex)
Of‘; (Nonwoven stltc? and/ar
7 needle punched
{— — —] Extension.
60°
.\\
N
NN
NN
N ‘\\ o
\
R < 20
SS = 0.7, Sn = 0.19, Swaste:0.21
Where: a’ - .
o g - —MaX M0 (7) (&= specific strength}.
o + 8 .
max min

Fig. 10: Specific skrength (g/tex} versus angle of Lest.
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5.

needle/squ. in., or 12 bar) and of high surface hairness (10.14 — 195.2 g/cm”.

DISCUSSION AND CONCLUSIONS

Nonwoven fabrics out of textile wastes, with low punching dens:by {400 2

mm), high mass per unit area (550 — 1180 g/mz), were found to be sujitable for
use in the following areas:

i) In the field of agricullbure,
ii) In producing filter bags,
1ii) In building as insulation materizl, and
iv) In slow sand filters, for the following reansons:

1~

REF
(1)

(2)

(3
(4)
(5)

(6)

(M

(B)

(9)

The fabric is considered as multi—layer filter, since each layer forming
the batt -of fibres acts as a seperate filter. T7This would increase Lhe
efficiency of the filter in filtering the water and/or air, i.e. less cha—
nce to pollution of environmental.

The high mass per unit atea of the packed filter fabric, give a chance to

bacteria growkh in the pores of the fabric and on the fibres protruding on
fabric surface, which inturn reducing the masturity period of the contamin—
ant layer, and helps in maintaining it partially after the washing process
of filter, this enables in the fillerakion process. It is clear also that

as fasbric hairness increseas the insulation characteristic increased lso,
1.e. good comfort.

In the case of existance of cercaria in Lhe raw water, thick fabrics (2-
3.4 mm) limited the capab:lities of the cercaria from penetrtation through
the fabric, and the propability of its death during penetration trails is
high, because of the random pathes i1nside the fabric, and 1f moved horizon—
tally the fabric will be a grave.

The use of nonwoven fabrics out of texktile wastes 1s highly recommended as:
Shade and soil felts For agraiculture; filter felts For dust collector or
water; insulation materisl For buildings; and others.
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