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1. Introduction,definition and terminol3CY of nonwovcn 

fubrico. 

Trndi tion~tlly, f~1brics a:-c rn:idc ~y interlacinr; y:irn;J i.u a Vil' 

ven or kr.i t tcd form. Eut over the past 35 yearn a new c:-t.q;or·y 

called nonwovcn f:ibr ics han developed ao an i:;1portnrll. !· ~ G\~ m: 1. 

of the textile and other industries, such ao the paper ir.·.!u~;try. 

What is a nom:ovcn fabric ~.nd hovr is it def i ncd? 

Definition of a nonwovcn fabric: 
· tiom·:ovcn fabrics arc textile fabrics., consiH1.ing of fiur-ou.> 

lay~rs, which arc held together ci thcr :nechnnicn.lly e;r· b:: 

ceans acting as or like adhesives; the fibrous larcr:; r::ay be 

co~bincd with other flat structures such as convcntion~l tcx= 

tile fabrics,papcr,pla~tic fil::i,foarn laycr3,metal fcjJ:.:; or 

threads. 
Nonwovcn fabrico C<ln be cla~sified - in principle - "h:; tl:c fol== 

lowing nGpects: ( Table 1 ) 

a) the starting rn~tcrials 
Starting natcri~ls for non~ovcn fabrics arc either co~~ercinl 
fiberG no they nre co~~on in the textile industry, either of 
natural or aynthctic origin, or fiber::; npccifically cnrincercd 

for the production of non~cvcn fabrics. 

b) the formation of the fibrous lnycr 
From the ju~t mentioned flber types a flat fibrou.z 1:1ycr i!: 

forced by different techniques, rcsultin~ in wcb&·Nith propur~ 
tics oo:ictirncs typical for the par ti c:ular technique. T!',d f i her:~ 

in the w0~ may be oriented or ju3t randomly l~id. 

c) the \·:ay of bar.rt ing 
The fibrous layer or web formP.d by a particular for?:tin!: tech· 

nique in gene-rally too wcnk to be u::;ed at> forr..cd a~d !.·.,.~ to 

undergo a procc.:rn ~tep called bor.cl j n 1~ durinc; which thr: :> trcn;'. ~ii 
of the: web io increased. The bond:inr; otep can be pt:r!'onr.c:d 

during the formation procc~o or nf t.crward:;. The type cit' bl°'Hi,·, l 1;:~ 

haa nn eminent influence on the structure nnd· the f:l"Ojh:rth::~ 
of tho final nonwovcn prcduct. Trcat.mcnt.u of the fih1·1· wob :;:".· 

tor the bondine stP.p nre regarded us finiching procc:wcn and 

not uocd t~ cln3oify nonwovcn producta. 
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int.: fiber typ·:.; are U!.it:d in non'.'1ovcn ~:bric~: 

Co~~on, naturnl and ~ynthctic fibcrfi in ataplc or continuoG 

filar.":nt fore uuch :!:> cotton, W\JOd pulp, rayon, polyester, 

polynmidc, p<;lypropy] r.nc, polycthyler .. c. 

l''iJa;;~cnl.3 fo;·;:,•.·d frc:t~ ti poly:.'!•.:r ju3t before the formation o~ 

th(: nor.:::ovi~n \o:c b such as polypropylene, polyethylene, poly= 

FJ.h:.::cnt:!3 pro,iuccd by slitting of polymer filr;:s from poly = 

ct.hylcnc, p<1J:;pro1.yl~nc, polyenter and polya:!idc. 

Sr:cci.ficall:r cnc:ine~rcd 3tn.plc fibers and cont.incus fil~;:lcnts 
en the li::!Git: cf ce:tlulose,polyet.hylene,polypropylcnc,poly : 

a~jdc ~nd polyester. 

Per the forr.iation of the fiber web from the starting fibers 

1.hc followint; techniques may be employed: 

Dry web formation: by mech;?IliC3l 

aerodyna:::ic 
and clectro~tatic means 

'.'i•:t or l:ydrc:iynamic r1cl:; foroation 

uonwovcn products can be claosified by the method of bonding 

a~~ f ollo·m;: 
Gonwovcn3 who3c bonding element conoists df single fibcro, 

bundles of fibers or of thrcadc. 

Conwovcn3 whoac bonding elements are created at ~he fib~r·s 
'· 

cro:;:;-ovcr ci tcs by ::i:iher;i vcs. 

A t.Jd rd r,roup could be defined when mul tiplc layGrs of fiber 
ncb9 are bonded cit.her mechanically by bundles of fiber~ or 
by lhr~ad::; or by adhc3ivcs. Such nonwovcn products ar~ r.s.:.llcd 

compo~ite no~wovcnn. 

It c3n be seen, that the classification of nonwovcn fabricb 
::.r. a very co::iplox ta:.;k. The fol lowlr..g ochcmatic \dll l:opeful ly 

cive a cood General view. (Di~cram 1) In thi3 GChecatic, non= 

woven fabricn are clnn3ificd by the two aspects of the non= 

woven formation and the way of bonding • 

.... 

-
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2 .Fields of application and end uses of nonwovcn fabric:;, 

market size. 

As far .as the end U3C of nom'IOvcn fabrics i3 concr.!"'n1·d we 

have to distint,uish between durable nnd nondurable LJ.~l'i.c::. 

The latter arc also called disposnblc~. Di:;poGablc non~n¥~n 

fabrics are determined to be used once or only a f!·','! ti "H?'..; ;111 1 

t'1cn to be dincardcd.Thc follm.·1ine lis1. reflects thl: wida r•:r.: 

ge of application of nonwovl!n fabrics ( Table 2 , f;!_ ;t· ~ } , 

without claiming to be cv~yietc. 

Some terms used in the ll~t, which refer to certain prod~cLion 

techniques will be explained later. 

..,,. 

,.,.,......,..... . ... 

, . .. 

l 
.. 
1, 

~ •· .• 
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1n ~, ., I • . ") . . ' .. 

i~:1l1y d i:q•er:i ( ccvr:r ::iatcrial) 

~l:lnit.ary ll'!J:tifl3 (cover material) 

T;.~lccloth 

J:...;dical :;upp1y: opcr:'.t.ion roo:n packages, Dlf?dical gowns, caps 

and mauks • 

. Filter cw lt!l·ial: 
IiitJ1 loft, air laid webs in indu!;trial air condition= 

in~ 

Cnrl!ctl web~ for textile lint filters 

Carded and air-laid webs for ~ilk filters 

Carded and air-laid v:ebs for plate and frame filter= 

prcG~ application. 
S1iunbond cd webs for the air t ... "'ld che:nical fi l trn:~ion 

\';e;t-laid wcb3 for autor.iotive oil and air filtration 

Food an~ bcvc~aGC filtration 

C~rpct:;( 11'-.:e:dlc fcl tcd) 

c~rpat h8cking (npu~bondcd) 

Interlinlnc in aprnrcl 
P~~niturc and bcdtlin~ catcrial 
Cc:tt.t::d f :1hr ic back.in;; ( ::;yn the tic leather) 

B:~ckj nr. for abraui vcs 

Durable papers (book cove1·s) 

Pa~dina ( automotivcu,furniture,pillows) 

Backing for pln~tic floorcovering 

\'/all cov\~ r ine 
Hcinforcc~cnt in the construction industry 

EJec tric::.l inoulation 

~· 

I . . ·•. 

I 
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;.~·!.rkct :;i!:;e: C!;timatf?s for the prortuction of nomvoY1~n :- tr,;·ic·:~ 

arc both dlfficul t to obtain and ~ubjcct to error, bt:l!:.~: .:: 

oomc producto may ·oe includt-~d and other:.; not. F! 1:u:-t:!; o!" : •~:· 

worlc'n nomvovcn pr-oduction, quoted in the literature, ~·i~il·t: 

or.iitt hea·:r weir.ht nonwovc-n product3 ~;uch a:; c~rpctiri;~ : ,,.-! 
al~o paper-like producto con tainin11 a r.:ajor pC'rccnt:!£:c 0 r 
v:ood pulp :ire charted in the followinr, dinGrmn {Dl:1c:r:~::; ~) 

and coi::pilcd in the table below { Table 3 ) • Tlll~sc f ir.1::··.::1 

su0gcst a world con::;u:npticn of non·.'IOven prorlt.:c1.a of :::·~,:·oxi:o 

matcly 500,000 metric ton5 per year by th~ end of thi~ ~~cadc, 
with current production running at approxirar..t.cly two thirtlo 

vf this total. 

Table 3. World production of nonwovcn3 in metric ton:;, csti= 

mated. 

U3 production of nonwovcns in metric tons, c:;~ i ::;~Led. 

~orld pro~uciion 

(cxcludin~ carpeting and products 
containing high percentages of 

wooci puln) 

1941 

1961 

1965 

1967 

1969 
1970 
1971 

19T3 

1974 

1975 
1976 

1979 
1980 

1500 

60000 

85000 
122000 

180000 

280000 

350000 

500000 

UJ pro~uc.tion 

(excludine {incluJing 
carpetin~) ~~Otl?ulp) 

127<'.00 

222000 

385000 

19:7000 

260000 

515000 

675000 

961)000 

Tho diacram dcmonat::-atcs the trcmcndoua growth cxpcri cr;cl:d in 

the paot and a.loo the growth potential of t.hi,G i:'lc..lu:;t.ry in t,i1.: 

!uturo. 

---

' . ~ .. 

I'' 

J ,; 

.... c 

i r 
1·· 
u ·~ 

r.; 

·,,.·1 

,;. 

, . .. 



