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THE MORPHOLOGY OF LAYERED NON-WOVEN FABRICS
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ABSTRACT: The morphology of layered NW fabrics has been studied in

terms of fabric thickness {t ), packing density rcoefficient (8 )}, fabric
hardness (H )}, and energy-ab%orbed index (b, ). All these terms are

obtained whén the fabric 1s subjected to cahpression. For multi-layer
NW fabric, energy-absorbed :index wos found to increase as fabric hard-
ness decreases. (he product of fabric hardness and compression energy

index for all tested NW fabrics is constant, i.e. Hb = 435, Also it
was found that as the no. of layers inorease the multi-layecred thick-
ness and/or mass per unit aven is loereasne while Lhe paeking denaoity
coefficient.of multi-layer NW Fabric has minor differences between ¥
and ﬁL. 5

1. INTRODUCTION:

Since the non-woven fabric in the apparel industry is used 1n the
form of lavers, sandwitched or quilted, it is important to understand
the nature of the structure of the NW of the new composite, either
alone, or when guilted with woven fabrices.

The purpose of the present 1nvestigation is to find a suitable
parameter that could be used to describe the structure of multbti -
layers, non-woven fabrics.

1.7. Definitions:
i.1.1. Non-woven Fabcics NW (1):

Textile fabrics made of fibrous layer, which may be a carded
web, a fibre web, @ system of random laid or oriented fibres or thre-
ads, possibly combined with textile or non-textile materials such as
conventional textile fabrics, plastic (ilms, foam layers, metal foils,
. etc, and forming wikth them a mechanically bounded or chemically
bonded textile product.

1.1.2. HMorphology of NW:

The peed to information about the morphologvy of NW have been
known from early times of NW research. This phenomenon has helped
From going out of the complication of the internal structure of NW
products and the following parameters have been known for this study:

- thickness,

- mass per unit area,

- mass per untt volume, and

- packing density coefficient.
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1.1.3. NW Fabric hardness for single and layered NW fabrics:

Fabric hardness as defined by Peirce (3), is the pressure requ-
(L

ired to reduce the bhickness of a iabric hy the amount of 1-L2),
where:

tl = is the thickness measured at pressure Pl’

tz = is the thickness measured at pressure P2.

The equation of hardness (HS) for single lasyer NW fabric, is in the
form of:

P~ P
2 1 -2 -1
Hs = —Y:_?_T;— {gf. cm omm ) e (1)

he hardness was measured at two pressures namly 0.6 and 104.7
{g/cm”) according to Ref.(6).

NW fabraic hardness 1n case of multi-layers could be predicted
from the following equation:

H =

L
where; fl = Average flabric hardness,
N = No. of layers.

Zlil
—
[N ]
f—

1.1.4., Energy-absorbed index:

The energy-absorbed index {(b) could be assessed by the follo-
wing equation:

d = a+b/(p+ecy L. (3)
where; d = thickness of NW at 0.6 q/cm2 mm) ,
a = thickness of NW at 104.2 g/cm” (mp),
¢ = correction of pressure (3.6 g/cm according to Ref. 2,6
and 7, 7
p = pressure (g/cm”)} and
b - parameter describes the energy absorbed per unit area of NW

fabric.

The procedure of using this equation is given in Ref.(5).

2. RESULTS:
2.1, Thickness-Pressure Relationship of Lsyered Non-Woven Fabrics:

Since the calculation of packing density coefficient and fabric
hardness necessitates the determination of layered fabric thickness,
hence it was necessary to determine first the pressure at which thic-
tness should be measured. To find this for tested layered non-woven
fabrics of the present work,zthickness was measured at pressure ranges
between 0.20 and 104.2 g/cm”. A relationship in the

tL =3 - b/p+c
was found suitable (6 and 7) to relate the thickness (tL) to,the pres-
sure "p" where "a, " is the thickness measured at 104.2 “g/em”, "c" is
a correction for Ehe pressure and "b" is a constankt. Over the range
of pressure used b was approximately constant at pressures ranging
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hetween 0.20 and 1.2 g/cm for majority of fabrics. Also over this
range the difference, (%) between thickness at any pressure and that
measured at 0.2 g/cm® wan oot more Pha 10% (iae, wilhin Lhe pormis-
sible experigenta) evror). Mence L could be obtoined directly at

