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1. Introduction,definition and terminology of nonwoven
fubrics.

fraditionally, fabrics are made Jy interlacing yarns in a wo.
ven or knitted foram. But over the past 3% ycars a new chtegory
called nonwoven fabrics has developed as an importani rrocduct

of the tcxtile and other industries, such as the paper industry.
What is a nonwovcn fabric and how is it defined?

Definition of a nonwoven fabric:

‘lonwovcn fabrics are textile fabries, consisting of fiuvrous
layers, which arc held together eithcer zechanically or by

neans acting as or like adhesivces; the fibrous layers may be
coobined with other flat structures such as conventicnal tex:
tile fawrics,paper,plastic film,foam layers,metal fcilc or
threads,

Honﬁoven fabrics can be classified - in principle - hy the fol=
lowing aspects: ( Table 1 )

a) the starting matecrials

Starting materials for nonwoven fabrics are cither commercial
fibers as they are coammon in the textile industry, cither of
natural or synthetiec origin, or fibers specifically enrincercd
for the production of nonwcven fabrics.

b) the formation of the fibrous layer

From the just mentioned fiber types a flat fibrous layer is
forrmed by different techniques, resulting in webs - 2ith propers
ties sometimes typical for the particular tecnnique. Trne fiocrs
in the wch may be oriented or just randomly laid.

c) the way of bording

Phe fibrous layer or web formed by a particular fornmin:u tech-
nique is generally too vicak to be used as forred and fos Lo
undergo a proce3ss =tep called bonding during which the streng o
of the web is incrcased. The bonding step can be perlormed
during the formation process or afterwards. The type of Donuiugs
has an cminent influence on the structure and the propurtics

of the final nonwoven prcduct, Preatments of the {iber web &l
ter the bonding step are regarded as finishing procceusses and
not uscd to classify nonwoven products.




Ge-'r; now 1wore into detzil it enn be caid that the follcow =
ing fiber types are used in nonwoven €: brics:

Common, natural and synthetic fibers in staple or continuos
£ilament form such s cotton, wood pulp, rayon, polyester,
polyamide, pclypropylenc, polycthylernc.

Filamenls forned from a polyzer just berore the formation ol
the nonwoven web such as polypropylene, polycthylene, poly=
cster and poilyzmide.

Filanents proiuced by slittirng of polymer films {rom poly =
ethylcne, polypropylene, polyester and polyamide.
Specifically engincered staple fibers and contincus filzxzents
on the busic of cellulose,polyethylene,polypropylene,poly =
amide and polycster, i .

For the formation of the fiber web from the starting fibers
the following techniques may be employed:
Dry web formation: by mechanical
aerodynaric
and electrostatic means
wet or hydrcdynamic web formation

lionwoven preoducts can be classified by the mecthod of bonding
as follows:

Konwovens whose bonding element consists of single fibers,
bundles of tibers or of threads.

Eorvovens whose bonding elements are created at the fiver's
crosg-over sites by adhesives. -

A third group could be defined when pultiple layers of fiber
webs are bonded either mechanically by bundles of fibers or
by threads or by aihesives. Such nonwoven products are called
composite noawovens.

It can be seen, that the classification of nonwoven fadrico
25 a very complex tack. The following schematic will bopefully
cive a good general view. (Diagram 1) In this schematic, non=
woven fabrics are classificd by the two aspccts of the non=
woven formation and the way of bonding.
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2.Fields of application and end uses of nonwoven {abric:,
market size.

As far .as the end use of nonwoven fabrics is conceracd we

have to distinguish between durable and nondurable {ubrics.
The lautter are also called disposables, Diusposadle nonsoven
fabrics are determined to be used once or only a Tow tinmes ani
then to be discarded.The following list reflects the wide rin:
ge of application of nonwoven fabrics ( Table 2 ,pu ¢ & )
without claiming to be cuwpiete,

Some terms used in the list, which refer to certaln production
techniques will be explained later.




Dicnannbtle nonuoven rroductss

Paby diapers (cever material)

Ganitary noepkins (cover material)

Shaets ant underpad s

Pillowenses

Ti:dlccloth

Ledical supply: operation room packages, medical gowns, caps

and masks.

Filter moterials
Ligh loft, air laid webs in inductrial air condition=
ing
Carécd webs for textile 1lint filters
Carded and air-laid webs for milk filiers
Carded and air-laid webs for plate and frame filtler=
press application.
Spunbonded webs for the air und chemical filtration
vet-1nid webs for automotive oil and air filtration
Food and beverage filtration

Durible rnonwavan nraducts:

Carpcts( ncedle felied)

Curpet buacking (spunborded)

Interlining in azpparel

Furniture and bedding material Lt
Coated favric backing (synthetic leather)
Baeking for abrasives

Durable papers (book covers)

Paiding ( automotives,furniture,pillows)
Backing for plastic floorcovering

wall covering

Reinforccement in the construction industry
Electrici:l insulation

S ST e e rbin




Warket size: cstimates for the production of nonwoven {incics

are both difficult to obtain and subject to error, buecnu:r:
some products may pe included and othkers not. Figures er @
worlé ‘s nonwoven producticn, quoted in the litcrature, viice
onitt heavy weignt nonwoven productis such as curpeting -
aleso paper-like products contalning a major percentnge of
vood pulp are charted in the following diagram (Diogra=m )
and compiled in the table below ( Table 3 ). These firurun
suggest a world consumpticn of nonwoven products of averoxis
nately 500,000 metric tons per year by the end of this “rcnd.
‘with current production running at approximately tvwo thirvds
vf this tetal,

Table 3. Wworld production of nenwovens in mectric tons, estis
nmated.