- 8 -

My o~n opµini~n on the figurc3 quoted for the world conGu~ptio~ 

of r.on·::.»v1·n p!·,, 0:uctn in T~1blc 3 i:>, that 1.h~y are very cautiou~ 

un:ic:r~'' ti1:n te!;. 'i'hi:> viC'.¥ i::; ~upportcd by a cnrkct nurvey • 

puo l L:rl'·...i ;cc::n tly, which W'.15 perfo:-ocd fo~ ·,'/r:3 tcr:t .:::u~opa a.nd 

whieh quot.<:~ a y1!~~~1y fiber con:;u::iption in r,or.woven p.·oductn 

in·~1u.iing c~rp1~tin:; for 1 1)72 Of 400000 metric 1.vn:; ju~t for 

\'ie~ :.\?n1 t:11ror~ alone. 'i'hc f icurcs e: vcn in 'fable 3 for t!~e :JS 

norr.'i!•'H'n nark.:: t on the far right, which inclucie woo•i pulp con= 

tai ~il~:; pro.! :.a; t.~• but cxr;J ude !lO:twovl.?n carpeting, ::;:.i-;:rort the 

v.icw, th::.!. :.he :.ict.ual fl,~;n·c3 for the \':urld 's no:H;"1v~n c~n= 

ou~pt.ion and it.:_~ futu.rc outlook I!lU~lt bn r-.:..&ch hi::;hcr than anti= 

cip-it•:'.i. Con:;u~~)\-icn of nonwov~n product~ has been J.h·:ay3 :.uch 

more C!dva .. ""'lccd ~:1.d hi.:;hcr in th<: Uni tcd S tatcs than in J::urope. 

Ti'.i::rc.for it. C<m be naid' th,i.t v:c have - with cren.t rrol:iabi li ty -

ah·l~:'"\dy ::;urpa~:scd the h~lf million mark of consu::i:;?.io:i a~1 are 

appro:~ct.i ng a world con;;u:nption of alcos t one million me tri~ 

tonn of nonwovun products per year at the end of thi~ dcca1c. 

3•1'r-:.J UC ti on r.wthod::;, 

It. v:a.::; ncntioncd earlier that nonwovcn fabrica arc prcducc::i in 

ucvcral, co3tly ncpcratcd otcn3, n~mely for~lng of the fibrou3 

luyc:r, the b~JGis web, which i~~ bon1.icd to c'°';i ve it s trcn&th. These 

t~·;o op~ira tion:> arc in oome cacc3 followed by a finir.hin1; opera= 

tion. The whole ncqucncc is shown in Fieure 1. 
Fi rnt, form in('; r.ieihoc!J for the basic web will be di·~:cu~scd. 

Da3ic wcb3 for nonwovcn fabrics are produced by a nuobcr of 

ffict.hoda which may be divided rouehly into two main classc3. 

(Sec nluo Din~rnm 1) 

Dry formed web~ ( mP-ch~nlc,aerodyn~mic,spin extrusion and elcc= 

trontatic method) 

Viet forme~ webs ( hydrodynamic method) 

• 
Gtu!ly of the central market rcaearch of Farbwcrkc Hoechst AG, 

publinhed in 1973. 

I 
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M·~c~ :rnic, acrlll!:;naoic, clectro!1t:1l.j c wrb for:~:1 tinn or :~:· · ... 

arc aLrn callo!d - web laying method~ and spin cxtru•iit;1: c:.::· 

:.>titut~ 1.hc major D!cthod~ of dry forn:lnr;.I':tp•.!r m:~ki:i:: 1·.'l:i. I 

tcchniqu•)S con::: ti tute the wet formine or v1<! t-luyinr, or hy<i n,

dyn:H:iic method of making nonwov,;n f;?bricn. 

The ir:portance of each pnrticular producticn method i~'; rf'fh•.·. 

tcd in thn folluv:in1,; table ! Table 4) ,which liuts the ;••.rt:-:':i: .. 

al share of 11on.,...ovcn:> produced by each method. 

Table 4. PcrccntaGC share, by proclPction method, of +..o ~:d proo

duction of nonwoven fabric::.. 

Production method Share in % 
Forcca:.;t for Gcruan 1'"'r:Jcr:1l 

Dry forc:ition 

Wet formation 

Spin extrusion 

the u~, 1975 

73,6 

13,2 

13,2 

Republic, 11)70 

91 

6 

3 

Proo the table it can he seen that dr I forr.ia ti on i :: the do:ni:~ 

natin~ technique er.iployud by the nonwoven industry.'.! ry fcn~ci:~ 

tion of the bo.~;ic we.b of a nonwovcn fabric can be ach i•!vcd b/ 

scver~l appro~chcs: 

Mechanical opr.mlng of staple fi bcrs on co:nvcntiori:\t t.•: xt.i.lc 

machinery. 

Mcch::.nical opening of ct.ar>lc fibt::rn, even with tht~ hcl p of r..--..r, 

air suapcnzion of the opened fiber3 and dcponition of the fil· 

ers on a screen. 

ElcctroJtatic deposition of fibers •. 

In convcntion::d fiber proce3sinp; for making yarn:J the ~:thpl.; 

fibcr:J n1·0 blended an.l opened b,v u ocric:.i of rr.rLchi:111:; c:'.l) 1!\.i 

blenders, opc:ncrn, cardn and garnctt::;. 'l'hc latt.c:r <:~H::·.J.r;t 

principally of rotating rolls of larec and ~~r.ial 1 c1i;:.1cter 

equipped with needles, which perform a cor.ab1 ng :.~rl.1 ;; ;>r 0;;1d i: 

action.A typical example of the machinery in a fo!·mi nt; pro,.· 

·> 

- ' 

d: 

Oi·· 

L:;. 

c.;. : 

th 

: ... !1 i 

r-' ·. 

i ·-

n:·1 

f;:. 

c~ 

1: l 

\ ,.\ ' ... 
I 

t::1 

F.:, 

O" 

i. 

i: 

i 
·;: ·· 1 

( . .,' , ' 

r. . 

C. 

r: 

r.: 

(' : 

.. 
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c··::.; li:,r c:q·,!i:;:: i~ :;11·.~·;n by the follov:in:~ :~chct:~!tic( Pir-:u:::··~?.) 
'i'IH: :;tnpl e f :i her:• arc !;upplicd in the form of bale~;, thc'1 t0. i. vi= 

dv1l i. n t.o :~r:1:1l l 1. r pii:c;~:.; , whi ;:11 arc blen:l~d and fer to a f.i l;<;i· 

o p:-:n iw: r:acl: i:1c:, which ::;r. pri.r:t tc:.> the conpa.c ted f i bcrG f re;:; :.he 

b:;J<: ju:.o cu:u·::•~ lu::::p:;.':'he fibt:r;; are th..:n tr:!n~portcd to a 

c:~:·d, d1ir;h !;(";i:~rnte:; tile fiber~ into -ir.:,lc specie~ :!.nd r.pr. :ld3 

tit• m to a w:u, ~:hi ch i :; collcc led on a conveyor. 'i he t~licirn ·. :; 

of' :.he\/·.~ :;u.-11 forr:'lr.:i i!; incrc~L··;cd either by collc·ctinc; it en 

: .. n e?hi:.c:;:; coc.rr:yor fC".>!T. • ... hich it is rc~ov<.?d as soon aG it h~:~ 
rc:!ch·-~'.i a cer':..:' in de'.;; :-•:d di:hcn.>ion ( 1"i6tc·c 3 ) .:hi5 opt:rati.~:1 

is cai.ll~•i l:;~--~·h;;. An.;th1:r pu:;~ibility c~ incrc3~j:.p, t!lc t!lick: 

n:.::;:.; of !.he v;;,b i:J lJ~· colJ.ec~i.nc: ~hin wchn fr0m di:ffc~cnt caid= 

inc 1nchi~·.:;J. o.-..:.curr: .1). 'l'hc ••cb:; i:my be co;.1bined in a par:!.llcl 

fa~•l~ion ~a· b:t dcro:;i ti=·:.~ webs cro;,zwinc to each otl:r·r with spe= 

cial ri~vic~~ ( fi&urc 5) • ~he latter ~cthod is called cro~s= 

1:1ppinG a"d h~3 the advantacc of producing a ~or~ isotro~ic w~b 
which m·:!ans lc:;s ori<·ntcd web with rcr,:uci to the ~trcL,;th of 

1.he web. A web so .for;::(·:i has c;orc ~~trcr.gth in t!1e width- and 

lc~::thwi::c dj rcctj on ti:~n a stnli~~t carded w~b. 
Fi~ur~ 5 illu~trntcn a ~i=plc ~cthod for ~ro~3lnppin~ t~o ~cb:.; 
on a conveyor. ~cb A rw13 for~nrd continuously, ~hilc ~~b B 

ia fed onto it at n rjGht nn~le.Thc ~ovicg conveyor recipro~:1tco 

in a tr:w~;ver:;c direction above the lower conveyor :-\!d tt:ua web 

nit; l:tid in an altc"rrntinr, biatJ. A di~wdv:int:!GC o::· thjG r;cthod 

in that the di1.gon~l line::; c·.ui be detected in th·.:!'.!i!l.ir.hcd non-:. 

wove:n f3t.ric. A nurr.b:.!r of wnyn nrc u~;cd to avoid ~his de:f'cct. 

One i;uch l.l(;t}:od j nvolve:::; fcectin.~ web !3 at an oblique an;:lc Rr:d 

not nt a rlcht angl0 to the conv~yor,~not~er is to u:::;c t~o 

carrl~; facin.'.'; c::ich other. Thi3 arrancc:ncnt ,however, rcquirun a 

rclativcJy 1:1:·r;c floor area a:; dn other arrn.nf~c:::ents sho·;:n in 

the ;icxL fif:urcn ( F1;:ures 6,7 and 8) .Inprovcr.:cnt~ of the o:rdi= 

nary cro:~~•-1 appcd wcu cr.n be accomr,1 iBhcd by dcpo~i tine an0t.h:: 

er v:•:h parall•~l to tllr1 direction o! the conveyor~ br!forc thn 

cro:~:;-l:lpped v;cb i:::; d1.:po:::;i tcd and by placing a r.t~con:i loni:;i:: 

tudin:i.lly ori,,ntcd \':eb on top of the cro-;:;-laid ·::.:b. Tht,;~;, the 

compo:.;i tu in a sandwich prov idinP. a fa!>ric havir.~: a ~;'.r.r>(;'::, U°!"l"" 

brok<m top and bottom ourfacc wi ih good atrent;th in .111 u irt.;C:: 

I 
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t:xanpl<;3 of c:ajor m:mufacturcrs of nonwovc.n production eq;.:i;~' 

IDC' n i. by c :!rd int: <!re: 

Krupp ~.:a!}Chincnf:ihrikcn - Spinrbau 

Hcrt;cth KG i.:a~chincnfabrik und Apparatcbnu 

Davis anu r'urb~r 

Ja::ic~ Hunter ~.'.;!chine co. 
Proci;er anu ~cnw:irtz, JnQ. 

