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UTILIZATION OF TEXTILE WASTES IN NONWOVENS
Part II: New Approach to Preneedling, Drawing, and Hydroentang—
lement Technology.
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ABSTRACT

The technolaogy of preneedling, drawing and final double side
hydroentanglement of short fibre webs achieves & good approximat—
1on to anisctropic conditions of tensile stremgth. The ultimate
tenmsile properties have been determined for tested nonwoven before
and after hydrocentanglement. Generally speaking, the tensile
strength of tested nonwoven interlining rose when a higher hydro—
entanglement energy was used. This technology is not confined to
the manufacture of interlining anly, but can also be applied to
geotextiles, the production of coating materials, bitumen roof—
ings and mouldable lining for the interior of automobiles. This
sbtudy explores the feasibility of using hydroentanglement techni-
que to produce nonwoven interlining from textile wastes.
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INTRODUCTION

Nonwovens now are involved in many 1nduskry sectors and on a
worldwide basis with products ranging from disposable single use
1tems to significant highly technical materials in aercspace and
the medical industries, It has been estimated that some 20 bill—
ion process combinatbtions are available today. In USA some 200
billion pounds of fibre is used per year. There are 200 or more
Nonwoven companies 1n the world with a total annual consumption
of perbaps more than 450 billion pounds. 1t is litktle wonder
that our nonwoven industry attracts a great deal of atteatian.

The importance of interlining to the garment industry cannot
be overstressed. Consider these two facts: woven and knitted
fabrics now account for less than 88% of world production. The
bulk of the remainder have lining and interlining. The interlin—
ing for garment industry represents an important and growing mar—
ket for textile materials. Tnterlining can clearly affeet garm—
ent comfort in much the same way as upper materials and therefore
the earlier comments regarding desirable characteristics for com—
fort also apply to interlining.

for the near future Wood {8) considers that there will be
extensive developments needed in three important areas:

1) Melt—Spun products and processes,
2) Composite structure, and
3} Apertured membranes.

Our major objective 1n this study was Lko evaluate the non—
woven 1nterlining out of text:ile wasktes performance before and
after hydroentanglement procedure. The hydraulic entanglement
of Fibrous strucktures is not a nonwoven process as we usually
caonsider it but rather a binding method where hydrualic fForces
move individual fibres Lo entangle wibth each other holding to—
gether wikth 1nter—Ffibre friction.

The hydroentanglement unit may be combined with the dry laid
process, and wi1ill be situated just after the web Formakion sect--
ions and provide a way to increase bulk, softness and drapability
to otherwise nonwoven sktructures. This above mintioned process
either produces a fFabric wikth a large geometric pattern or where
the pattern is so small that Fabric resembles a lightly woven
material without any visual apertures.

The aerodynamic method of web production is most effective
with short fibres, some of which are orientated vertically, mak—
ing such webs bulkier and less compact. Most of the fibres lie
in the direction of the material Flow, which can give rise to an
irreversible anisotropism 1n strength (leongitudinal/transverse
skrengbth 1.2 to 1.4: 1) {2},

In this paper we developed a special hydroentanglement pro—
cedure, which i1ncludes a drafting operation to re—orientate the
fibres and produce practically isotropic condibtione. The process
can be divided inko three stages.
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1= Preneedling:

The object of preneedling 1s to:

a) make the web suitable For drawing by reduction and consolidat—
ion of its volume,

b} produce pivot points for rotation of the short fibres, and

c) preserve homogeneity of the web and orientation of the fibres.

2— Drawing:

The object of drawing may be mentioned at this point:

Controlled reorientation of the fibres, retaining as far as
possible the levelness of the web. During drafting the batt in—
creases in length, shortens in width and the maas per unit area
is reduced. In several successive stages of drafting, the Ffibres
protruding in bunches from the punched holes rotate with i1ncreas—
ing effect until the required ratio between longitudinal and tra—
nsverae strength has been reached. Tec attain uniformity of the
batt, it is important that preneedling precedes the drafting ope—
ration. The points of penetration serve as pivobts around which
the fibres rotate and can also bridge thin placea in the web.

