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ABSTRACT KEYWORDS
Nonwovens are materials that are permeable and are manufactured using Poresize;
methods different from the traditional methods of fabric manufacture. Air permesbility;
Nonwovens are characterised by high porosityand randomly laid fibres. Nonwoven;

They are also of low strength and there is need to impart strength to the
fabrics by needle punching, thermal bonding and chemical bonding. During
thisthermal bonding or chemical bonding the fabrics may undergo structural
changes and this may result in pore size and characteristics changing. In
thisresearch Nonwoven sampleswere made by carding polyester, polyvinyl
alcohol and polypropylene fibres, to form a web of fibres before needle
punching after which the fabrics underwent thermal bonding at temperatures
of 150 R”C and 160 R”C. The time at which the samples were exposed to
thermal energy (dwell time) was varied between 1 minute and 6 minutes. To
analyse the effects of heat and time, air permeability and average pore size
diagramswere used. Results showed a decreasein the air permeability with
time as well as a decrease in the pore, after thermal bonding. Results also
showed that the fabrics with the higher density generally had lower air
permeability than thosewith lower density before and after thermal bonding.
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Thermal bonding;
Needle punching;
Polyester fibres;
Polypropylene fibres;
Polyvinyl alcohal fibres.

INTRODUCTION

Nonwovens have been used in various applica
tions be it industrial, home or medical fields,
nonwovens have proved to be universalll?,
Nonwovens are permeable fabrics that are
characterised by randomly laid fibres that are bound
together by variousmethods®. Themanufacturing meth-
odsof nonwovens meansthat the resultant structureis
difficult to predict andisrandom unliketheother struc-
tures that are produced using the conventional meth-
ods, namely knitted and woven structures*9.

The nonwoven structureswill, at times depend-

ing on the end use, require methods of increasing
their strength as the strength yield from combining
fibresin to afabric is usually low. To increase the
strength of the nonwovens different methodsare used
and these may result in the alteration of the structure
of thenonwoven fabric. The methodsused to increase
strength include needle punching, thermal bonding
and chemical bonding™®. These methods increase
strength by increasing the bonding between the fi-
bres in the nonwoven fabric, be it mechanically or
chemically. Inthis paper the structural change of the
nonwoven fabricisinvestigated by analysing theair
permeability and the pore sizesbeforeand after ther-
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mal bonding the samples at different temperatures
for varying periods of time. Furthermorethe changes
caused by these processes may affect the fibres’
morphology and other properties of the fabric®,
Jubera R, Ridrugio A, Gonzalez C andLlorca J™M
notethat the properties of anonwoven fabric will be
affected by the nature of bondsformed within thefab-
ric. Thesechanges could include porosity, fibre struc-
tureand thefabric structure. Chand S, Bhat GS, Spruiell
JE andMa kan S® reported achangein thefibremor-
phology during thermal bonding of fabrics made of
polypropylenefibres.

Theporosity of nonwovens becomesanimportant
factor, when applicationssuch asair, liquid or engine
filtration polishing, medical, separation, resinimpreg-
nation, wetting and wickingand hygiene are consid-
ered*1>171, Patanaik!*®, reports that the porosity of
materia swill affect water permesgbility. A highly porous
materid will allow moreliquidto go throughasthema:
teria will haveanumber of channd sthroughwhichthe
liquid can move, whilealessporous material restricts
theamount of liquid that can flow though thematerid.
S. Lukic and Jovani¢ P found that thewater perme-
ability isrelated to the porosity of thesamples. Hestates
that the number of free poresin the samples should be
aufficiently high for asampleto havehigh water perme-
ability. Permeability of amateria isdetermined by the
fabric morphology wherethefibre shape, dimensions,
orientation andfibredistribution*>?, Dependingonthe
final shape of thefibresthe pores may be constricted
and thismay lead to smaller sizesin the pore sizes.
Densdy distributed fibreswill generally resultinsmaller
poresizesasthere are morefibres per cross section,
whilelow dengty fabricswill generdly havelarger pre
sizes. Fibredistribution refersto the manner inwhich
thefibresarelaid out andif thefibresarerandomly dis-
tributed it becomes difficult to predict thesize of the
pores. Hou X, Acar M andSilberschmidt VV?¥inhis
study of thermal ly bonded nonwovensnotesthat, where
fibresarerandomly oriented, asin nonwovens, itisdif-
ficult to predict the properties and structures of
nonwovensfabrics. Intermsof fibre orientation, ran-
domly oriented fibreswill lead to unpredictable pore
sizes, while well oriented fibres|ead to predictable
pore sizes. Generaly where the fibres are well ori-
ented, where the mgjority of fibres are in the same
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direction, the fibres may be well packed and thisin
turn reducesthe size of the pores.