Hou~~t Ducsbere Bo~son 

Randoo orientation of the fibers in the web in aecov.pli:<.• J :1y 

another dry-fo~cing technique, the dcpo~ition of t~c fl~'~: 

on a !!crccn fro:::i an air Gtrca:a. 'l'his is v:hat is cai ! 1·1: t.!".,~ : :To= 

dyn~mic method. Air clispcr~;ion c~uipcient is partict. larl;,.· ~~, .. ,;..: 

ful in proccs.;in6 specialty fibc!'s, \'Vhich arc iq-.r~'.c :ic:: I :u 

h:m;ilr. on earnC?t ts or cards. ~.!anufact'1rcrs of air laj·:i.nG :ir 

acrodyna~ic forming equipment are: 

Dr.Fetrer, Linz, Au3tria 

Dr.~n~lcitncr,Linz,Au3tria 

Curlntor Corporation,UJA 

Birfic~d-Call~~h::in,~nGln.nd 

rncumat,Czcchoslovak.ia 

7hese cnchincs ~o~k in principle Rs follows: 

A feeder forms a ~oniinuous feed mat of fiber$ which ho~ un!~ 

forr.: dcn~i t:;. A webbing i:nchinc combo the fiberc ~rom ~~:c f(:cd 

mat, introc.luces them into a very hir;h ::lp<'Cd air ~:t!"f:5r.i, :-.:.ich 

conveys them to a ~o cnlled condenaer ( a ~crecn 1~ the fn~n 

of a roll or continucu3 belt), where a unifor~, randt~ ~· b 

is for:-:ied. The air nt.rcnc can be created bl blo·:dn:: or p·; :.uc-.~ 

tion.Thc strength ratio,rnachinc-~irectivr~ to cro:1t•-m:icl!'i:w

dircction, of wc:bll produced on 9Uch m~tchines i:J ab(lut 1.5,d·iidi 

coetpr!rcs very fnvorahly wi t.h th•~ one achieved on C<~rt:: r.1: m:1~l;=, 

inen, which is norm'llly 5. r;x:1r.inlco of air lnyinl: c11\ii1.::.l:nt. :1!"'? 

eivcn next in F'ir,urcn y,10,11,12 ancl 13.Thcsc 'lrl' t.;;:;;:::r:.l1::: o!· 

ccn:::;10rcially nvailnblc air laylnG equir·mcnt of djfl'•.:t"~11t n:·i::in. 

The firot example io th0 i:>OA nonwovon Jliachinc of 1.hc Au:; tr~ 'i': 

Dr.Angleitnor Co. 

'> 
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'!"hi::. ~i·td:irw (: i•:urc ')) work~ as follow~; 
P.i bcrn ar~ :;upplir:d from a large chcnt feeder by an elcvat: !.t~ 
:q.rrHl i1~ 1.o a;~.·~ •·Y-in~ unit nctiV:!tc<.l by thrr.c photocc:lln ~ff..:; 
ranF,<?d along th·:' \';id t.h of the: uni 1.. \o'l:t:din.'...~ rollc d<: 1 i ver the 

f ibr:r:; t.o nn C•p<·ning cylinder fror.i where they ore ta.k(:n off 

by an air ::t.rc.:am ;!nd depu.:;itcd on a ccndcn:;jn~ cylinder.The 

f i r.'ll \'.». D i.!l fort'ICd by pasoir.g another combination o!' open in.~ 
mid cmv~ .. n~'in:: t!::l:ind\!ro.To ~ncruH:C the width of the web such 

fnrmcd, iw~ ~nitn can be combined to cive a total widtt of 

5.8 r.;r:lc:·r: (fj;~u··c> 10). 
Another m~ll kno·::n type of air l:tylng equipment is the P.r.r.ndo-

Webb~r o~ the Curlator Corporatinn. It conui~ts bC~u~lly of 

a uer i (::--. of r .. ncL i.ne:3, t.hc ;:r::.ndo-Prrf ecc!.cr, the R~~ndo-Opcner
Blrnrtcr r~nd the P.anao-F .. cc<.lcr and ','il·tber. In the rJ~ci.inery be= 

fore the Rando-i~cdcr an uniforc prc-~ob in for~cd, ~~!chi~ 
cor:ibed f'ff in the R~..tndo-·.·:l'bbcr and taken by an air ~;treac tc 

the. r;uction cylir.dcr and condcn:lcd there( Fieurc 11 ) • 

The nun..-.ovcn line V 21/Kl 2 of the Auotrinn nr.Fchrcr Co:ni::lny 

consi~:t;; of a fr.cdins unit, where tt.e fibers Hre p:·c-orcnP.d 

and dc1.o:~itcd aerodynamically to ~ivc a prb:.'1ry well, \·;hlch i:.; 

tr:in:;for::icd into the finnl ·.veb by a cardinf; machin\? f:·oc which 
the f ibcrs Rrc taken off by ~ir and condensed on a belt or 

cylinder( Fi~ure 12). 
MJdificd m~chinccof ·thi3 type allow to uvcn uoe short crllu= 

ln .. :- f i11crs in the fore of wood rulp for the for:=t~ ti on of 

fluffy ~rnb3 for nnni tary 11roduct::;. As an example ·cf such a 

modified machine the Randomizer of the Curlator Corporation 

can he quoted ( Pi~urc 13 ). 

Elcctro~tutic fields can be used to produce fiber fleeces 

from v~r~ short fibers. Thia kind of nonwwovcn mnterial3 
con~1j nt in their final form of oho rt fibers arran{~cd vert.1== 

cnlly on n cArricr ( Fi~ure 14). The short fibers arc supplied 

to a moving belt, a carrier with a binder moves on top of 

the dcponitcd fibers, which are attracted when the pasn the 

elcct.rodos.1''iborn not at1,racted are collected f· Jt:l the suprly= 

ing belt. 

I 
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Another way of formi n1;. a bani3 web for nn1w;0Vt.!n f·. ;,r i 1::~ : : : · 

the r.t?t-layin:~ or h:;d1·oi!ynamic forcing procc~:3, a t•~c:hnj ';:.a: 

developed from paper ;:::.:.king n:ct.!10d::; and clo~a·ly rr.~~~-.. ~· : " 

them. !aper is normally r.;ade fror.t wood 11ulp, which c-,.:1~i:~1.:~ 

of nntural cellulose fibcrn of 1 to 4 rr.m l~n:;th. r;·:, i:· ;·:l l p 

mixed Yli th W!ltcr and treated occhanically - a s tcp c:, I l 1:c1 r·· 

fining - to :..i'lftcn up the fiber:>. Thi~ enn.ble:.-; t.!•; ::i i.;; ·:-:;-:r !"' 

to each other when they arc in thn ohnct fo~:n.~.~orc \··a~.:r i:. 

added to brl.ng the ccnccntration of the fibers de:•::~ to ~~~··;ur:r.1 

1 '1' a."ld then this su::;pcn::ion is p0urcd a~ unifor::iil:,· :!.; ;i:1.;:; i ~. ·· 

le onto a movin~, endlcm:; wire i:1t::_~h. In thi.3 way a r.::.I. c: fi L; -

crs is formed on the wire ccsh as the water from t~c nu~;:c:i~; ! ~·n 

drains throur_;h the me uh. At the end of the wire mc::h ttt·: 1 l. ::i:-L•:.i~; 

web is trannfcrred to an endlc~rn fcl t on which it j:; c .~n·icd 

throur,h anerics of prc:rnes and in subccquc.n t. iy dri eu on ~: tP~!:'i

hcatcd cylinders and reeled up ( Figure 15 )~A pn~rr ~~chine 

for making lii:;ht wcir,ht tissue paper for hyr,icnic pur::·o::cs c·t'l 

run at f:pceds of 1000 n:etcrs per minute. It can tt? i::-.=!:-;i:1cd 

that the output of such a c:achin~ is con~;idr:rablc. :.:;;ci;ir.c:.~ 

of thl.3 type can be used in a ~ou ified forr.: to p::·o~ucc ~ex' 

tile like nom-:o·.-cn !'abrics. 1;ihcn one looks into \•,·q::; of ,;iv.:r~:

paper more textile-like characteristics, it io urp::!·1:nt that. 

a more open ond flexible ntructurc has to be for~cd. ~::~~ c~n 

ue brour,!1t about by·choo::;ing a noft type of pulp, d:i.'..t:r: a r.:~:-.~,~ 

mum tlCchanic work on it, and replacing a proport!·~.:1 ,-,:· the 

pulp \";ith relatively lonG z:an-t1:1Jc fibcl'u. In -:hn 1'::t.:·e1!'..?, ~1! ! 

of the rulp nay be replaced by rr:m-madc fil1crr. .1I(J·;;•"1,·r , jf 

either part or all of the pulp is replaced by rcla~iVl~ly lo:;~ 

fibers, it io found that the Li.ttor tend to 1.mtn1:r;lc .in lt.n 

tnnko, pipec and pumps of the production cquip~cnt and lu~p.i 

and sf.ringn appear. The rcoultinr, web i~ therefor of vcr,v J 1.·.·I 

quality. Two thingo c:u~1t be done to uvoid this- thL· r1·o:wrt.i,.~ 

of water. has to be increased corrnidc:rn.bly, a."ld thr.? 11 n;:LJ1 l: 
the man-made f ibcrs hua to bo ccvcrcly limited, un 1 ,~;;:: t.i:P 

!i bcra nrc of a apecin.l type cxhi bi tin~ hiGh <lcr,rn·u of cl i :;:• · :· · 

oibility in wat<:r. Inc1·caHing the nmount of watc::r t;.;.·J !- :·:. 

rioc to :1 .number ot practical problcmo .• 10.rgcr pi.4; .. r,:.:, pi r:::: ;;r,.: 

.... 