3= Final Hydroentanglement:

As previously mentioned, the fibres in an area around each
water nozzle are drawn radially into the centre of the punched
hole, which partially disturbs their predominently lateral alig—
nment in the batt plane {1}.

Test assemblies were subjected to 10, 20, 30 and 40 passes
of the hydreentanglement {spray nozzle). Thus the nominal exter—
nal pressure level was 4, 8, 12 and 16 bar. Note that in labora—
tory spray process, the fabrics are held at a fixed angle to the
spray nozzle, that is the fabrics are '"passive" withoubt stress or
movement during the hydroentanglement procedure.

TEST MATERIALS AND METHODS

Tn earlier papers in this series (4, 5, 6, and 7}, we demons—
trated the utility of nonwovens out of textile wastes in various
end uses. This investigation presents the feasibility of using
hydroentanglement technique to produce nonwoven interlining. We
selected for analysis two nonwoven interlining fabrics out of
textile wastes one subjected to hydroentanglement procedure and
the other was free.

The theory of suggested procedure is given in Figure 1.

[Preneedlin‘c_l‘ +|Drawing}+lDouble side—hydroentanglementl +1Drying] élNonwovens}

(B—12 5.P.C°) (draft = (4, B, 12 and 16 bar) (90°¢C) (For various
daubling) end uses).

Fig. 1: Shows the principles of preneedling, drawing, and
hydroentanglement procedure.
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The batt is placed on a screen for hydreentanglement and high
pressure, high—speed water jets displace and entangle the fibres
te turn the batt into a stienger nonwoven as shown in Figure 2.

1~ Hydroentanglement gun, 1

2— Batt.of fibres, . ———————1F

3—=Screen, 2 N _
4—Wood Frame, and d N Constant hight

5— Return water.

_
B A i 2/

I

Fig. 2: The Prenciples of Laboratory Hydroentanglement
unit.

The physical test methods used during nonwoven characteris—
ation were as follows:

Basis weight : BS 3432 (1980},

Thickness BS 4817 (1972),

Tensile Strength° BS 4415 (19B&),

Stiffness EDANA method for bending length.
Alr—permeablllty. According to CSN 800817

Packing Density : According to Ref. (3)

Anisotrooy : Accotrding to Ref. (&)

Ths data has been normalised with respect to basis weight
and plotted using the followin, parameters:

tensile strength {N/15 mm)

Break length (1) x 6.796 (Km) .....{(1}

2
basis weight {g/m”)

max. tenacity — min. tenacity (2)

Anisotropy

max, ftenacity + min. tenacity

RESULTS AND DISCUSSION

The products were studied using light microscope at 35 x
magnification to establish the surface structure of hydroentan—
glement nonwoven. The effect of energy is presented in Figure 3,
which shows that high energy leads to greater fibre density and
entanglement than low energy.

Nonwoven Physicel Properties:

The main properties of tested nonwoven interlining are shown
in Tables 1a and 1b. The ranges in values of fabric stiffness
(N.m2 x 1078), packing density coefficient (107 3) and breaking
length are 28 — 140, 8 — 21.7, 1.01 — 1B5.38 respecktively as in
dicated 1n this ktables.

From the previocus tables, the following resulkts could be
made:
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It was evident from experimental results that the high values
of packing density coefficient are associabted witnh the high
values of Lested nonwoven interlining tenacities, fabric stif—
fness, and breaking length, and with low values of Fabric
elongation, fabric air permeability and tensile properties
anisoktropies,

Hydroentangleling consolidation between 10— 40 impart the test—
ed nonwoven intcrlining sufficient strength and volume is red—
uced considerable. The genersl trend obtained is that fabric
strength tends to increase after hydroentangling. The incre—
ase 1n strengkth rslative to that measured for needle punched
interlining fabrie, ranges between 154%.and 667%, and/or 500%
snd 1300% in machine directicn and cross direction respectively.