SAMPLE PREPARATION

Polyvinylacohol, polyester and polypropylenefi-
breswere used to produce sampleswith different per-
centages of each type of fibre. Intotal, threedifferent
samples were manufactured each with different per-
centagesof polypropyleneand polyvinyl acohol fibres.
Threetypes of sampleswere used to makethree dif-
ferent types of samplesand furthermoretheweight of
the samplesdiffered with one set of sampleshavinga
density of 500 g/n?* and the other 300 g/m?. To pro-
ducetheactua samples, acarding machinewas used
to produce aweb which was consolidated to form a
thicker web before passing the samplethrough apre-
needling processfor handling purposes. Theresultant
web wasthen superimposed until therequired density
was reached. After superimposing the nonwoven lay-
erswerethen passed through the needle punching ma
chinefor thefind needle punching age. Each Sdewas
needle punched twiceto further strengthenthesamples.
For the heat treatment stage sampleswere heated us-
ing a heat setting machine where the samples were
heated for aperiod of between 1-6 minutes. Oneset of
the sampleswas heated at atemperature of 150 R°C
and the other heated at atemperature of 160 R°C.

MEASUREMENT OFAIR PERMEABILITY

If there are to be any poresthat increasein size
then there should be aconcomitant increaseintheair
passi ng through the sampleswhile closed poreswould
resultinreduced air permesbility. Theair permesbility
was carried out according to the standard ASTM D
737 usingtheY G461/IE. Thetest wascarried out to
investigate the changein porosity of thefabric after the
materia had been thermally bonded. It was expected
that the PPfibreswill melt and form new bondsand
possibly takeup wholenew dimensions, changingfrom
afibrousstructureto alarge massmaterid. Theresults
obtained were given in cubic centimetres per sec-
ond per unit area (cm®/s/cm?), while the pressure
used was 125 Pa.
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Figurel: Air permeability of fabricscontaining 30% PVA heated at 150 °C
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Figure?2: Air permeability of fabricscontaining 30% PVA heated at 160 °C
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Figure3: Air permeability for fabricscontaining 20% PVA heated at 150 °C
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AIRPERMEABILITY OF 300GSM SAMPLES CONTAINING 10%PVA
HEATED 150 DEGRESS CELCIUS
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Figure5: Air permeability for samplescontaining 10% PVA heated at 150 °C
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Figure6: Air permeability for samplescontaining 10% PVA heated at 160 °C

MEASUREMENT OF PORE SIZES

The size of the pores was determined using the
QuantachromePorometer 3G. Poresizeresultswere
givenin pm while the machine gave the pore distribu-
tionaswell. Similar to air permeability, the poresize
testswere carried out to determineany changesinthe
poresizebut unlikeair permeability which gaveresults
related to airflow, the pore s zetestswould giveamuch
more preciseanaysisof changeswithin the nonwoven
structure.

RESULTSAND DISCUSSION

Air permeability

Figures 1to 6 show theresultsfor theair perme-
ability testsfor the sampleshaving an areal density of
300 g/m? and 500 g/m? with all the samples containing
varying amountsof PVA and PPfibres.