- • l 

' 
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t'~~::::~ a r·c r<·n·: i r1~d tr> handle t.ht! i ncrca~ed al!lou:: t of wa ~ 1~!" 

b11 t. ;: •. •1··: m.l.J c.::· d if fict1 l t i~:J arc cncoun. · crcd at ~he \':c b for~:1 · 

t.ion :;t.:ti~C, in the ~;o-c~1llcd head boT.. 'l'o hanc!lc t~c lar.::c.: 
a:;111u:1 t .; uf. \·:·1~.1:r t.h\·r-::, lhl: w1 r ... 1:> j ncl ined t.o fo:-:n a pond 

( 1-'i;:m·c H) ~1,1'1 ~uct.ion i3 applied fror.i under th~ \·:i.rc to 

a:>!1i:;:. \.he r~::::oval of t.ht: ":1:itcr. ~ucn machines <~qu.ip!JCd wi t.h 

Gpcci:ll pu:ir:; to hr!ndle lonr. f}iH:r stockB c.rc built !or non~7 

w~1vtrn ;r;~;nt0f:ic lure by three co:r.p;1nics. Two of thc:a arc luca ted 

in Ge1·:.·.·.;.11y,· t.:w ,J .:.i.Voit!1 Cr.;bH - i!cidcnhci:i, which r-roduccs the 

Hydroror·:-JlT .. -.~t.-Jayjrig rrnchinc :m:i the .i3rudcrhnu~ :.::u;hincnfab= 

rH:, \':hic:h n·.r,;.:fncture::; the r;u·;;ofort.er. A t.hird cc:::r;:m:;, b:t:.~= 

cd in ~he Uni~cd Staten, the Sandy Hill Corporat5on of Hurl~on 

Fallc, 9.Y •• c~~ufuct~rc3 the E0tofor=ar ( Fi~~=~ 17 ), which 
has the wire o~~h runnin~ around a perforated cylin~~r and for= 

minr. :;o a por.d. of the f ibcr 3UGpension. Thia cocp<.'.ny ::~l:c3 al= 

~o a rJ:~chi::c with an inclir.ed wire, v;hich i9 cai led De 1 tafor~= 

er. 
The \':1~bn for;icd on t.hene cachinc5 are bc~t dried on thrO\;::h-

. air-<.! :·ycr:J, such al:i mo.m;facturcd by FlciGnncr G::'.)ii, G~r::.;:.r;:\, 

where th~ v;et \':di i:J dried on pcrforritcd d!-u=3 t:-.-:·ouGn ·;.: •. :.:n 

air i~ sucked fro~ t.hc out5ide to the in3ide to civc ~ loftier 

w~b. ft si~il~r dryer, bat w:th a flat wire, is produced by the 

A;·,!1 Corpora.tion,USA. 

The laGt dry fnrmi &~ Lcchniquc to be dealt with i~ the web 

forr:nt.ion by r.;pin cxtru~;ion.I-rincipally this typ~. of v:o.:h for= 

r.iatic.m work~ by extru:;ion of a polyr.:cr cclt or 6olu~icrn cf a 

fiber formin:~ polymer throu~h a ayotcm of orifices into ntrcaffi= 

inr, air to gi·rn fibcr:;,wllich arc dcpo~itcd on a movjr.c; :oupport 

Euch a3 a ~ontinuou3 belt er ~crccn or a perforated d~u~. 

Quite a nu~bcr of polymers can bo transformed directly into 

fl bnr \•;cbfl i f.:>r in:Jtr~ncc polycot<!r, polya::iidc und f-ulypropy:.: 

lenc. One method of producin~ nonwovon webs directly from tho 

po]yr.;r:r ia t.hc technique of blowing or npraying f lbcro formed 

fro~n I.hi! polymer in a Rpraygun onto a moving and perforated 

llCrcen ( t'it;urc 18 ) • 
1a:.pu~1i t..ion of :1n clect.rostat.ic field on the fibcru as they arc 

.. 
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for::.cd helps to ic;provc· the web qu!"lity. The nrr·~n;:crnr:r.I. ( ·· 

~uch a web for:ni n~ unit is shown in Figure 19. 'l'he Hpr:q : .·•·1 

forr.is one electrode, the fiber rcceivint~ screen the ot.her • > c. 

trode. 
I.not her way of f ormi nr. fibers nnd fiber web in onE~ :J t"I• i :; l·y 

utilizing ccn~rifUi;fLl forces ( Figure ?O ). A polj·:-:.:r ·· -:: ·· 

su11plicd to rotatinG jct3 which arc ::mrroundcd 'by movi1~.: iH!! :.::. 

The. three me_tt.ods ju::;t de3cribcd lead to fi.bc:-:. w!:ieh · '·;· 1-.<1i. 

stretched. The optlm~m fiber properties nor~ally achiev~~ Ly 
fibcroricnt:ition arc therefor not. fully develop,::.:!. 't'h=-1~ : .'. th•.! 

re~1~on that mr.!thod9 of forminr, fiber w<?b~ by spi!l ex t.ru::; ""• 

wh~rc the fibc:rs undergo an orientation are prcf~.rr,~d o·JLr 

tho~c just dencribcd. Two methods working with fjbcr orit·:1Lat~ 

ion \Yill be d~scribed now: ( Fir;urc 21 ) (Fi:;urc 22 ) 

The uolymcr- for inntance a polyamidc - is cxtru~i•;d f n:;:i a 

heated extruder into a mrmifold, whlch dintributc3 the n~ltcn 
poly:'ICr ~o a system of o:-ificcs of about 0.2-0.4 ra:n \";i1;t!·1. 

The fiber~; formed by pressin<; the hot polymer mnl t. throt11~h 
the: orifice:; arc C:iuf;ht by !l3treri.:n of hot <iir anj i..~.1 to a 

ut.rctchi~g channel, where the fiber orientation tnkea pJ3cn. 
The hot ai:- st-real!is iit vclocitien of about 27G c/~~c, th~ di~= 
t',cter of the fibers changes from O. 3 cm to 0.006 :::m. ·n~.1 f iucr3 

are collected on a perfor:itcd bcl t or drum aitcr r.!w in.~ pa~;scd 
the stretching ~hnnnel.and deposited by suction.,~incc the 

velocity of the fibcro arrivin~ on tho drum ~urf~~c J3 ~~ch 
hi.:,hcr t.han the spcH!d with which the drum or bcl t. cr.v<~~•, WI 

ex tcnu i vc c;• t:inglc;o~n t of the fibers i!'l achicve<i. The ct1 vcr~~ 
in~ effect of this method in improved , when the sctn L>f ori~ 

fices arc moved to and fro. 
A nepcration of th~ fibers to improve the uniformity uf Lhc 

wcb3 can here aeain be ac~omplished by nppl~in~ an elre~ro ~ 
ota.tic field O'igurc 22). The fibers arc formed by a ::.v:;t•'Hl .. f 

orificco, rccovcd and otrct.ch•"ld ·oy a number of roll:.; wi!ich :1ro 

running at incrcnoing spced3. '.rhe f i bcr tow p:u;:;c~ a unit. • 

whcro tho fil::unonis receive n uni form charge, fr·o:n t.hi=l'l: t.h•_;Y 

are transferred by otaiami~r; air to a croundod bc:l t , wi1•' rn 
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Uw ri.-ir1~;! i~• n~utr ... J i:. :i anci a r::ndom web is forµl~d. 

'l"li'-· ~·.:.:tmi•;U•! Gf n1.in !"orr.!.iq; of nonwovcn5 is in A-:;.: t.ri:i r.::;-: 

pl o.:, t!d bJ t!hc::i ic J,in~ AG, wh•:re nomYovens for 3cveral purro:.:t;s 

:tl"•! J.l"O'HJG·:·J l°r:>r.t ro.lyf.!"Oi'Yl• ;,e. 

Ina t.<?ad of nY. truf.ing a polymer through n. number o~ very f:im·1ll 

thr'>u;~h a n<!rrow slot nnd •.he film ca."l be slit into fil~::icnts 

l'Y bl :l·~c!; or· ::!~:1r;. :"!.nd n:irrow l'df:co. The filament!> can t.hcn 

be for~cJ inLo non~ov~n webs. 

J.!o:; t. of t \1·:l wE:b forcmtion ~roc'1:3SCS described co fer rcsul t 
a •~:it. oi' loo:;c fibc1·3, v:hich is too v:t:ak for furt~~r ~::-occssing 

not ~rcnki~~ nbout a particular end use. The fiber in the ~at 
haYl! to l.c bord!!u to <?:~ch ot~er to give Gtrength to !.ht? ;•teb, 

which means in other ~ords that ~hey h~ve to be li~kcd ~~ each 
other. 'l'hi:; can be a•.!cc:=~li~hcd hy a r.~::.bcr of bon~ing i::.; thoi!s, 

~hich nre lisLed in the following t~ble: 

J.:cchauiCCl.l tonti ing 

Adhesive bonding: 

needle pun~~ing 
3tltch honcing 
ir.iprcr.natinn with polymer solution or 
polymer di~pcraion 

. coagulation of a polymer din;>cr3ion 

s~rayin~ of a polymer diopcrpion or 
nolution .. 

printi~~ of a poly~cr disper~ion or 
oolution 
bondinr, with fo1med polymer di~pcrnions 
or uolutiono 
bonding with polymer in powder fore 

Dondinr, with fibera: by uoe of heat 

n pin bon<l inr, 

by uac of 30lvents 

self bonding 

One way of incrcnoinb the strength of a loose fiber rr.at ia to 
form int.cn:;ively cnt.nn~lcd bundles of fibora. Th<: di:ltnn~cn bet=-

r 
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W\!\'.'?l :;uch nint_~le bunrllcs of fib1:r-3 h:Lvo t'> be v1:17 1~10::\: ;_,, 

gc t an even strength dhJ tri bu ti on. Thin forr.iation of a c ll•;;1: 

net.work of bundles is achieved by p~nchin:t the lo(':H! !'.ib1·r 

nct-.vork with npccial needles, Y>'1ich nrc nrranr,cd in a ':t ~·.1 cl•J= 

sc pattern on a boar::i, which move3 up and <i~·.vn. A :;L1;~ie r;in:

chint; needle is shown in Figure 23. Th!? nc~edl.:? h:.~:: a r:•.;··,: .. r 

of sr::all hooks, which c:itch a bundle of fiber-:; of :~bout ; ·; -

20 ningle species und punches them throur,h the fio1~r m:i:. , 1:i= 

thcr vertically or under an aq;le to the plain of u.c r..'.'l.t. 

The punching is performed on a n:achine callt:d nce!ilt: l oc.:::i. 

The si:nple schematic of such a 1:1achine is shovm next ( i. !r,.u·c 

24 ) • A belt tr3115t>Orts the lOO!:ie fibc!" mat to t~·:o r;crfli:-:tt•.:c! 

pieces of f>het:t metal, throu~h .,.,hi ch the nccdlen r..~ve '4P :t:11. 

dO\m. A pair of rol.1.s removes the densified fi bcr w•!b, ·::r. l ch 

can be even further strengthericd by other brmd.i nf~ z:;car.:; •. ·.::~h 

as fi~~r ohrinking; a process resembling that of wool ~~~~:~~G· 

(Figure 25). 