U3 production of nonwovens in metric tons, cisvimaled.

world prouuction US prouuciion
(excluding carpeting and products (excluding (incluling
containing high percentages of carpeting) woocdpulp)

wood puln)

1941 1500 ]

1961 60000

1965 85000

1967 122000

1969 -- ' 127000 197000
1970 180000 -- e
1971 -- -- 260000
1973 280000 | — -
1974 -- : 222000 515000
1975 . 350000 - -
1976 - - 675000
1979 -- 385000 969090
1980 500000 - --

Tho diagram demonstrates the tremendous growth expericriced in

the past and also the giowth potential of this iadustry in tne

future,
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My osn oppinisn on the figures quoted for the world coasumpticn
of nonwaven products in Table 3 is, that they are very cautious
underestimates, This view is supported by a4 marxet survey *
publich-d recintly, which was perforomed for Western Zurope and
which quotes a yenrly fiber consunption in nonwoven rroducts
including carpeting for 1972 Of 400000 metric tons just for
Western burope alone. The figures given in Table 3 for the US
nonsovoenr markct on the far right, which include woospulp con=
taining prolucts but exclude nonwoven carpeting, support vhe
vicw, that the actuzl figures for the wurld's nonwoven cen=
suzption and its future outlook nust be ruch higher than antis
cipated, Consumpticn of nonwoven producta has been always zuch
more advancced znd higher in the United States than in Europe,
Trherefor it con be said, that we have - with great protabilitly -
already surpassed the half million mark of consunption and are
appro:ching a world consumption of almost one milljion metric
tons of nonwovcen products per year at the end of this deccade.

3.roluction neihods. : .

It vas nentioned earlicr that nonwoven fabrics are prcduced in
scveral, moatly scperated stepns, nnmely foraing of the fibrous
layer, the basis web, which is bonded to give it strength, These
two oparations are in some cases followed by a finishing opera=
tion. The whole sequence is shown in Figure 1. .

Firsti,formins methods for the basic web will be ditcusscd.

Formin~ nethods

Basic wcbs for nonwoven fabrics are produced by a number of
methods which may be divided roughly into two main classes.
(See also Dingram 1)

Dry formed weba ( mechanic,aerodynamic,spin extrusion and elcc=
trontatic method)
Wet formed webs ( hydrodynamic method)

Gtudy of the central market rcsearch of Farbwerke Hoechst AG,
published in 1973,

e e re———— -




Itecranic, aerodynapmic, electrontatic web foration or oo

A

arc ulso called - wedb laying methods and spin extruding coa-

stitute the major methods of dry forming.Paper muking rela, o

techniques constitute the wet forming or wot-laying or hydro:

dynanic method of making nonwoven fabrics.

The irportance of cach particular producticn method is reflee.:
ted in the following table ( Table 4),which lists the je..reon:.

al share of ronwovens produced by each mcthod,

Table 4., Perccntige share,by preodrction method, of toind) pro-

duction of nonwoven fabrics.

Production method

Share in %

Forecast for Gernan Fricral
the U5, 1975 Republic, 1270
Dry formation 73,6 91
¥Wet formation 13,2 6
Spin extrusion : 13,2 3

Frcn the table it can be seen that dry formation is the domi:

nating tcchnique employed by the nonwoven industry.iry fornu-

tion of the basic web of a nonwoven
several approaches:

Mechanical opening of staple fibers
machinery.,

Mechnrnical opening of staple fibers,
air suspension of the opened fibers
ers on a screen,

Electrostatic dcposition of fibers,.

fabric can be achinsved by
on conventional toxtile

even with the help cf anir,
and deposition of the il

In conventionul fiber proceasing for making yarns the stople
fibers are blended andl opencd by a series of machiues ealled

blenders, openers, cards and garncetts. The latler connist
principally of rotating rolls of large and small @inacter
equipped with ncedles, which perform a combing and spreadic
action.,A typical example of the machinery in a forming pro=
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cvia by coardins is shown by the following scherztic( Ficure 2 )
The stnple fibers are supplied in the fora of bales, then ulvis
ded into smallor picces , which are blended and fed to a {ibcer
opsning nackiae, which separates the conpacted fibers frca ine
bale into conrse lumps.The fibers are thenm tra sported to 2
card, which scparates tne fibers into ~irrlie speceies «nd spr.uds
thim to a web, vhich is collected 2n a CONVCYOT. The thicrn:. =
of the w.h such formnd is increazed eiiher by colleeling it ca
sn enidless eornveyor {rom which it is rcmoved as soon as it hos
rezchod a ceritin desired dimension ( Figure 3 ).This operatiin
is cailed lawvying. Ancther pocsibility cf increasing the thick=
oss of the wib is by collecting thin wehs from ditfferent cavad=
ing machines.(Figure 4). The webs may ve coxbined in a parallel
fashion or by derositing webs crosswise to cach other with sp
cial éavices ( Figurec %) . The latter method is called cross=
lapping and has the advantage of vroducing a more isotrornic wcd
which moans less oricented web with regaré to the siren;th of
the vwecb, A wWeb sO ror~cd has more strength in the width- and
len~thwice direction than a straight cardcd_wcb.
Fipure 9 illucstrates a sizple method for rrosslapping two webs
on a conveyor. web A runs forward continuously, vnile weo B
jg fed onto it at a right angzle.The movirg conveyor reciprosiiics
in a transverse dircction above the lower conveyor and thus wcb
B is laid in an altcrnating bias. A disnadvantarce o: this method
is that the diagonal lines cun be detected in th2' finished non=
woven fabric. A number of ways arce used Lo avoid-fhis defcct.
One such mcihod involves fecding web B at an oblique angle and
not at a right anglc to the conveyor,cnother is to use Lvo
cards facing each other. This arrangement,however, requires a
relatively large floor area as dn other arrangezents shown in
the next firures ( Fijures 6,7 and 8).Improverments of the ordis=
nary cross-lapped web can be accomplished by dcpositing ancths=
er webh parallel to the direction of the conveyors betorce the
croas-lapped web is deposited and by placing a sacond longi=
tudinally oriented vweb on top of the cross-laid w¢b. Thus, the
composite is a sandwich providing a fabric havin,, a smoc'n, un=
broken top und bottom surface wiith good strength in 411 airce.
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tions,

Fxanples of major manufacturcersof nonwoven production cquips
ment by carding are:

Krupp Kaschinenfabriken - Spinrbau

Hergeth KG itlaschinenfabrik und Apparatcbau

Davis and Furboer

Janes Hunter Unchine Co,

Proccer and Schwartz, Inec.