Effect of areal density on theair per meability

From Figures 1 to 6 it can be seen that the air
permeability of the 300 gsm sampleswas higher than

that of the 500 gsm samples. This can be explained
by the fact that for the 300 gsm samples there were
fewer fibres per unit area. The lower number of fi-
bres per cross section meant that theair flow through
the fabric was higher and resulted in higher read-
ings on the machine. For the 500 gsm there were
morefibresper unit cross sectional areahencethere
were lower readings for the air permeability tests.

Effect of temperatureon air per meability

For al the samples, the air permeability of the
samples was observed to have reduced after ther-
mal bonding of the samples (see Figure 1t0 6). The
reduction in the airpermeability was inversely pro-
portional to the time of heating with lower
airpermeability values being observed for the
samples heated for 6 minutes for the 500 g/m?
samples. This reduction was regardless of the tem-
perature used for heating the fabrics. Thisreduction
was due to the shrinkage in the structure due to the
heating of the samples. During the experiment,
sampleswere heated at 170 R°C but showedextreme
shrinkage of samples, with some samples shrinking
by more than 40 mm resulting in amore compactly
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Figure7: Porosity for 300 g/m? samples containing 10% PVA thermal bonded at 160 °C
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Figure8: Porosity for 500 g/m? samples containing 10% PVA thermal bonded at 160 °C

packed samples. The samples were thus excluded
from thetesting. One other explanation could bethat
the melting of the PP fibres when heat was applied
resulting in achange in the internal structure of the
fabric resulting in the change of pore sizes and sub-
sequently the reduction in the air permeability val-
ues of the samples. The shrinkage in pore size is
supported by the Figures 7 and 8. The 300 g/n?
samples had the highest air permeability valuescom-
pared to the 500 g/m? fabrics. Before any thermal
bonding of samples could occur, theinherent increase
in the number of fibres in the cross section for the
500 g/m? fabric, led to higher compactness for the
500 g/m? fabrics which led to the reduced air per-
meability inthe 500 g/m? samples leading to reduced
air permeability results. Further heating of the
samples resulted in the melting of fibres within the
samples leading to significant reduction in the air
permeability. Apart from the melting of fibres, shrink-
age of the polyester and PVA could have been expe-
rienced as PVA would have gone through the glass
transition temperature at above 100 R°C.

Pore size
Effect of areal density on poresize

In relation to the density of the fabrics, the 300
g/m? fabrics had a larger average pore size com-
pared to the 500 g/m? fabrics. From the graph the
average pore size of the 50pmand 60um, whereas
the 500 g/m? samples had an average of between
20pum and 30pm.

Effect of temperatureon poresize

Figures 8 and 9 show samples the average po-
rosity of two samples namely the 300 g/m? and the
500 g/m? samples after heating. The results show
that the mean pore size for the 300 g/m? (before)
thermal bonding was 54.24 um while for the 500 g/
m? samples the mean pore size was 30.77um. After
thermal bonding the samples at 150 and 160 R"C,
the mean pore decreased to 35.95um and 19.3um
for the 300 g/m? and 500 g/m? respectively. The
shrinkage of the samples can be explained by the
shrinkage of the sample and the partia melting of
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the PP fibres in the fabric in the sample leading to
clogging of the pores hence areduced pore size. At
above 140 R°C the melting process of the PPfibres
began and the fibres began to lose their cylindrical
shape. Asthe temperature of thefibresthen reaches
160 R°C, thefibres arein amost aliquid state and
can be shaped into any shape. As the heat is then
removed the fibres do not take up the cylindrical
shape but the shape acquired during the melting
phase. Theresulting shape of thefibresimpedesthe
poresin thefabric leading to reduced poresize. Fur-
thermore the shrinkage experienced by the whole
fabric structure leads to a further reduction in the
pore size. Wang?? reports that fibres will shrink
during thermal bonding resulting in the shrinkagein
thereduction in the size of the fabrics.
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