Si?:iilar bonding techniques have been developed fror.. ~ t: ·Jc!1 h!'-.!1=-· 

·ding procc:rncs mostly employed in Eastern Europe. As vz:i: C..: 
. . 

explained la~cr in r:iore de ::i.il, s~i tch bcmdir.~ p.rncc~:; ... : : :·. · 

c:-c:is1? the strength of a basic v:eb by 3t.i. tch.ir.r; ~:'lreao~• .: ?! i.o 

the web with a nu:tbcr of nccdlcB. Not using a tr.read b:;.".. .~·1.;t 

exploiting thn increase in web ~trcngth resul tin~ fro::, }.~, . .-.;.in~ 
fihcr:; throuch the web by the nction of the e>:?ply nee:!: 1::; i:J 

very similar to needle punching. Two processes o( thin V:p•! 

cxiot, \Vhich are the t.!aliflccce ( German Democrat"ic i-:l'~;;.t:I ic) 

and the Arabcva pr ccso (Czccho~lovakia). The fir:>t i~: :t. !"ivcd 

from a stitch bondinc process called ~aliwatt, the l~~::- fro~ 

a otitch bonding procc3s called Arachnc. 

In th(? MaliVlatt process, a fabric is prod1Jccd by sti lchii./'; yarn 

longitudinally into a fibre w<>b, with the fininhcd f:ll;··.i.c h:1·.;~-:~ 

a yarn content of 6 to 20 ~. A full r.~alhvatt line co~1:·-!_;;t.:1 ('~· 

a hopper feeder, a brca1<~r curd, a fitaiGh card, a cru!::: las·~·; r, 

a tranoportcr, a L!al iwatt ri:achi ne and a wind-up unit. •;'!H: b:-1:~ i c: 

Arachne procecs io nimilar tc the Maliwatt oyutc::i. '' t.h i r<t •~ 1. i 1.\~:1 

bonding proccns ho.11 been dc\l'clopcd in Ru~u:t:i-th11 r.<~HV ~;y.:t.1·~. 

which is related to the Maliwatt and Arachno proctrnsc~:i • 
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'!' .. ,· J1:-lr1t: i :·le of ~;t.i tch bor.dine 15 1lr:c:o:rnt.n~t.cd by the fol:.: 

1< ... •:!.n:~ f.irur~ :?6, ~howing the Arachnc process. 

'i'ypical c:·,t.a o!~ a r.:alb1at.t r.nd anAruchnc Jilachir?c arc co:tpiled 

in the :;,:::t. tu.tile: 

f~achi ?!•"! type Mali watt Arnch:te 

Y;iuth(::1!;1) 2400 2400 

!lul!;br;r (Jf :; ti t.chc:;/cinu te 1500 100 

r::ini:;;:tl lcn~t.h of stitch( :::o) 0,9 1 

r.:nxir:i:t l lcn;:th of :: ti tch ( Cl:?l) 5,5 5,9 

·:1cb wci,:llt cinir.:um(g/m2 ) 100 100 

riaxic:u::i 1600 700 

Meed 1 c:;/?..5 r:r.i 14 12,5 

Another -::my of incr~nair.~ the strcnr,~h of a web i::; by appli= 

·cation of ~!l nchC'!;ivc to the web, whic~ glues the fibers to= 

t.i on;; 01· lret.tcr di~.;rcr:;ion3 are avail3ble for this purpose: 

J::ttur-al n.r1d ::;yntr.ctic rubber fo~::ing polymer latices 

Dtnp~r~Jon3 of acrylic polyccrs 

Di;;pcr~don~; and Golution~ of vinyl polymers 

Mo!:t of t.he pol::!!!crs arc applied in the for:?i of p;.ly::icr dis= 

f"..?rnion!;, which nrc prcp:~rt~d by poly::w:-izin;:; :m t>:!lulsion of a 

r.:ono:nr:r in the prc:.;c:nce of rut initiator. For tl;.c prr:jlr..rn. ti on 

o.r rubber laticc~; bu tad j ene, acryloni trilc. ntyrcnc a?1:i 2-

chlorolni t.adienc ( chloroprcnu) monomers are uned in di t:crcnt 

r:or.ib.in·\~ionn. Tht! ~o call~d mm-lati.ces consist of bu:~;diene 

-:!cryl on'i lri le copolymern, v:here~.s SDR-laticco are i> tyrcnc

bu tad i enc laticco. J>olych loroprcnc diaperoiom; arc cal led CK-

Jaticcn. 
Dicpr.:r~;ionn of acrylic JiOl;:.ners ore 1:1nde fro1:i ncr:/l<mlt.rilc, 

ttcryli•rnldc, acrylic ncid anc! it.s cot.ero und tr.c arp·opriatc 
homoJui:u-:?s of the mcthacrylic sc:rion by emul::iion pc:;11r.crlz:i.~l~· 

on. 

• • 

I 
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... ' 

Tt~e third group of polymer compounds used as bond i :::~ ad !1 ... ·. •: : 

for norr.-:oven fabric9 arc the vinyl poly::1cr:1, which url• pr' ;•·,:·,:,! 

fro::i vinyl cster~i of ort;anic acid:..~ ( vir.:;l :ir.!ctat.c}, vin:ll ·· 

halogen containin~ vinyl rlcrivativcs (vinyl chlorjtl~ ~nd v~::·!1 = 

dcnc chloride) nnd styrene. Wat.er :;oluble vinyl pol:;:r.n··~ a~·;· 

polyvinyl alcohol and polyvir.yl ryrrolidor.r., which c::'1. 11~ <'r.. 

ployed in the form of their aqueous solution~. 

Quite a number of methods of applying a poly~cr diuper~iun or 

soh1:~ior.. to a nonwovcn basic web arc at h:ma. 

The di~~cr9ion can be brought into c~:1tact \·~i th t.he ba::i c •H:L 

by dipping th~ web, su~portcd by ~crecns, jnto the di:·p~~3lcn. 
Two ex:!mplcs of such .in application are reprc::>~ntcci rJ!' the 

next sche~atic drawings (Figures 27 and 28}. 
In the ccurse of the hycirodyr.:-t.t:ic web fc-r::rn.tion pre~.;;·:;, bind·"' 

er ci~;pcrsions c:ln be added ~o t.hc process water. 'Ihi;; t.i!'1:f 

poly::-,cr particles are attr:icted by the su:.;pcndcd fibl:r~ c!G 1..ti: 

:ccul t of an elcctrokinei;ic effect c&u:;cd by op;.:·c:~ i ic ct,'..~i.~~e:; 

or the fibers and on the particlc3.The polymer dispcr3iOn co= 

at;uli:.tes fir.ally on the fiberc, giving strt:ngth to ti•c f.!u;.r 

web after a drying ~tep. The mct~od i~ known as the ~<!.-~nd 

addition of th~ binder. 
The Ci aeo-proccss for:ts fibrou:J coaeulc.ted poly:ucr~ !'ro;:l bin= 

der di5~ersion~ just· before npplyinc them to the wub durinc 
the web formation.Thio ha3 the a.C.vnntage thnt mor~ or :he bin;-: 

d~r is rctain~d on the fibers, which ~cano that i~c L~ndcr 
application is more effccti ve and uniforinm which in ~urn mt·an;; 

thn t the increu!:c in strength of the bonded web i:'; :--.uch hi ::h<· !" 

thnn 'V'li th the conventional wet end addition of binder db;pl'l';· 

iono. · 
A oimple method of applying binder d inpcrnion3 to th~ \ia:1i c 

web in by sprayin& thC?m. It ia J'oo:;iblc t.o npray b!.IHi. :;i,w.; cd' 

the web with npproprint.c equipment ohown in the 1wxt. t'irur1~ ~ .. ~, 
where the upper side of 1.hc nonwovcn web i3 apray<:;d fl r~; t., :.i:· r1 

dried, turned around, sprayed and dried Ar;ttin nn'i r'~·~ltHi ui'· 

Tho polymer diopersion or solution can be applied in a r. 1
•!': 

• .. 

.. 
.1 

r 
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mer fil:i Clfi lty ::;pray.inr, :l:iti dippin1;. Several r:x:-1.~r.lc~ of ~i1r; 

Or~.:; :d;;:.Jy d,:;r;.~lo;-icd r.>elboci of printi:i~ nom·:ovcn \":cb .. • iG i>:: 

r'>t:t:·c:1· •;-n :-:·i::ti:u; ;rn dr.·vL .. lOff'd by the _turntrian fir::i .!'-li::..;:~·::·~• 

l:ir "r. :... lwl lo..-: roll o~ flc:dule :;crccn ( ?lr.urc 31 } i~; r .-:i.d 

to t :,~ m.;rf:1ec of the p:?.n::int; v:cb by a bar and a ra1:-:1&ne; cc.: 

nnatu U:·} ~;·u~r·ortin{~ cor.".'•:yor. 

The: a·iv··.nt~l;:c of print. li~:n".ilng h; that the rcnulting no1•~·:ov~n 

f:~brlc:• h~!Vf~ :i r.:uch ~;oftJ 1· hand t:hn.n the product::; fro::i ho:-.;.::!L:; 

b;; i:-J:n··:~rrn~~ion, ~pr:!yir\:, coa~t: l~tion and other:;. 

To inert an~ th~ utrcn~th of a nonwovcn fabric banded with~ 

pol:)r.!'!r binder ~vrn further and to i::iprovc its cu:-abi li ty to 

\·:~1;:;iir•i: and .d17 clcaninr;, it can undergo a heat tr~:l-:::cr.t 

after Lhc binder applicn:icn, for inatanco ~uri&C the ~~~i!:, 

:itcp. ·;.·he st.ru.ct.ure of t:1c bonding pol:,•l:lcr can be cuch tr.;i~ ii; 

cro~~linka under t.hc influ~nce of heat, esp~ciall7 by th~ ~~~= 

ion of particular, mo.::;tly :lcidic C'.\talyflt3, -::hich :ire no!""::·· ~.1;r 

aC:cl.'d io the pnlynr.r dl:>f\!r:>ionn or solu tior.:.; bi:iC?ri! r:.r~ .! :'.~ • • 

ion. ~tu~, a network of polymer ooleculcfl is for~~d. 