Houcet Duesbery, Bosson

Randon orientation of the fibers in the web is accomplicicu uy
another dry-forming technique, the deposition of tre fibax: '
ona acreen from an air strezm.This is what is c&lled trne - ros
dynamic mecthod. Alr dispersion eguipment is particulariy woe=
ful in processing specialty fibers, which are improctical to
kandie on garnctts or cards. :danufacturers of air laying or
aerodynamic forming equipment are: '

Dr.¥Fekrer, Linz, Austria

ﬁr.An;leitner,Linz,Austria

Curlator Corporation,UlA

Birfield-Callaghzn,Zngland

Pncumat,Czechoslovakia

These machines #orsk in principle as follows:

A feeder forms 2 rontinuous feced mat of fibers which ha: unis
form density. A webding machine combs the fibers ﬁrom tho feeod
mat, introduces them into a very high aspced air stream, wlich
conveys them to a so called condenser ( a screcen in the fornm

of a roll or continucus belt ), wherc a uniforn, randcm w.d

is formed., The air strecam can be created by blowing or v wuce
tion.The strength ratio,machine-directior to cross-machine-
dircction, of wcbs produced on auch machines is about 1. ,which
compares very favorably with the one achieved on cerdirn, mach::
ines, which is normally 5. Exasmnles of air laying equivient are
civen next in Figures 94,10,11,12 and 12.Theae are exnmples of
comacrcianlly available air laying equipment of dirterent oryin,
The first example is the DOA nonwoven muchine of the Auslrisg
Dr.Angleitner Co.

i
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whin machine (Dicure 9) works as follows:

Fibers :are supplied from a large chest feeder by an elcevatling
apron into a e ering unit activated by three photocellsa ar=
ranged along the width of the unit.Fceding rolls deliver the
fivers to an opening cylinder fron where they are taken of

by an auiyr stream ond depucited on a condensinge cylinder.The
firnl w0 is formed by passirg another combination of opening
and consensing; erlinders.To spnerease the width of the wcb such

formed, iwd units can be combincd to give a total widik of

5.8 mrlers (Fijuve 10).

Anoiher well known type of air laying equipment is the Pando-
webber of the Curlator Corporation. 11 consists wctually of

a serien of machkines, the nezndo-Prefecder, the Ruzndo-Qpener-
Blendcr n=nd the Ranao-Fecder and Yetber. In the mzcrLinery bes
fore the Rando-rfceder an uniform pre-wcb is formed, wiich io
combed off in the kzndo-Webber and taken by an air stread 1o
ithe suction cylinder and condensed there( Figﬁre 11 5.

The nenwoven linc V 21/K12 of the Austrian br.Fehrer Comrany
consiats of a fceding unit, where tre fibers are prc-orcned
and depesited acrodynamically to give a primnry web, which is
trznsformed into the final web by a carding machine fronm vhich
the fibers arc taken off by air and condcnsed on a belt or
eylinder( Figure 12).

1adificd machinesof ‘this type allow to even use short cellu=
1cen fibers in the form of wood fulp for the formation of
fluffy webs for sanitary products. As an cxample'bf such a
modified machine the Randomizer of the Curlator Corporation
can be quoted ( Figure 13 ).

Flectrostatic ficlds can be used to produce fiber flceces

from very short fibers. This kind of nonwwoven materials
consiat in their final form of short fibers arranged verti=
eally on a cervier ( Fipure 14). The short fibvers are supplicd
to a moving bdelt, a carrier with a binder moves on top of

the deposited fibers, which are attracted when the pass the
elcctrodes.Fibers not atiracted are collected f om the suprlys=
ing belt.

2
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Another way of forming a basis web for nonwoven f{ohrics

the wet-laying or hydrodvnamic forming process, a trenniguco
developed from paper miking methods and closely velaid do
them, laper is normally made from wood pulp, which ecnsists

of natural cellulose fibers of 1 to 4 mm lengih. ThHis tulp
mixed with water and treated mechanically - a step enllea re
fining - to zoften up the fibers. This enables tihsm tao ke e
to each other when they are in the sgheet form.Mlore watler is
added to bring the ccncentration of the fivers down to nreuns

1 € and then this suspension is poured as uniforzily 26 possib-
le onto a moving, endless wire amwesh., In this way a mat el fil.
ers is formed on the wire mesh as the water from the susuension
drains through the mesh. At the end of the wire mech the fidrous
web is transferred to an endless felt on which it is cuoried
through aserics of presses and is subsequently céricve on stedr-
heatcd cylinders and rceled up ( Figure 15 ). A paper machine
for making light weight tissue paper for hygienic purpocus e
run at speeds of 1000 meters per minute, It can be imazined
.that the output of such a machine is consicderable, linchines

of this type cian be used in a modified form to produce lex:
tilec like ronwoven fabrics. %hen one looks into whys of jivins
paper more textile-like characteristics, it is appurent that

a more open 2nd flexible structurc has to be formed. This can
ve brougit about by choosing a soft type of pulp, dolni a minis
mum mechanic work on it, and replacing a proportlca ol thc

(2]

pulp with relatively long man-nade fibers, In the exireme, all
of the rulp may be replaced by rman-made fiders.However , if
either part or all of the pulp is replaced by relatively lou-
fibers, it is found that the latter tend to entansgle in the
tanks, pipes and pumps of the production cquipment and luapo
and strings .zppear. The resulting web is therefor of very Jus
quality. Two things must be donc to zavoid this- the pronoréien
of water has to be increased consjderably, and the length o
the man-made fibers has to be scverely limited, unless toe
fibers are of a special type exhibiting high degrews ol dian -
3ibility in water. Increasing the amount of watcr uavd oo
risc toy number of practical problems.Larger pui.jt, pipues bnd