With respect to fabric breaking length, it was calculated using
equ. 1. The values of breaking length ranges between 1.01 and
185.38 Km. Therefore one would expect the breaking length to
be high for press and/or out of virgin fibres and low for de—
Formable fabric.

Tn the above tables perhaps the most important factor is the
tensile anisotropy of tested nonwoven interlining out of text—
1le wastes. As the degree of consolidation increased the
tensile anisotropy tended to decrease (improve ) and vice
versa. For degree of consolidation, parameters like pressure
in injectors (like depth of needle penetration in needle pun—
ched fabric), and hydroentangling passages {like intensity of
needling, are determining factors.

Another 1important factor was fabric stiffness. Tt was found
that as the 1ntensity of hydroentangling increased the fabric
sti1ffness increased also. The reason for this phenomenon may
be that high energy leads to grealbt fibre density. Generally
speaking, in the measurement cof bending length it was observed
that the stiffness rises as the weight increases. The fabric
stiffness is greater in cross directicn than in the machine
direction.

As expected, the air permeability readings tends to decreased
as intensity of hydroentangling increased. The reascn for the
decrease in air permeability with the increased of energy may
be that there are mere fibres punched and the degree of enta-—
glement increased. The effect of hydroentaglement energy 1s
visible not only in airpermeability readings but also in the
thickness, packing density, and strength measurements,
namely that the best results were obtained with 40 — 60 hydraoe—
ntangling intensity.

. N\, TS
(a) Aigh=—energy (35 x) ) (b) Low—energy (35 x)

Fig. 3: Effect of energy on surface structure.
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Figure 4 presents the tensile strength {(mN/tex) and elongation

results of the testing.

The extension is greater in the cress direction than in Lthe

machine direction.
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Packing Densikty CoeFFicient

Fig. 4: Shows tenacity and/or elongatlon versus packlng den51tE
coefficient of tested nonwoven interlining {For 0,100 kg/m<)

Plotted in Fig. 5 the values of packing density coefficient
versus the degree of consolidation. 1t is evident from the figure
that high values of ¥ are associated with high degree of cansolidation
at the first half of the curve and vice—versa 1in the second half
of diagrem. Since @ is well related to reinforced conditions,
hence one would expect a strong relationship between them.

A vast literature {3) dealing with the relationship betwean
punching density and packing densaty coefficient tests te the
simplicity of using (@) as a structure parameter. 1t was found
that the behaviour of packing density coefficient and hydro—
entengling intensity is the same as the behaviour of packing
density and punching intensity in needle punched nonwovens.
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Fig. 5: Packing Density Coefficient (@} versus the Degree af
Consolidatien (Product of pressure in_injectors and
hydroentangling passages), 0.200Kg.m™¢.

CONCLUS1ONS
Hydroentanglement is one of the fastest growing technologies
for the production of nonwovens. The softness, drape, handle and

good strength characteristics of preneedling—drawing—hydroentang—
led nonwoven make them unigue products in this calss.

External pressure 1n injectors causes increase in fabric temac—
ity by 2.5 or 6-7times of original tenacities and thus must he
carefully analyzed in future work. 1t was found Lthat nonwoven
out of textile wastes (VS, 0.4 tex, 12-48 mm}) gives good results
owing to 1ts high deqree of flexibility and produces a soft non—
woven. Hydroentangled nonwoven made from wastes are used as
bandaging material and clothing interlining for garment industry,
and fookwear productian.
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WARHMTH PROPERTY OF CLOTHING ASSEMBLY
Part II: Design of Components of Clothing Assembly
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ABSTRACT - In rthis research, 1t was found that knitted outer wear, under wear and
suit fabrics respectively have the highest values of percentage share of thermal resistance

compared to the other components of clothing assembly. Five wearing cases could be
assessed and ranked with respect to warmth parameters using the geometric mean and
the exponential function, and 1t was found that the best wearing case of clothing assembly
was the fourth one, containing under wear {Jil), shirt fabric (poplin of Kafr El-Dawar},
kmtted outer wear (hall cardigan), lining fabric (Viscose), gasket fabric {Sticking fabric)
and suit fabric {100% wool). Also the needed yarn count for knitting could be calculated
for obtaiming the desired thermal resistance of the knitted outer wear at constancy
the type of structure, number of wales and coarses per unit length, Ailso an attempt
has been made to modify the construction of one type of fabrics which are used to
make sutt clothes in order to increase 1ts thermal insulation. This nodificanion could
be achieved by means of knowing the optimum constructional factors of fabrics such
as material used for weft yarns, weft yarn finear density and pick densitty. The investigated
Warmth praperties that correlated with the end use performance of suit clothes are
Thermal resistance and air resisiance.