P = 0.6 g/cm”, since the average b- value obtained is very clgse to
that calculated at this pressure. The value of b at 0.6 g/fcm (tg 6
was used for calculaling packing density coefficient (¥) and har="
dness {H). This is more logic since the thickness used in the pack-,
ing density coefficient equation should be measured actually at Zero
pressure, but because of the practical difficulty of this, the choice
of the pressure at which thickness is measured was arbitrary, but as
low as possible and withen the lowest pressure provided by the thic-
kness matter used. Details of layered NW fabrics are given in Appen-
dix.

2.1.1. Thickness of maulti-layered WNW fabrics:
Plotted in Fig. 1 the relationship between thickness (t, )} and no.

of layers {N). For the examined structures, statistical ana &y"15 has
shown that linear relationships in the form of, £ = mN + 3 fits well
the results, Given in Table 1 the values of a and wm{slope of the line}

for tested WNW (abrics.

Table (1)
Variety Best fit eqguation

NW1 made from PES t, = 8.173 N + 0.458  ...... (a)
s undyed, L

NW2 made from W_, tL = 6.443 N + 0.793 ..., {5)

NW3 made from PES . o= 10.23 W+ 1.2 oL (6}
s waste L

NW4 made from PESS dayed LL = 8.954 N + 0D.96  ...... (71

NWS made from PP«NS tL = 9.7235 N 3 0.208 e sl B)

2.7.2. Determination of mass per unit area:

This was obtained by taking the average of weighting 10 samples of
tLhe same area. The results were expressed as Kilo-grams per square
meter {(Kg/m"°}.

for the exaimed NW fabrics, statistical analysis has shown that
linear relationships in the form of; = mN + a fits well the results.
Given in Table 2 the values of a and m kalope of the line) for all tes-
ted NW fabrics. 1t is intereasting to observe that for these tested NW
fabrics, that the slope is generally constant and indenendent of no.
of layers.
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Table 2.

variety Best fit equation
NW1 OsL = 0,595 N - 0,479 ... {(9)
NW2 OBL = 0,595 N - 0.046 e {10)
NUW3 OsL = 0.698 N - 0.006 .  cecen- (11}
NW4 usL = 0,599 N - 0.055% ... (12}
NW5 DsL = 0,579 N - D.DDS ... {13)

2.1.%. Determination of mass per unit volume of layered NW fabrics:

The density of layered tested NW fabrics was defined From
knowing the weighl pec unit area and the thickness of_she material.
It was expressed in kilogrammes per unit volume (kg.m 7}

Weight ol suclace arca

. b
Density Kg/m fabric thickness

W

Q

e o=~ ceeen (16)
L
: : 3 3
it was found that (Q) ranges between 50.%93 Kg/m” and 80.946 Kg/m".

2.%.4. Fabric packing density §:

The fabric packing density may be calculated from the relation:

where QsLis the fabric weight per unit area in Kg/m2 obtained from

2.1.2., t, is the fabric thickness in m according to 2.1.1m and S
is the aveérage fibre density, Table 3 shows values of packing dens-
ity coefficient B for single and multi-layered NW Fabrics.

Table 3: Shows valdes of packing density coefficient B for single and
mutli-layered MW fabrics.

Variety - Packing density coefficient

T8 ﬂ1+2 ﬂ‘I+2+3 g‘l+2+3+£t
NW1 0.037 0.037 0.064 0.039
NW2 0.001 .00 0.001 g.001
Ny 3 0.046 0.046 0.046 0.049
NKa 0.043 0.042 0.064 D.047

The values of the packing density coefficient (ﬁs) were calculated
according to Ref. 2. For the fabrics examined in this work, the value
of §_ (single layer) ranges between 0.00%1 and 0.046. MNaturally as the

value of of ﬁs approasches unity (93 = 1) the packing of fibres within
the fabric is maximum.
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With respect to multi-layered the values of the packing dEﬁsity
coefficient @, were calculated from equ. 15, and then compered with
packing densi%y coefficient of single layer ﬁg.