”
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tanbs are reatired  to handle the increased amount of wa'er

bul fore majer difficvlties arce encourn’cered at lhe web forma--
tion staze, in the so-cslled head bor. Te handle the large
amounts of waner there, the wire is jnclined to form a pond

( ¥i;wire 1€) sud suction is applied from under the wire to
aunint the resoval of the water, Suen machines equippcd with
spocinl pusaps to hamdle long fiver stocka are built for non=
woven manufacture by three companies. Two of them are located
in Geroznyg, wae Jui.Voith CmbHi - ifeidernhein, which rroducces ine
LEyvdrotoraer wrt-laying machine and the Bruderhaus Machineniab=
rik, which r-ruractures tae Nowoforser. A third ccmpany, boass
ced in the United Statea, the Sandy Hill Corporation of Hudson
Falls, H.Y., moaufoctures the Rotoformer ( Figuse 17 ), which
has ike wirc mesh running around a perforated cylinder and fors
ming so0 a pond of the fiber suspension. This compaeny mzkes al=s
co0 a nachine with an inclired wire, which is called Deltaform=
er. -

The webs formed on these machines are best dried on throu:h-

‘air-dryers, such as manufactured by Fleigssner Gmhuii, Ger:nnx,

where the wet web is éried on perforated druzs througa wihich
air is sucked from the outside to the inside to give 3 laftier
web. A similar dryer, but w.th a flat wire, is produced by the
A% Corporation,USA.

The 1last dvy formiiff Lechnique to be dealt with is the webd
form:iion by spin extrusion.frincipally tais typ" of wcb for=
mavion works by extrusion of a polyrmer melt or soluticn cf a
fiber forming polymer throush a system of orifices into siream:
ing zir to give fiters,which are deposited on & moving support
cuch as a continuous utelt cr screem or a perforated druf.
Quiic a number of polymers can be transformed directly into
fiber webs, for instance polyester, polyamide and polyrpropy=
lene. One method of producing nonwoven wcbs dircetly from the
polymer is the technique of blowing or spraying fibers fornmed
from Lhe polymer in a spraygun onto a moving and peurforated
sercen ( Figure 18 ),

luposition of an electrostatic ficld on the fibcru as they are

r




forsed helps to improve the web qu~lity. The arransencol 0

such 2 web forming unit is shown in Figure 19. The SPriy e
forms one electrode, the fiber receiviny screcen the other « 3¢
trode,

Mnother way of forming fibers and fiber web in one siep is by
utilizing centrifugal forces ( Figure 20 ). A polymer R
supplicd to rotating jets which are surrounded by movinr.: peli:,
The three methods just described lead to fibers wrnich - = noi
stretched., The optimum fiber properties normally zchievsa by

" fiberoricntation are therefor not fully developeds That o the
reason that mcthods of forming fiber wabs by spin cxtrusicr,
where the fibers undergo an oricntation are preferred over
those just described, Two methods working with fiber oricntats
jon will be described now: ( Figure 21 ) (Figure 22 )

The volymer- for instance a poiyamide - is extrudad frcia a
heated extrudcr into a manifold, vihich distributcs the molien
polyner *o a system of orifices of about 0.2-0.4 nn widin,

The fibers formed by pressing the hot polymer meli taroush

the orifices are caught by astreaa of hot air and led 10 a
stretching channel, where the fiber oriecntation inkes piace.
The Lot air streams at velocities of about 270 m/sec, the dio=
reter of the fibers changes from 0.3 om to 0.006 mm. ihe fibers
are collected on a perforated belt or drum artcer havina passed
the stretching channel.and deposited by suction. Since the
velocity of the fiber arriving on the drunm surfﬁcc is mueh
hizher than the speed with which the drum or belt moves, an
extensive ertanglement of the fibers is achicved. The cever=
ing effect of this mcthod is improved , when the scts vl ori=
fices are moved to and fro.

h seperation of the fibers to improve the uniformity el the
weba can here again be accomplished by applyins an eleciro -
static ficld (Figure 22), Thc fibers arc formed by a eystem of
orifices, removed and stretchad by a number of rolls sipich aire
running at increasing spccds. The fiber tow pau:scs unit
where the filaments receive a uniform charge, from therc thuy
are transferred by strcaming air to a grounded belt , wiere

-
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the charee iu neutvalicsod and a rondom wed is formed,

The btechniguse of spin forming of noawovens is in Au:tria ems
ployed by Chemie Lins AG, where nonwovens for several purpoics
are proauced Ceom nclypropyleae,

Instend of extruéing a polymer through a number of very smiil

orifices it cra be itrunsforned into a film by pressing it
throush a narrow slol and *“he film can be slit into filameats
by blades or shary and narrow vdiges, The filaments can then

be formed into RGNWOYCN WCDS,

Borliny moetheds

Kost of the wed formztion processes described so for result

a wrat of loosc fivers, which is tco weak for further processing
not speakins about a particular end use. The fiber in the mat
hive to Lo bonded to ench other to give strength to the web,
which mecuns in other words that they have to be linked <2 ecach
other. This can be accexzplizhed by a number of bonling =me nods,
whkich are listed in the follcwing table:

kechanical tonéing s necdle puncling
stitch bonéing

Adhesive bonding: imprepnation with polymer solution or
polymcr di“pcrsion

_coarula»ion of a polymer dispersion
spraying of a polymer dispersion or
golution s

printing of a polymer dispersion or
solution

bonding with foamed polymer dispersions
or solutions

bonding with polymer in powder forn
Bonding with fibers: by use of heat
' by use of solvents
self bonding
Spin bonding