On;} ot. her way of appl ~·in:; the polyner di ::>pcr~io:'l or col u-: i o~ 

iG to ftJ.1.·::; a ~:;:r.i of it. \'.:th the help of cnul31fier:; a~:i ";o ~~P;>= 

ly lho fan~ glth~ blade en ill~~trntcd in f icur~ 32. 
Another altcrn~tivc no far not o~alt with is to v~c the roly= 
r:i.cr not a::; a cH~;pcr!licn or a zolution but in th~·~;cl.l<l :.;t:;t.e: 

i~n a bondin& po~dor, in the form of bondinK fiber~, in the fQrO 

of a r•ctwork of bondi:v~ filament.a or au !'Ura. Ther:::o:·:~..:.~:~.i~<1:; 

or cv:ullabili ty in a 5ol vent arc the condi tiono f<"': a;;; 1 y!.r.;; 

tho bonding poly~cr in the solid state. A nimple device for di= 
~tribuLing a polymer powder on a web is chown in !i~ure 33. 
The powtlcr i~-: i.Upplicd from a nioraec chcnt to a. vHJrr.ltiri,~ 

ucrc1:n by a ruffled roll. 'l'he vibrnting :;crcen dintriuut.c!; 

the J•Otv•h?r evenly on the web, which is then heat tr~atcd ar.d 

coruprc:..:sed. 
Bondinr, fiber~ arc proce:ocod with the bo.nic f ibcr:; of the •.r:"b 
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c:ak int; up a sn:c::.11 pcrccnt:iee of the total :fiber:;. 'rhl~ :• • ·._in:: 

action of the fibcr3 is activated by heat and pr c::..:!'!tH'\! c:· hy 

a n<ilvcnt, which may be even pr~:>l:nt during the fo.:-~.::~! i•::1 :,i· 

the web. A!l cxo.u:iple for thi:J is the apy,licntic:n of ri~•l. ·;- i:-i.:·l-= 

alcohol f i b<'rs in the hydrodyn:i.u:ic vwb foro:i nc; J.·:-occ:::. 

'l'hn bondi11r; fibers ci.r. be made of modi fi<~d ccll~1 lo:..~c. · ·-r. ••.• 

tl1r. RAR fiber of ,\~t!ricn.n Vi::cost? Corp.,a ~ilf!i~~.l~~:LJy r. ·:r.d 

ccllulo~c :fi~cr, or the Im lvl fiber of the s~::;t: f ir'7', - t:!; 

is n vi~co~c fihcr with n structural modific~;:.i•)r. ( !Hr': 

·bcr ), cclluloce acetate and triacct&tc, polyvi~yl nlct~ 
' 

copolyccrs of vinyl chloride and vinylidcne ch loricir.:, •. ..;: ··; n.1 !: 

bl id d . ... t ~ ( .. ., ~. b 4" ••• k G . "l C ) c or e an v1ny .L ace a .. e ;. .... - ... l. er o... -.;ac ,:r no: , ... -,·-.·:::J 

c.:1orinatcd p:>l:;vinyl chloride ( FC-fibc r) and Cli xcd p•; i ~· ·:··r~~ 

Of the polyestc.?r typn ( COr.binntionc of C'thylcr1C Cl,YCC~ ;:r.~ 

tcrcphtal ic and iso;:·htalic acid) 

Th•? bonding fiber can be employed in still another for;. >; ..... !1 

ao a netv:o?'k slit from polymer fil::i .. The fil;:i i~> cut 1•:; ' .... ~ --~ i.·1~~ 

lmi .. 1es in the fore cf di:;c~, which arc ~nt'1rru~~tcJ ln ;; _.,,··:::.!.1~ 

of lheiJ• ci:-cu::i!'ercr.cc. '!'he next f:ir:urn ( r'.icurc ::.1) ~.n. ·· .. ; f·?l 

nrran.:;c:r.cnt to prod uc~ &uc!1 ~- poly:-.cr nct·:;crk. f. n..: t\·:u.::;. ·• :' 

polymer filn.Dcntn cnn be als\, cr~n1.ed by eY..truciing ti:-: : ., ! :·::-:.;:r 

through spinncrat::; sittint; on a hollo.-· chaftr rotat.inr· r.t.-L;!'l~l~r= 

currently to cac~ other (Fir,urc~5). 

Spin extruded v:cb3 c~1.n be b~uded by S'.iCh cc::::.:ci:'l ~!'.!th~.. ···: \11;:p1.- · 

into di~percions, sp~ayinc or printin~ of pols~~~~. L;;~ :~~ir 

O\·:n thcr::io~cnnibility can be utiU~l'd to bor: t.hc:c; i::-:-.•. ·i·~-:..~Jy 

hfter for~ation by pressure or hot ~qlandcr.n~. 

Web fori:i:ttion and bondin~ te•.:hn1quc have c.n influenc.'. ·~1 ttw 

pro due ti on $ptH:d of nonwovcn fabrics. ?he f ollc·w~ ng t;: ·' ' •. 1: ,·;r.:i!'• 

ctratco ( Table 5 ) that even the output of th~ c;l0'l11 :;~ nonv:<1';· r. 

process in Iriuch hir,her than the output of convcntic,r.·:l t•.::d.JJ,. 

proccsscu ouch as knittin~ and weaving. 

'l'he very high output o! pa.pt.>r m:1chincs ha:J, in the / .. ?.·;., 1:lv· :: 

quite some i:npctuo to the dcvulor.rr.ont of the h;,•droli:."· ,;c: w •. :, 

formine methods .But. so fo.r the c::cpcctat.ion:1 in th1:.:~~ ,.,·occ::;. · 

03 have not been fulfilled bccau3c of t.hc prob.lt::.11.; i :1>.J v•.!1J : '· 

handling long textile type tiberc jn tho papt;Tf.i:-1kiu•; ;'rocc:-. • 

., 
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Tnblc ~. Cu~p~ri~on of typic~l ratca of produc~ion of n~n~ 

,·;oven :mu woven fabrics. 

l'npcr 

~;pin c :~ tru:.: ion 

Adh1:~iv•·l:; oonde;d ncme1ovcn 

:.:cchnic:Llly bonded nonwovcn 

Knjttin~ 

\':cavir.;; 

H:m:!wcavjng 

'.i'a1m:;try 

Production 
a peed 

30Cc/:::in 

75?:/tlin 
30mll!lin 

10::i/oin 

1,5m/nin 

1,2&:J/cin 

0' 3c/::i!'l 
3crJ/day 

/.n!iU'!.l out= 
put/:·11:.rt 

40, Oi.JO, CCO'.: 

: 0, OG(>, OOC::i 

4,l'GC,000~ 

5GO,OCC::. 

700,00C::a 

10,0COc 
1,000~ 

10::i 

f;N:-:mv~·n fu~r:ics 1-:·1y under;-:o a secondary treat:!:r'lt. after web 

for~~tlcn ;~d bonding, ~c3dJne to certain dcei1cd prorcrties 
or rroriuctR. The fininhinc m~thods c~n be divided ro~:hly in= 

to c~chanlcal and core or leas chcfilicnl methodn. 

?.:•'Chnnjcal fi:ii::t1in[~- uoed on r.onwovcr. fr:.bricG nrc cal~1ndcri~r, 

and cmbo;.nine to .i1:i~ose a ~r::ooth or p~ttcrncci :.;urf::cc, :::;hrini:i::;, 

in hot \va Lc:r or hot air to increa3c its otrcr.cth, pe:rfo:-atir.~; 

by r:li ttinc or by nir and \•;atcr jctn to incr,~n:;c the drapa'bi li ty 

and co~1f.::ic t inr, to improve lhc sof tncn3 of the Hor.woven fabr:! c. 

All.:·an1 on t:·t·:1 t.ment rrny be? applied on nonwovcn f:-1bric intended 

to be contrud to produce oynthctic leather. So~c nonwovcn fabricn 

nrc cont.eel with heat uen:Jit.jvc adhc~ivcs, which are u~;,!d ir1 t.hc 

;.ar:nent induatry ao interlinings to be fused Lo the 1.prr,;cnt 

r:!t.hur th:in Sl!Vln t.o it.. Ot.h<Jr coatir.r, impart t'lnmc rC!tnrdanr.;;, 

w:•.t.cr n•JH!llcncy or ~ntint.ntic prop,:rtico. Cle:moJn,~ or poli:~h== 

1 n1~ :.~ d :; arc ;1ppl icd to nonwovcns for the houuchol cl. 

~'hick coa t.o of J.H>l.vv j nyl chloride ~nd polyur\: thane: arc com:> incd 

with nonwovcn tabricn in the manufacture of :;ynthctic leather • 

... 

1 

' 
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4. Pi b:'"ous raw m1 tcrinls for non:•1ovcn f :.~brica. 

It v13s cent ioned in t.h.:? be~innirq of thi:> lr.c turt:, th·1 i. ? ..... ,~~ ! 

ar textile fibers and fiber9 e:;pecially cn~incered for lH)?1-= 

o::ov€:nD ar\? u~~d in t!lc manuf:~ctu:-c -:>f !~uch f:tbric~. Tb-: .·!!"':·,·.-; 

of p:irticular typc:i of fiber:.;, differentiated by chc:·~.i.•::d. ~ L .. ,_~-::.

ture .arc cocpiled in the next table 6: 
Table 6.!.;h~.ir\? of r~bcrs u3cd in nonwovcn::., by ch..:::.aic:.:.J. .:~.!.lct~:r~! 

Fiber type 

Viscose f ibcrs 

Co!.ton fibers 
Polyc::.ter 

Polyac.ide 
rolypropylcne 
Ac:-ylic f ibera 
Others 

Share in perccn~ 

45 
8 

15 
17 
1 
4 

4 

A coop:irison of the -n::iount of vi:.cose r.ayon fihcrn 1 ~•;d in 

nor.woven fabrics with the fully synthetic fibc:r::; '.rev~ t~ .. :; that 

~h..:y con:.l.i ~.ute the r.:ajor pa.rt of the fibers u:;<~u· i~ t·:·· !lon~ 

\·:ov~n industry, sur1~ounting the total of the :1.v!1tho tic:..; i>.'{ ca. 