Plolted in Iig. 2 the valoes of packing denuily cuuyrjciUpL ¥, ond
no. of layers (N) of all NW fabrics used in the presenF 1nyest1gat10n.
From the figure one may observe that the relationship is linear and
positive.

2.2, Hardness of Multi-layered NW Fabrics:

With respect to fabric hardness, it was calculaEed using equ. 1
and equ. 2 at two pressure napely 0.6 and 1ﬂﬂ.2‘g/cm . Table (4)shows
the correlation between HL {meas.) and HL {predicted) {(r = 0.B2 - 0.941
and highly significant at 5% level).

Table 4: Shows the relationship between H_, HL {measured), and R
(Predicted) for tested NW fabrics.

f ic hard s H
Varisty NW fabric hardnes

Single layer Multi~layers

ﬁﬂ HL(mEﬂ5urnd) HL(predicted)

1+2 14243 1+2+3+4 1+2 Y4243 T+2+3+4
NW1 23.546 12.0 8.6 6.6 117 FCE: %.9
N2 39.846 19.4 18.7 15.9 19.9 13.3 3.9
NW3 23.546 ir.7 9.1 7.9 11.8 7.9 5.9
NY 4 31,399 12.7 9.4 .9 15.7 10.5 7.9
NW5 27.263 14,7 10.2 8.3 13.6 2.3 6.0

Plotted in Fig. 3 the relationship between NW fabric hardness (HL)
and no. of layers (N).

2.3, Enecrgy Absorbed of Multi-layered NW Fabric:

The relation between energy sbsorbed (b, ) and no. of layers of
multi-layecred NW fabrie is shown in Fig. 4. "For all tested NW fabrics,

the energy absorbed were tends to increase by increasing the no. of
layers.

According to the definition of b, , it represents the energy absor-
bed in compression, hence one would expect this value to be low for
hard to press layered structures and vice-versa. This is more clear
from Fig. 5 in which the values of b, are plotted versus hardness for
all layered structures. Also it is Interesting to find that the pro-

duct of (H )} and (bL) is always constant irrespective of the structure,
i.e. H.b =7435  —  ..... (1a6).

This result could be proved from the original definitions of HL and bL
ag follaws (6): _p

3ince HL = 104.2 0.6 g/cmzfmm ...... {(17)

to.s = trg4.2
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T {(18)
and b= {tg . - by, o) (eve) 5
(the thickness "t" is measured at pressure p = 0.6, and 104.2 g/em” ).
then equ. (17) could be written as
o o= 104.,2 - 0.6 (19)
L b /(p+c)

The value of {(p+c) as determiaed from the thickness-pressure
relationship is equall to 4.2 g/em™, then equ. 19 becomes:

HLbL = 435

3. CONCLUSION:

From the previous results obtained in this work, the following
conclusions could be made:-
1= The multi-layered NW fabric thickness and/or mass per unit area is
greatly affected by the no. of layers. As the no. of layers incre-
ases the thickness and/or mass per unit area increase also.

2- There is no significant differences between the experimental packing
density coefficient results and the layered packing density coeffi-
cient values using equalion 15, the currelalion coefficient (r) is
very high (0.999) and highly significant at the 5% level.

3- For multi-layered NW, fabric hardness my be predicted using the

formula:
W
L~ N
where; A = average fabric hardness (g/cmz/mm),
N = no. of NW layeres.

4- The correlation coefficient between H, ({predicted) and H, (measured)
for layered NW fabrics, is high {r = ~0.89 to 0.94) and "highly sig-
nificant at 5% level.

5- As the no. of layers increased the fabric hardness (H tended to

)
decrease and vice versa. L

6- The product of (HL) and (bL was found constant and equall to 435,

APPENDIX:

Details of layered NW fabrics.
Specifications of fabrics.
Commerical Needle-Punched Fabrics.

Code NW1 NW2 NW3 NW4 NW5S
vpe Random-laid

ibre PES3 Wool Waste PES8 PANE

(undyed) 100% PES (dayed)

Heigat 480 600 690 600 600
(g/m”")
Punching
Density 2 60 60 60 100 60
(stitches/cm®)
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Fig.1 Shows t; versus N
Fig.2 Shows § versus N
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