One way of incrcasing the strength of a loose fiber mat i3 to
form intensively cntangled bundles of fibers. The distances betr

ko d
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ween such single bundles of fibera have to be very close o

get an even strength distribution. This formation of a close B
netviork of bundles is achieved by punching the loose Viter b
network with special ncedles, which are arranged in a very clo= 5
se pattern on a boari, which moves up and dewn. A siaic pon- i
ching needle is shown in Pigure 23. The needle hus o nusin i
of szall hooks, which catch a bundie of fibers of ntout 7 - _
20 single species and punches them throush the rfiter mt » Cis
ther vertically or under an angle to the plain of the mat.
. The punching is performed on a machine called neeaie Joca,
The simple schematic of such a machine is chown next ( i'ipure
24 ). A belt transports the loose fiber mat to two perforaied
picces of sheet metal, through which the ncedles rove up and
dowvn. A pair of rol's removes the densified fiber web, wiich
can be even further strengthencd by other baonding means Juoh
as fiber shrinking, a process resembling that of wool eliing, _
(Figure 25). '
Sinilar bonding techniques have been developed from sti-ch bon= Iz
‘ding processes mostly cmployed in Eastern Furope. As will t. e
explained later in more de:nil, siitch bcn&ing procesne.: Lo i
crease the strength of a basic web by stitching tareuos inio t
the web with a number of needles, Not using a thread nuw  [nst I
exploiting the increase in web strength resulting from laoring D
fibers through the web by the action of the empty needies i n
very similar to ncedle punching. Two processes of ilhis Luopne
exist, which are the laliflcece ( German Democritic Henutlic) E
and the Arabeva rr cess (Czechoslovakia). The first iz . rived F
from a stitch bonding process called Naliwatt, the 1lat:.- fron =
a stitch bonding process called Arachne, ¢
In the Maliwatt process, a fabric is produced by stitchiis yarn ¢
longitudinally into a fibre web, with the finiched fabeic havios ¢
a varn content of 6 to 20 %. A full Maliwatt line conriutn of -
& hopper fceder, a breaker card, a finish card, a crcoos lagyrer, b
a transporter, a laliwatt nwachine and a wind-up unit,.”n. bazic )
Arachne procecs is similar t¢ the Maliwatt system. A third sniten a
bonding process has been dcveloped in Russia-the 10HV nysten, :

which is related to the Maliwatt and Arachne proceusges,




%o princizle of stistch bording is Jdemonstrated by the fols=

Yewine ifure 25, showing the Arachne process,
Typical c¢:ta of a Waliwatt and anArackne machine are conpiled
in the rnoxt tables

achine lype Maliwatt Arachne
Width{mm) 2400 2400
Number of stitches/minute 1500 100
Liniz:l length of stitch(za) 0,9 1
Baximnl length of stitceh(ma) 9,9 5,9
eb weirht minicun(g/m°) 100 100
naximua 1600 Too

Needle:/25 rnm 14 12,5

Another way of increasing the strength of a web is by a pli=

7 (4 y ap:
cation of 2a acdhesive to the web, which glues the {ibers to=
gether. Geveral kinds of polycer materials-in the fora of solu=

tions or ketter dispersions-are available for this purrpose:

LKatural snd synthetic rubber forming polymer latices
Dispersions of acrylic polymers
Dispersions and solutions of vinyl polymers

Host of the polymers are applied in the forz of ?glymcr dis=
p:rsions, which ave prepared by polyzerizing an esulsion of a
monomer in the prescnce of an initiator. For the preparation
o® rubbcer latices butadiene, acrylonitrile, styrenc and 2-
chlorobutudiene (chloroprene) monomers are used in different
combinntions. The so called NBR-latices consist of bu--diene
-nerylonitrile copolymers, vhereas SDR-latices are siyrene-
butadicne latices. Polychloroprene dispersions are called CK-
Jatices,

Dispersions of acryliec poly.erers are made from accrylenitrile,
acrylomide, acrylic acid and its esters and the appropriate
homolugucs of the methacrylic sceries by emulsion polymerizalis
on,

o0
o
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The third group of polymer cempounds used as bondinsg niEnes ov o
for nonvoven fabrics arc the vinyl polyacrs, which snre propnsad
froa vinyl esters of organic acids ( vinyl azectate), vingl e
halogen containing vinyl derivatives ( vinyl chloride and vi:r
dene chloride) and styrene. Water soluble vinyl polimors are
polyvinyl alcohol and polyvinyl rvrrolidore, wnich c::n be en-
ployed in the form of their aqueous solutions.

Quite a number of methods of applying a polyaer dispersion or
_solu*ion to a nonwoven bhasic web are at hana.

The dispersion can be brought into contact with the busic web
by dipping the web, supported by screens, jnto the dirpersicn.
T?wo exzmples of such an application are represented by the
next schematic drawings (Figures 27 and 28).
In the ccurse of the hydrodynamic web fcrmﬁtion preevis, bind=
er cdispersions cun be added %0 tne process waier, Tne¢ viny
polymer particles are attracted by tne guuperdcu fiburs a&s Llu
~cuu1t of an electrokinetic effcct caused by oppeosile churgu
or the fibers and on the partlclc .Tne polymer dispcrsion co=
agulcztes firally on the fiberc, giving strength to the Iiver
web after a drying step. The metrod is known as the ve.-uad
addition of the binder.
The Ciago-process foris fibrous coagulated polymers Iron bin=
der dis-ersions just before applying them to the vieb during
the web formation.This has the sévantage that more ol ihc bin=
der is rectained on the fibers, wnich means that vie cinder
application 1s more effective and uniformm which in turn mcans
that the incresce in strength of the bonded web is ruch higher
than with the conventional wet end addition of binder dispery
ions.
A simple method of applying binder dispersions to the basic
web is by spraying them. It is possible to spray bot nines of
the web with appropriate cquipment s shown in the nexu vigure i,
wherc the upper side of the nonwoven web is spraycd firut, tien
dried, turncd around, sprayed and dried arsin and reeled ut.
The polymer dispersion or solution can be applicd in a cor

A <
4




taiu peitera by vrinting inste nd of applying a continvou gpol-

mer Tila as by spraying and dipping. Several examples of ine

prinziple priunting mcilhods are illustrated by the sketches in

firure 3. -

Onc hizdy developed method of printing nonstoven webs i5 vy

rotascren printing as developed by the Ausirian fira Jonunwies

eir or. A hollow roll or flcxible screen ( FPigurc 31 ) is raid

to $ho surface of the passing web by a bar and a magned tes

neata the supprovrting conveyore. . . '
The adventare of print Londing is that the rcsulting nenwovon

frbries hove a muech softer hand than the producis froa bonliing

by inprognasion, spraying, coanv lation and others.