Mathematical models describing these properues could be obtained. by using factoral
design method, for predicting the war nth behaviour of swit fabrics. By using the graphical
method, 11 was found that the optimum labric construction to make suit  cloth s
Tecommended to be contained weft blended yarns (30% wool / 70% polyester) of 30/2
Nm at 48 picks per nch with using |/ | plain weave design and with using warp specificatios
ot article No. 656,
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1. INTRODUCTION

Acecrding te the different atmospheric conditions in cur country in the north
and the south in winter season, it is necessary to design the eomponents of clothing
assembly such as knitted and woven fabrlgcs te protect the human body against the
atmospheric conditdons.

Rate of cooling of the human body during the work results in decreasing the
activity of the person. Cocl feelng can be achieved .when thermal Insulation
properties of the clothing assembly are not enough [1].

Because elothing is basically concerned with minimizing the thermal stresses,
warm or cold, lmposed on man by the environment, there is good reason to measure
the thermal insulation of single layers of clothing materials as well as multple
layers assembled more or less as in clothing during use [2].

Design of components of clothing assembly for protecting the human body
acainst the eold wheather is a difflcult seentifle problem, because these clothlng
assemblies must be fulfiled the necessary requirements such as minimum weight,
maximum thermal insulation propertles, minimum air permeabllity and an enough
moisture cenductivity to insure moisture exchange of the persen with the surrounding
medium.

The purpose of this study was to evaluate the warmth performance of
the various clothing assemblies used in winter season in Egypt and to design the
eomponents of elothing assembly.

2- COMPARISDN BETWEEN DIFFERENT WEARING CASES OF CLOTHING
ASSEMBLY

As a result of the data obtained In part (I) of this series, the warmth
property of the best wearing cases of clothing asseriblyhas been compared regarding
the thermal resistance and the air resistance. The best components for eaeh wearing
case of elothing assembly and their percentage share of total thermal resistanee
are shown in Table (1). Table (2) shows the warmth parameters for the different
wearing cases of clothing assembly.

From Table (2}, it could be deduced that the best wearing case of clothing
assembly was the fourth one, containing jl (under wear), poplin of kafr El-Dawar
(Shirt fabric), hall cardigan (Knitted outer wear), viscose {Lining fabric), sucking
fabric (Gasker fabric) and 100% wool (Suit fabric).

3- DESICN OF COMPONENTS OF CLOTHING ASSEMBLY

From observation the result in lable {1}, it is seen that knitted outer wear,
under wear and suit fabric have the highest values of percentage share of thermal
resistance compared to the other components. Thus, it s necessary to design knitted
and suit fabrics for obtaining maximum thermal instlation.

In this paper, the problem of designing the knitted and woven components
could be solved as follows:
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Table (2): Comparison Between the warmth Property of the Best
Wearing Cases of Clothing Assembly.

Wearing Warmth Parameters Relative Values Quality Parameters Rank
Case Thermal Air Geometric Exponential
No. Rﬁzsistance, Resistance, q q, M ean Functlon
10" {mic?)/watt (N.sec)/m’ () (E)

1 385.11 1222.86  0.4086 0.3544  0.3805 0.0344 5
2 270.23 345042 0.2867 1 0.5354 0.4705 3
3 786.67 503,58 0.8347  0.145%9 0.3490 0.0514 4
4 478.04 3029.63  0.5072 0.8780 0.6673 0.9052 1
5 942.48 1472.88 1 0.4269 0.6534 0.8542 2

3.1 Design of knitted Outer Wear Fabrics

Thermal resistanee of knitted outer wear fabrics (R,) depends on the proper-
ties of the used yarn and the censtruction of the knitted fabric and it can be calculazed
by the following equation [3]):

d
Ry = g oD
¥

where e = 26,1072 - emperical coefficient ;
d - calculated yarn diometer, m ; and
kz - thermal canductivity of yarn , watt/{m.c®},

Linear density of yarn (tex} can be expressed as follows:
Tex = (my,wooJfL = (v.;ay.TooolfL.