6 percent. nut the oh~ire of the fully nynthctic fiber~ j:; in .. 

creasing con:~ tantly. 

Typicul fiber dimcn:Jions of viscoao fiber3, polynmidc, poly "'" 

cotcr and polyolcfi n.P. fibers for the different. proccJ:;•.:;_; - wl't1 

f or:a:ition by r.1cchanic, acrouyn:-1mic and hydrodyn~l.t.1ic 1~11:·1nn and 

by dirilct npinnin:; - are cc1r.1pilcd nuxt ( Tabl<J 7 ) 

The aerodynamic procc!>s requires a certain rc<luction 01' Lhn 

fiber lcnr,th and special fib or fini&htHJ to mi rii mi~~c l.hl: ll'.1 Ll .• t

up of ~tatic electricity.Very fino continou:J !il:1m•.mt i:l 11.;.·,.1 

for opun bonded woba. Pibora tor tho hydrodynu1:.ic proc<::.:1 h:•Vi: 

I 
: I 
: i 

01 

T .. .. 

j<'j 

Vj 

Pc 

l''· 
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t~> :.c :·:hort., v·.:ry ~•hn::.·t when the f iocrn nre fjr,c, for jr.!:::: .. :cr~ 

of 1.7 dtex, t.o achieve good di~tribution ~"ld fiber separ;.:.~ion 

in ~·:at.er •. 

Tabl1: 7. J>i~1~n:;ions of fibers u:;cd in nonwovcn fabrics. 

1''ibc-r type Proccns 

aerodynamic spinextr. hydrodyn. 

Vi~cose fiber!J 1. 3-56d tcx 1.3-5Gdtex 1. 7-·tOdtex 
40-Bvra::i ;0-50~ 5-'-l':::l 

Poly:!.cidc 1.C:-22dtex 1 .6-22d tcx 0.5dtcx 1.G-22dtcx 
40-£.!0Cir.l 30-50cm and up 6 r - ;. =:i::i 

Polyester 1.3-44dtex 1.3-44dtcx 1.0dtex 1.6-8.9dtcx 
40-00~i.l 30-50mm an~ up 6-25:---=i 

Polyolcf inc 2.0-30dtex 1.0dtcx 
40-f.:Om!n and up 

Ac a rula it C[;Jl be said that the fiber length in r.i:n sho:Jld not 

cxc<H.'d .tho fiber fineness in dt.ex times three to .iour. A f.7 
d tcx .fiber G;-.c>ulJ therefore b~:: not lon!;cr th::in 5 to 6 :··:: t.o 

r,u:irnn~cc the formation of a uniform web in the hydro~:nnr.iic 

vmb formi.n!; proccso .Another cri tcrion of fibcrc for i.h,1 hydro:: 

dynumic proccus iB their exact cut. Only very nmnll fCrccnt~~cs 
o.f lon,r~cr 1'ibc:rs opoil already the formation of 1m unl..i..'orm v:·-~b. 

The ncwont rlevclop~cnt in fiber cuttine mach1ncry, tho tow cut= 

tlng r.mchinc~ of }t;:-.:,:;tman Kodak C·:>rp. and of Krupp Spir.nb:iu AG 

wi t.h the nar.:c of l'crcut 2000 gives very good re cul tu ~o !"l = 
fill thin rcqulrcm~nt. 

F.;:·"':1~ncr:1 ~r.o cell ulo:; ie fi b~r:;: Danie ally :tivo types of vj ceol'te 

1:1 bcro aro available, which arc: uued in all of tho di!fcront 

I\ 

I 
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rer.ular 

crimped 
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hi~h wet tcnr.city 

polynosic 

high wet codulus 

viscose fibcr5 

Ti!.c3e type3 are off creel as dull as well m; bri;~ht f ih·. !·::. 

Criripcd visco:.;e rcyon fiber$ rc~;ult high loft \•f\:b:> in 1.~.': ch·:{ 

· for:Jing processes. Polynosic 1ibcrs are suited !·or 'the .:1:>·-•o·
dy:;1:?raic procc:;s be~ause they i"ib"".'illatc during a f;··1.H~~z:; :. !.·.!~· 

taken over frc:!l the paper int!ustry which i:; c~~llt·d :::~f:.!.ni.!~·:. 

This process ~tep help~ to increase the stre~gth o! ~ho ii11al 

product. 

At Chelilicfa::-:cr J,cnzin~ J..G a new modified viscose ra.yc.n t:-'i'C: 

ic in dcve!Opi'!l~nt which offers eood proccssib_il!. t;,· i.a t:.c 

hy~ronynamic web fo::-i:ing proce:rn, evnn \';hen lon:~ f iocrn :~r·c 

.uccd ,and cood water :l.b<.iorption. Th..- r;roce:.;sibili l.Y o:f '..!~L: 

fiber tyr.e ca!l be dc .. 1onntrated by '1 co:r?n:riGon of c;i.r;-;:o.:::·.;i.•'::n 

of the i:todificd and rcc;ular viscose f i ucrs !in.v~.nl-; the ::: .c..: 

lcn.:;th. 

~tt0n fibnr3: The inportancc of cotton in nonwovt~n fn.hr~.c£; 

1:; dccrcasin;~ more and ;nore bccimse of a bct.t::r p~r.rcr· .. ::1;c~ 

o:f the man-r.t:;cic fil>nrn in procl:r.:>int;. Co" .. ton coritu).n:; i:::•uri· 

ti co from the seed !;hells and has the tend.ency t.3 f 0!'f'l :;r::.d l 

ag(~lo~crationn of f i bc,..s called ncp3 which show u;i i 1i t~:c 

nom·:oven web~.:. 

Falvol~!5nc fibr.:::--n: these fibers nre u::;cc1 in non·::•:ivcn f·Jir.ic:.> 

bccn.uf;c of tl:cir rea.:wnablc price and t.hcir hydrcphobic c:h:n:·;·.1c::~ 

tcr. A considerable portion of polyolcfine fiber:; e;oc:~ iiat~1 

needle felted carpeting. 

P~lvn:;tcr fib£!:!.!. r,ive nonwoven fabrico hich pcrfor::!~1:1cu ~:n.; 

<1imcn::;ional Gtabili ty, Vlhich ia the re anon for t.hc ir 1 :1crc:.-: i.n:: 

uuu in nonwovcna. 

Pnl.v~.i':i.iu fit£!!!.:_ p1..:rform bent. of cill fibcr:1 u:::·~ci ir: n·>r,,,.·.·:,n:1. 

l'o.l y.i<:rvl en~ t.!"ilo f i bnru: arc of intorcr.t bc:c:n•.••J of \.. :. ; ·· 
---~----.._;..~~-------------.. 
buH;inc~9. 

~~r:'l_P- fib~rn: regained by mcct.anicul 'lii;intcr,r;il.ion . : ,, .. r ~- .•. 

and yarns nrc uncd in lower grad en of nonw<Jv~n 1· .._.. i r·: .. 
-----'· -----
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:~:;:tt.:t.~t-i~ fil•·.r-;1 can <·:•::ily he pr·oduct:rl \".it.h cli.:.~f<:rer.t .:·r•:·::::

~H·ctlon:; r\~::ul tinr; in certain proriertj c:l ~uch a:~ !> t.1 i-~·;:1::;:;, 

lii;):.~r VJl;;::,!: or t'.litt~:ring cffPCt!~. Typic~l crn:;:;-::ccti.< ::": 

of fiht.-r!I arc: rcprc::;cnt<.:d by th•; next fJ;;urc{r'i!~uru 36) 

~:l1rir.l:ir .. :~ j :: :i :1 ~:o~-~ c:~nc~; tt. dc:-;irable pr-crcrt:r of f i.b,!:-::: :·,,'!' 

nonwoven !:'.lbrics, bcc:-!.U~C thh• ai>ili~y of tl"4e fHwr to ;.~!-.?"i~·k 

t.t-~ r.Gtr::ov·~n .:.~:~bric.:for!~::.lly, f;hrinki.1g i~ ~chicved b~· !l·-··~:.i.:a;~ 

~;pcciall:; e;:;,~incercti ~ynthctic :fibers. Synthetic :fibc:-!': ci' '..!~':! 

t::lin their di:::<rn5ion~ during a beat trcai.mcnt. Ur.~.- t.abllL:'.:d 

fiber;; ra:-~y cx;1ibit r.i:.:ciiutl to hi:;h zh!·in;::1~e w!um hcat.e:d. 

A ul1rinkin~ effect ~ni other cf!ccto, 3uch as hi~h cri~p, b~n~ 

din~ abil-U.y cc:imbinc·d \"1ith hic;h Btren;:;th Pmy rc~ul'tu of :i. ;-;pe:: 

cial fiber co~iGtruction. Two different poly?:.cr~ cr:n be cc.:-:;;:..r:~d 

in on~ ~;yr.thetic fibr>r in ~uch a way thnt they .fer:: a ;-:c:··: or 

lc~s intecr~l p~rt of the fi~er. These fibers, dcvclor~d d~= 

~inc recent r~ara, arc c~llcd bicomponcnt fibcr~.~hcre n~c 

!';cv~:-al -.•1:\'f 5 concci v:1blc for cor:ibi ninr; d if:f crcnt pol;,·=-·-~·-; i :1 

tribaticn of one polymer co~poncnt as ohort or con~inuc~~ 

- .. 
.... - ... 

rill~ in the r:i3trix of the other polyncr. Fisurc 38 Ghc~~ tm 
cxw:.ple how a bicocpcncnt fibC;r with a side by oido at.ructurc 

can be macic. . . 
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5 .?:ewes t. dcvc:op_!:!.cnts in the nonwovcn field 

Of quite some intcr~st arc several proccn:;c:.> v;hich h:.vc ih·1· a 

c:!cvclopcC. durini~ recent ycnrs. One of them i:J the 11 ;::.u:1-J:icc•'." 

prOCC!3!3 o.!" Du :Pent de r~cr.touro,Inc. This 11roc•.;:;3 rro1lt1!' ~: f!( i.

likc nonw'Jvcn f:1bric:J of hi;~h s trcn{~th from dry or wl· t. L~in 

ba~is Y;<.•b.J without any bordine nt:~nt:.;. Polycntur filwr· ·,!·t~ 

preferably u::;ed an the ravr material for the ba:.;is .wo .:_.( ~hh; 

_proccr;5. /,. acne:nat.ic drawing can illu~tratt~ how thi.:'''. r:•:'\ -

laced" p-:-oce~s work3( F::.eu-:-c 39): a fiber 1:r:i> in ic-d ~o :r.c 

r;pun-lacine unJ t on a ccnti:1uou~~ r;crecn :1r1d r:.~:scn :t 

water jetn throuch which water ~3 prc~sctl at. hi6h 

. .. 
::,·r l t::.; Ol 

The wn.tcr jetG act in a si::iilar r:ir.:.nncr ::rn t~ccrllco i.n ! ~,e :i'!r.~!lc:.:. 

punchi n~ process cau::;ing !.rrtcnsi vc cntanu.cr.;1.:nt of t.L .. l":i be:.::•. 