To incitase the strenztik of a nonwoven fabric bonded witk o

polyner binder -~ven furiker and to inprove its curabiliiy to

vashiing ané 2ry eleaning, it can undergo a heat irentzent

after the binder application, for instanece curing the ¢
step, “he structure of the bonding polyner can bc such tiat it
erosslinks under the influence of heat, especially by the =ri=

ion of particular, mostly acidic catalysts, which are norso i1y
aéded to the polyner disrersions or solutibnc bcrore arrilatio-
jon. Thus, a neiwork of polymer molecules is formed.

One other way of applring the polymer disper sion or colurticn

is to fuim a fmm of it vwith the help of enulsifiers and 0 0pp=
ly the foam witha blade es illurtrated in figure 32.
Another alternative so far not gealt with is to wae the yolys=
mer not us a dispersicn or a solution but in the sclid stite

3 a bonding powder, in the form of bondirg fivers, in the Iorm
of a nciwork of bondins filaments or as film. Thermorlonticity
or swellability in a solvent are the conditions fo. aypiying
the bonding polymer in the solid state. A simple device for di=
atribuling a polymer powder on a web is chown in figure 23.

Phe powder is supplied from a storage chest to a vihrating
serean by a rufflecd roll. The vibrating screen distrivules

the powder evenly on the web, which is then heat treated and
compreused,

Bonding fibers are processed with the baszic fidbers of the wod




making up a smzll percentage of the total fibers. The oo ing

action of the fibers is activated by heat and pr eusure or by 1
a silvent, which may be even prescent during the lomuntien of

the web. An exaople for this is the applicaticn of pol vin-l- -
alcohel fibers in the hydrodynaric vicbk forming proce.::,

The bonding fibers cun be mude of modificd eclluleue, - -1 o

the BAR fiber of Ameriecan Viscose Corp.,a chemacaliy . o "iad —
cellulose fiber, or the ED 101 fiber of the sume Tirs,  -ci

is a viacoce fiber with 2 structural modificavion ( bt o i

‘ber ), cclluiose ncetate and triacetzte, polyvinyl alew:

copolypers of vinyl crloridc and vinylidene chloride, . “insk:
chloride and vinyi acetate( #2-fiber of Wackur Gnbi, Cuimey )
czlorinated polyvinyl chloride( FC~fiber) and mixed poir-vyrs
of the polyester type ( corbinations of ethylcene glyce? an3
tecrephtalic and isophtalic acid)

The bonding finer can be employed in still another for: -ilh

as a network slit {rom polymer fila.Tke film i5 cut by rot-iing
knives in the form c¢f discs, which are interruntied tn o _-valls

l-..a

of their circumferernce. The next firure ( Figure 73) shes o

arransement to produce sucll 2 polymer netwicrk. A networi o7 n
polymer filanents can be alse ereated by extiruding trn- :-.lrzer i
through spinnerets sitting on a hollo~ chaft, rotatin. ccunter: o
currently to each other (FifurcsH). .
Spin extruded webs cﬁn be bcencéed by such cemnioa metha. -0 dinpi. T
into dispersions, spraying or printing of polymefp, buL tnedr i
ovnt thermosensibility can pe utilized to bor: them imr. cisiely i
after formation by pressure or hot eslander ng. t:

vcb formation ané bonding technique have an influence -u the i
production speed of nonwoven fabrics.The following tio:e capmon It
strates ( Table 5 ) that even the output of the glov: it nonwou.or 1
process is much higher than the oufput of convention! textii. o
processcs such as knitting and weaving. i
The very high output of paper machines has, in the pooi, give T
guite some impetus to the development of the hydrody:. e web Vi
forming methods .But so far the cxpectations in the.e jroce:n, - i
¢3 have not been fulfilled becauac of the problems iuvalvea |, wi
handling long textile type fibers in the papermakineg proce:. , v

™




Tuble Y. Comprrison of typicel rates of production of non-
soven and woven fabrics,

Yrocena Production Annunl outs
speced put/hiy
Paper _  300m/=in 40,010,CC0
Spin cxirusion 15%/min <0,069,000:a
Ldhecively oonded ncnwoven 30m/min 4,0GC,000m
mechnically bonded nonwoven 10a/nin 5G0,0CCx=
Knitting 1,5e/nin 200,00Cx
weaving 1,2a/nin 10,0C0n
Eanidwecaving | 0,%n/xin 1,000
Tapestry 3cnm/day 102

Pinirhing petinods

KNerwoven facries may undergo a secondary treatment after web
formaticn and bonding, ieading to certain desired prorerties
or proaucts., The finishing methoés can be divided rou-hly in=

to mochanical and nore or less chemical methodsn,

]

Iiochanical finishing used on nonwover. fzbries are calanderine
and cmbo:.sing to imrose a srooth or patterned surfuce, shriniiing
in hot waicr or hot air to increase its 9trcn5th;'pcrforating

by =litting or by air and water jets to inerease the drapaodility
and conpncting to improve the softnesz of the wonwoven fabric,
Abrasion treatment may be applied on nonwoven fabric intended

to be conted to produce synthetic leather. Some nonwoven fabrics
arc coated with heat sensitive adhesives, which are used in the
ffarment industiry as interlinings to be fused to the garnent
rather than sewn to it. Other coating impart flame rectardancy,
water repellency or antistatic propertics. Cleansing or polish=
ing #lds are applied to nonwovens for the houschold.