Le. >
Tex=250TTdy._py CaL (2)

where "Py - yarn denslty , g/cm’.
By substituting in Eq' {2) from Eq- (1),

Tex = 250 TT (R e. Ky)z. Ay C. 3

Thermal resistance of yarn (K ) can be calculated [4) from the following
equation: Y
_ 2(1 - ¢) A

Ky-Kd[c+——E--——-I(1-c)], R

where W = 0.089 watt/[m.c®) - average thermal conductlvity of the different

textile fibres in the dry state (51;

C = cos (f/3)-0.143
# = arc cos {1-m,);
my = (1-m1) - ratlo”of air to yarn volume;

L ratio of yarn to fibres density ; and
I = 12.65 - ratio of water to drv fibres thermal conductivity.

Thus, the actual yarn thermal conductivity (K ) can be calculated from
Eq.(u} by flnding the average fibre density and varn dedsity using the hlend ratio.
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Total thermal resistance of clothing assembly composed of under wear
(U}, shirt fabric(S) and knitted outer wear (K) can be calculated as follows:

R_.=R_+R_+R S b))

where Ra - thermal resistance of the air layers, (m*.c®}/ watg;
Rm - thermal resistance of the textile material layers, {m?®.c®)/watt; and
R0 - thermal resistance of the outslde air film, {m*.c?)/watt.

By neglecting thermal resistance of the outside air fllm (Ro), Eq.{S) can
be rewritten as follows:

- {Ra = 0.0074 experimentaly) ... (8)
Rt_Ra+(Ru+R.'r.)+Rk

From knowledge the values of R, Ra’ and the total thermal resistanee
of the clothing assembly without knitted outer wear (R + R ), the thermal resistance
of the knitted outer wear, R, can be easily caleulated Pram Eq.(G}

Rk = Rt - {0.0074 + R, * Rs)

By substituting in E .{3), the lnear density of the knitted yarn (Tex) can
be known Ffor abtaining the Yesired thermal resistance of the knitted outer wear
{(HalF Cardigan).

3.2 Design of Suit Fabric

There are many fabrics which can be used as a sult Fabric. Therefore, an attempt
has been made to deslgn a good suit fabric with respect to the thermal resistance
and air resistance. Thus, experimental design method (fractional factorial design)
[6] was chosen to investigate the important constructional factors In weft direction
of a certaln suit fabric ¢article §58) such as X. (%wool /polyester), X, (weft yarn
count, N ) and X, {picks/inch) with constancy the specifications in wgrp direction
such as 30/70 wogl,/polyester blend %, 50/2 N _ warp count and 20 ends/inch for
a plain fabric. The factors and motrix of experimental design are glven in Tables
(3,4)

Table {3): Aetual Levels of Studied Factors

F actor Level Interval
-1 0 + 1
X1 = Wool (%) kL 50 70 20
XZ = Weft yarn count (N rn) 3sje 3fz 56/2 7i2
X3 = Picks / ineh 40 45 50 S
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Table {4): Experimental Design of Thermal Resistance and Air
Resistance of Suit Fabric.