Thick conts of polyvinyl chloride und polyurethane are comoincd
with nonwoven fabrics in the manufacture of synthetic lcather,

~
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4,Fibrous raw materianls for nonwoven fubriecs.

It was mentioned in the beginning of this lecturc, thai rocul
ar textile fibers and fibers especially cagincered fos non-
wovens are used in the manuf:cture o2f such fadvriecs. The onhres
of particular types of fibers, differcentiated by chenmiconl st~
. ture,2re compiled in the next table 6:

Table 6.Share of fubers used in nomwovens, by chomicul coouciura

Fiber type Share in perccnt
Viscose fibers - 45
Cotton fibers 8
Polyester 15
Polyacide 17
Polypropylene 7
Acrylic fibers - 4
Oihers : 4

A conparison of the -amount of viscose rayon fiders rced in
norwoven fabrics with the fully synthetic fibers.revetls that
they constitute the major part of the fibers used in i-e nons
woven industry, surmounting the total of the synthetics by ca.
6 pcrcent. But the share of the fully synthetic fibers is in =
crecasing constantly.

Typicul fiber dimensions of viscose fibers, polyamide, poly -
ester and polyolefine fibers for the differenl proces:ei = web
foraation by mechanic, acrodynamic and hydrodynumic merna and
by direct spinning - are conpiled next ( Tadble 7 )

The acrodynamic process requires a certain reduction of the
fiber length and special fiber finishes to minimize the bujld-
up of static electricity.Very fine continous filament in w.ied
for spun bonded webs, Pibers for thoe hydrodynaiic procci: hive

~
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to Lo short, very short whes the fibers are fine, for irnsicnce

of 1.7 ¢tex, Lo achicve good distribution and fiber separciion

in watcer,.

Table 7. Dinensions of fibers ucsed in nonwoven fabrics.

Fiber type - Process

mechanic aerodynamic spinextr. hydrodyn,

Viccose fibers 1.75-56dtex 1.3-56dtex - 1.7-40dtex
4C-50mn %0-50zn 540

Poly~mide 1.6-22dtex 1.6-22d¢ 0.5dtex 1.6~"23tex
40-£0nn 5 -50mm and up 6=-25zn

Polyester 1.%5-44dtex 1.3-44dtex 1.0dtex 1.6-8.9dtex
40-80za 30-50mn and up 6-25r=

Polyolefine 2.0-30dtex - - 1.0dtex -
40-80mm and up

Asarule it czn be said that the fiber length in mm should not
excecd the fiber fineness in diex times three to four. A 1.7
diex fiber should thercfore bu not lorser than 5 to 6 =z to
cuaranicce the formation of a uniform wed in the hydrodynzmic
veb forming process.Another criterion of fibers for the hydro=
dynomic process is their exact cut. Only very small perccntazres
of longer fibers spoeil alrcudy the formation of sn unilorm wveb,
The newest developnent in fiber cutting machincry, the tow cut=
ting machincs of Eastiman Kodak Coarp. and of Krupp Spinnbau AG
with the name of Percut 2000 gives very good results to ful =
i1l this requirement,

Lemenerated cellulosie fiber::: Basically five types of vigeone
fibers aro available, which urc used in all of the diffcront

)
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nenwoven processges:

regular
crimped

high wet tenscity

polynosic

- 25 =

high wet nmodulus

viscose fibers

Thiese types are offcred as dull as well as bright fib.ro:,

Cripped viscose reyon fibers result high loft webs

" foraing processes. Polynosic
dyanmic process because they

i

taken over frca the paper indusiry which is called

This process step helps to increasc the sirengih of

product,

n ti- (‘.3‘_\'

fibers are svited for ithe L0

fibrillate during a procuasn . lep

rorinin,

the final

At Chemicfascer Lenzins AG a2 new modified viscosc rayocn typc

is in developzent which offers good processibility in iic

hylrodynanmic veb forrcing process, even vhen lon: fibers are

used,zné good water atsorption, Ta. processibility of this

fiber tyre can be deaonstrated by a comparison or cigreriions

of the modified and regular viscose fiuvcers having the o

lensth,

Cotton fibers: The inportance of cotton in nonwoven fabries

i5 decreasing more and more beciuse of a bettur perfcer.nec

of the man-made fibers in proccssing. Colion contuins  inpuri-
tics from the seed shiells and has the tendency 8 form umnll

arrlomserations of fibers called neps which show up in the

nonvoven vwebs,

‘slvelefine fibers:

these fibers are uscd

in nonwoven £liries

because of tlicir reasonable price and their hydrcrvhobic charac:

ter. A considerable portion of polyolefine fiber:

needle felted

carpeting.,

{0

e into

Polyester fibers: give nonwoven fabrics high perforzance ono

dimensional stability, which is the rcason for their increi-ing

use in nonwovens,

Pnlyim de fiters: perform best of all fiberas used

in

NALive Vi *

Polyrcrylonitrile fiberu: are of interest becnuse of o o

bulkinccs.

Serap fibers:

and yarns arec

regaincd by meclanicel disintegration 0 v g ¢

used in lower grades of nonwoven ™ ic:

>

or



seetions resulting in certain properties such as stifiness,

hisber velume or plittering effecis, Typiczl croass-cmecticns

of fibers are represcnted by the next fisure(#ifure 3¢)
Chrinking js in cono cuses a desirable prererty of fibers er
nonwoven fabeics, becnuse this ability of the fiver to chrink
c.n be utilized to inerense the bulkiness ara

the nonwoven fnbric.ﬁurnully, shrinking is achieved by nonting
specinily cﬁ;incercd rynthetic fiders. Synthetic {ib

e¢mlar type wre stzbilized fibers, which means thnat ey ro-
tain their dinensions during a heat treaiment. Uncinzbiliced
fibers pay cxiibit mediva to hish shriniinge when heatced,
A surinking eiffcet sni other cFIpcts, such as his;h erimp, oon=
dinz abilily combined with high strenzth may recsulin £ 1 agpes
cinl fiber conctruction. Two different polymers czn be conulnzd
in one syntnetic fiber in such a way that they form a nor: or
leos integral part of the fiher., These fibers, develorad dus

ring recent yeurs, are called bicomponent fivers. here are

sevaral ways conceivable for combining different polyn.:os in
a fiber:(¥isure 37)cide by side , core-sheatn arrangcio.t, Ll
tributien of one poiymer component as short or continucuc ITib=
rills in the matrix of the other polymer. Figure 38 shows on
exarple how a bicompcnent fiber with a side by side siruciure

can be made,
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S5.Nowest dcvelopmcnts in the nonwoven field

Nf quitc some intcrest are several processes which hrove been
develoned during recent years, One of them is the “a:iun=laces®
process ol Du Pcnt d¢ Remours,Inces This procuss produe .o noi-
like nonwoven fubrics of high strength from dry or wet lauia
buazis webs without any bonding agents. Polyester {ibker: -re
preferably used as the raw material for the rasis wed orf ithis
_process., A scnematic drawing can illuctrate how thi":run -
laced" process works( Figure 39): a fiber wcb is red o the
spun—-lacing unit on a centinuous screen and pauses o teries of
vizter jets througn whicn water is precsced at high veilwoilics,
The water jets act in a sinmilar manner asnecedles in i needles
runching process causing intensive entang.ement of the Iibews,
By choo:ing an appropriate design of the scresn, perles—tod

in a ceriain pattern, a nonwoven radric can be forund bvinsT
the same paticrr, The products of this process are w3 ited
to be uscae for heme Tfurnishing, such as curtains or b.u T3 STHU I

Farlier it has been mentiorcd that wcbs of ioosc fivers enn

be bonded toguiker by netvworks of ithermoplastic poly:neru,

Cuch n:stworks arc produced and distributed by the Xire 10 .

The ncts are rade frem copolymers of cthylene, havirn,- a .ofiening
temperature of £2°C and a rmelting point of 102-103%,
nare of these prcducts is "Xironet”. A sketch illusir- e ihe
use of these nets(Figure 40). An infrarcd heatcr'éuftynn the
neiwork and by applying pressure to the nonvoven fubric layern
can be rlued tog,ether to form a compouite,

A simple technigue to form a hijh pile nonwoven fabric is al.o

a recent development., This proccss of the Mctzeler Uehoum Gudil,
G2rman Federal Republic, allows to produce a fiber jyile on =
carricr,vhich rnay be a woven or nonwoven fabric. A nmoltun fitev
forming polymer is appliced to the carricr, which is peeled o/
to form rnumerous fibers which are quickly cooled andi Lthus oinii
lized.Polyethylene, polypropylenc,polyamide or polyvinslcni.riae
are the polymers, which can be used in-this procens (itigure 41)

“»
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Table 1. Aspeeis of the clussificztion of nenwoven fubrics:

"he starting materials

The formation of the fibrous layer

The way of bondirng




Diagram 1

The manufacture of nenvoven fabrics
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Figure 1, Production steps of nonwoven mz2nufacture
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Pig,urmo. DOA nonwoven machine with doubled width.
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Firure 15. Views of paper machines.

j-mire beli,2suprly of fiber (stock) suspension,3foils
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Firare 16, View of headbox of Vcith Hydroformer

1-Forrmniien zonre 1, 2-foraation zone 2, J-wire belt
4-cuction boxes, 5- web

Fi;vre 17, View ef hen”ax of Rotoformer produced by
the Gandy i.. .1 Cornori:ition

1-Ounpdying pipinmg of suspension of fibora,?-reculnting pond
for heagbt ol suspensiea, j=water collection tvrom I'rve flow,
4~nuction boxcs, H-wed pick up roll.
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‘Firsre 19, Uebh form:ziijon by fiber spraying in an electro=
: ic $i.la

-

Jirla.

1- spray noauzie, 2- 2ir supply, 3~ dryirng chamber,4-converor,
5~ counter clieetroce.

1-cjircular arrangement of six conveyors,2-rotating spinnerets
3-polymer supply, 4- web reel-up.
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Polymer supply

rmation from a polymer by spin extrus:
rewehinge.
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Firure 22, Spin owtrus.

eleetrostatic Tl
l=spinncrets,?-oi".
Jochurgingd=-nir
veyor, b= couniur
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Nuaile loom arrangement,

i-neciic board
2-neod e
3-p-rZcriied ncreen
Lesuppord
Legonvevor

c-rJils

T-taoic we
G-neciled wed

Pirure 23. Barbed need’e for
-@ necdle puncrning

-0 j-stem of necdle
4-barbs
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FPirure 25. EKecedle loom in a card line.
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Firvee 27. ¥ b impresnation by dipping tetween two
CUnVUyOoTa.

1vﬂauvvya
5s roll(meterins)
i binder dispersion

"\J

Z-txourh it
§-cgueeze rolls

Fi-ure P28, Wub ippregnution by dippings between screen and
rull.

1-nerfor:zied sereen

J=nerforcared arun(roll)

A-troush with bincer dispersion
4-rcumovail of exces: binder

' —water spray for screen clcaning
v-rotntins, brushes

T-wastce water

<>
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rfigure 29.5rray anrlication of bindor disperzion.

1- frex web foroation

2- spray charmber

3~ drying oven

4~ Teel-up o
Fizure 20.(belew) Frinting techniques for print bondi:.-

1- Belia? printings

2- Zotnyy sereen wrinting
3= Int=iio printing

4~ Flexs printing
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Pizure 36. Cross-sections of synthetic fibers englacere S
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Pimure 37, Bicomponent fibers
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Firure 39. Spun laced proce
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Fisure 40. Xironet bonding




Figure 41, METZ-0-LAN process

1-extruder,2-slot,3- thermoplastic polymer filn,A-carr .r
S-melting roll,6-cooling air stream.
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