Thermal Air Relative  Quality Parameters Rank
No Level of Factors qR es:'.stg)r}ce,tt (Sessisi):?m:;e, Values G eﬂ;naentric Ex o::ntlal
: 107.(m%.c®)/wa Sec)/m
X, %, X%, 0+ 9, 4 (© )
1 - + + 56.10 1150.24 0.9388 0.7824 0.8570 1.86%0 3
2 + + - 59.76 A80.e ke 1 0.7824 0.8570 1.8690 7
3 + - + 57.78 1470.15 0.966% 1 0.9833 4.0846 1
4 + - - 50.75 811.80 0.8492 0.5522 0.6848 0.97M11 5
5 - + + 57.78 951.83 09669 0.6477 0.7912 1.4515 4
6 - + - 49,98 380.46 0.8361 0.2588 0.4652 0.2676 8
7 - - + 47.07 1460.51 0.7877 0.9934 0.8846  2.0986 2
8 - - - 59.26 558.28 0.9916 0.3797 0.6136 0.7166 6

The results of warmth property were analyzed using the computer. The
regression coefficients were determined and the response-surface equations for both
thermal resistance and air resistance are given in Table (5} with the correlation
coefficients between the experimental values and the calculated wvalues obtained
frem the response-surface equations. The response surfaces agree fairly well with
the experlmental results, as can be observed from the high correlatdon coefficients.

Table (5): Response-surface Equations

Property Respanse-surface Equation r

Thermal resistance, 1'04.(m’.c°),fwatt Y

Y_r = 1:5-’-!-.81+1.29X,b+1.09X2-D.13X3x 0.9999
+0.74X1X2+0. 7X1X3+1.16X2 3

YZ = Alr resistance, (N.sec)/m’ Y2:895.96+58.‘l9x -180.22)(2 0.9868
+363-22X3-8.6(}X1X2
—5.18)(1}(3-27.93?(2?(3

Figures (1,2} show the effect of yarn count (Nm) and picks/inch on both thermal -

resistance and afr resistanee respectively. The response surface is easily influenced -
by the wvariables X.I, X5 and X.. There ls a large increase in thermal resistance
when X_. and X, at the highest fevel. But there is a large increase in air resistance
when X1 and X3 are at the highest level.

The highest wvalues of both thermal resistance and air resistance of suit
fabrics could be aehieved by deubllcating the figures (7,2} together for the level+1
of wvarlable X, {wool%) as shown in Fig.{(3). As can be observed from Flg.{3}, the
oplimum constructional factors (X_,X,) would be found in the optimum zone which
X, (weft yarn eount) is equal to 2SO N _ and X, (picks/inch) is equal to 48, Thus
it~ is preferable to design suit fabrics with the faollowing specifications: to protect
human body against the atmospheric conditions.
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C haracteristics of Suit Fabric:

Endsfinch ig
Picks/inch a0
i e : 50/2
Woolfpolye;termblend (%) in warp 33,;?3’3
¥ ool/polyester blend (%) in weft T

Weave design

40 -
36/2

WEFT YARM  COUNT, Hro.

FIGL 3 ) THE DUPLEX COMTOURS

GF WARMKTH PROPERVIES FOR

SUIT FABRICS.

— Thermal resistance 3t R, = +1
{100% Wool)

-~ Alr resistance at Ag=+1 (1D0% wool)

4. CONCLUSIONS

From the work described in this paper, the following conclustons have been deduced:

Knitted outer wear, under wear and suit fabrics have the highest values of percentage
share of thermal resistance respectively compared to the other components of clothing
assembly.

Five wearing cases could be assessed and ranked with respect to warmth efficiency
using the geometric mean and the exponsntial function.

The best wearing case of clothing assembly was the fourth one, contaiung Jil {under
wear), pophin of Kafer E!-Dawar (Shirt fabric), half cardigan (Knitted cuter wear),
viscose (Liming [abric), Sucking fabric {Gasket fabric) and 100% wool (Suit fabric).

The needed linear density of knitied yarn {Tex) could be calculated for obtaining
the desired thermal resistance of the knitred cuter wear at constancy type of structure,
number of wales and number of coarses per unit length.

The optimum values of the constructional factors in weft direction of a certain
suit fabric such as wool/polyester ratio, weft yarn count and picks per inch could
be determined to design a new suwit fabric with a high warmth elliciency, which
wool/polyester was 70% / 30%, weft yarn count was 50/2 Nm and picks per inch
was 43,
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