P,y choo:;ing nn appropriate desie;n of the c.cr'~~n, r·~r.:.·,·:-···.t:::d 

in a c'"rtain pat tern, a nonwovcn ia.bric c~n Le f or:.:::c! ~: · ,·; i ~.:~ 

the sar:~ pattern. The products of thit> prc>ccs~ u.?"c ~·;, : l ~:i. t.co 

to be u~a:ci for hor.;e furni!;hin~, such as curtains or b. ~; .. ~:·rt:;·, . .i:•. 

Earli(:r it has been mentioned th:it webs of loose f ii: •:r .: c=~n 

be bo!"!dcd toi;\.:~hcr by n•Jt·;;orks of tb~r?:Lopln:;tic pol~,·::.: :r·:;. 

~uch r:~tworkn urc produced c>.nd di~tributt1d by thu Xiro /.~ • 

The net::; are L.,au~ froci copolyrucr.3 of ethylene, hnvj::.· a ;.o!."t.i-nir~r; 

tcmpc:r~turt? of e2°c ·and a r.wltir.~ point of 102-103~C. ~·:tc! t.rn(:.-. 

nnr.;e cf thc~c proJucts iB "Xironct". A sketch ill"l.t:~-:.r~· ;,1::; i.hc 

u~.c of tr.c3e r.ctdFigurc liO). An infrared hr:;"!tcr ~~1.11· 1 .\ 11:; the 

nc twork and by npplyinr, JH'conure t;o the nonwoven f hl-I·i c l fiycr~1 

cn.n be glued toc;c thcr to fox·m a comp.:w l. tc. 

A nimpli: tccr..nlque to form a hi1;h J1ilc nonv:oven faLr:ic: .~~ a.l.~<• 

a recent. dcvclop::cnt. Thi~ procC:ur. of the :.:\.:tzelcr :·d1:·.•;.m G1:1: 1:r, 
G~rm:m 1"cdcral Republic, allows to produce a 1'ibcr r:i ~c on a 

carricr,which c:ay boa woven or nonv:ovcn fc.bric. A r.:•'lt.i;n ft'•,·\' 

forr.ijng polymer io applied to the cnrricr, v;hich i1; p•:t:J<''l c: .· 
to form r.umcroutl fibcro VJhich Fire quickly cooled :m·i t,;~,rn :; ; ·1 ;, i. 

lizcd.l'olycthylcne, polyp':'Opyleno,polynmidc or roly\•ia;,·lciii .1·:1~._. 

are the polymers, wh.ich can be used in· thill y1rocc;;:.: ( i·'.l['.U!''' .~ 1) 

. ,.. 

I 

'T 
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Table 1. A::;pi:·ctn of the r.l<:r.~ific~tion of ncnwovcn fhbricn: 

'l'hc 04..:.trtinr; r.;:: t.crials 

~he formation of the fibrous layer 

The way of bonding 

!\ 

I 

'· . • . . . . 

•• 
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nia~raru 2. The world•s nonwoven prc~uc~ion 

~··~·"' ~-~-··-·-i-'----·-·--....i-. ____ .._ ____ ....i•r....._ ___ • .__ ____ ....._ ______ •• ______ ~.------~·------~-
19~0 i~44 1948 1960 1964 1968 l 'J~ .· 

-

r 



- 31 -
-. .. 

. . . . 

Fieurc 1. Production steps of nonwovcn mrmufncture 

· I forming I ~....._-bona-·ing_.-1 ~_I _f::-.i_.~::lnt;__,; I 

'· . ·•. 
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Fi fY\I re ~. Carding machj ne 
. -

Y.'1.r:urr. 1. Lapping of web on a continucu;3 belt. 

1-convcyor 
2-:app~ng belt 

3-rccl-up 

I 

r 
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Fif:l;r~ 1.. Lapping of webs froo different cnrd~. 
1-caruir.g cachines 2-convcyor 

Figure 5. 3chcm:1tic presentation of crosi:;-lappj r:r; 
two webs on a conveyor. 

. ,. 

1 
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.E.!!.':r~· 6. :::ob feeding from two cards facing ea~h ott.~r. 
•. 



- 35 -

-. 

. . 

1 

1 

' 

Fi~ures 7 And 8. Croos-l~pping with swincing·apron • 
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Fir.urc 1?. Pchrcr rand~m cnrd K12 
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F~~ure 15. Views of paper machines. 

1-wire bclt.2supply of fiber (otock) suspension.3foiln 

-

I 
I 

' ·. 
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Fi_::~1_::._·..::_](. Vh~i.·: of he:?.cbox of Veith Hydroforcer 

1-l·\ln:-.ti(•n zone 1, 2-for::i::ition zone 2, 3-·i:ire belt 
4-~uc~ion boxca, 5- web 

l•'j ;~.:::!:.£_17. V"i cw cf hi:·?<: ·~'< of Rotoformer produced b;1 
the ~i:mdy i. ... ~ <;ornor:ltion 

1-id.4:•i;Jyin;'; pip~!1;~ of :~u;;pl~:'l~:ion of fib1.:1·n,;'-rcG•Jl~:tir:r.: rornl 
fC>r h::1;J.L o~· :.ur.;hmoin~1.)-water collectlun from :fr,·c flc,,~·:, 
4-nurLion boxcn, ~-Fub plck up roll • 

. .. 

r 
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ll·-:urc H. Electrostatic flockin~ 
1-c<.irrie:-, 2-~.:~~.h.eni vc. 3-flc-ck, 4-f iber mctcrir.~. 5-c ! cc~ rn:t e, 
6-coun ter electrode, '/-conveyor, 8-exccss flockint; f i :ie?-.:. 

·-

~ J\U1 IN 
-~ 

Yir:urc 18. Schematic urra.ngmont !or opray web fon.mt.il':t• 
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Fj :·•;i-·.~ 1 '). \'.'•:h forr:n ti on by fiber spr'lying in an r.lcctro= 
:~tr:tic :'i• l<i. 

1- ~pr:i:.r r.n~:~:·~. ?- cir supply• 3- drying cha!!l~cr .4-convf:.:.:·)r. 
~- coun~cr cl~ctroce. 

Jo'\!'7ure :~O.:. 'iicb form:~tion from a. polyuicr by centrifugal forcr~:i. 

1-c j r<:u lar arrane;1.i::":cnt of :J 1 x convcyorc, 2-rotaUng vpi !"'.ncrct.s 
3-poly~ur cupply. 4- web reel-up. 

r 
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Fip:urc 21. 1.'eo fc,r-m:itj er. from a polymer by spin ex tr~:~:~~=: :1 • ·• 

~~r s ;.re t.chii:g. 

clc:ct:::o•;tu.tic C :.··~· ... : . ··' ··:. 

1-npi rmc:rc tu 9 ?-:-: t, r • I -:: !'. 

3-char(~.i :11,, 4-:d :- .. ·, .. 
vcyor, 6- cou~~t:r· ;. ·' c:. 

' . . . . . 
. ... ; . 

-. 
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i-ncr·.:j,· board 

( -:;t&;,~:·J!'9t 
~ -c or:v~ .\'or 
6-~.J:! l;; 
7-ba •. j c \-:eb 
8-necd lc:.1 web 

-G 

-® 
J·-0 

. Ill 
l -© 

Yirurc 23. Barb~i nccd:e !or 
nct:dle pur.cr.:: r.g 

1-ntcm ot needle 
4-barbs 

' ... 

' 
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Fir.urc 25. Needle looc in a card line. 

p-3 
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Fip,urc 26. Stitch bur.::.:·:-· :,._.. . . 
'the Ar.r.:. c hr: c :. .- ·-·:. · . .: -~ill.: 
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p-; .-i·~c ?1. ·:: h .::~;::!"err.a:; ion b:,r dlpping l·<::twecn t· • .,o 
, .. ~=-- .... -,..:yo~::. 

1-C•)fl"IHYO!" 

?-!·!'•.:~ls roll( me tcr .! :.;,) 

3-trour,h •;i t.h bincicr dispcrnion 

4-~quceze rolls 

Pi .··11?"•"' :>8. ·;::: b ir'.ipr~~gw. ti on by d ippin;~ bet·.vccn t:cref;!'l or.:\ 
:·~ l l. 

1-pc1· for:: ~c1 ucrccn 
'I - '',., r 1•" r 'l t. ''•I '\ ... • 1 .., ( ~· ) 11 ) , ,.,. , •• ' • ._ .• ' • w •.• " •. . 

)-trour~h \':i.th b:!.r.e;;.;r dir.pcrcion 
t.-r;:mov:~ L of c:xccu:; "t:iindcr 
~ -w:1tc1· ;,prny for ncracn cleaning 
l:-:-o t.:! t. i :-1;: lir-u:.;hen 
'/-waste wat.cr 

' 

r 
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Fir.ure :?C?.S:t:ray :ip!)licntion of blnd·~r dis?cr~ior: .• 

1- frc= web for~~tion 

2- sprny c.hai:";br.::-

3- dry:!.nt; oven 
4- reel-up 

Fir~re 30~{belcw) Printing techniqucE for print bonJl: .. -

1- gc1!:~:~ r~·ir.:i?:~-: 
2- ;{ot~:i·;r ::cr·.·1:n ~-rintin& 
3- Int~~:~ l .i o p~ .i ~ t- i !'lg 
4- Flex~ printi~~ 

1. 

--------··· .,. 

'· · ...... 
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:FL·1;:·;· -~i. ;;.?•.'.::~,;ti...,;.··:: of rotn: .. n.·reen-pri!lting 
in~-;:_..:·. I.lat j ,;;_. 

:.;ere en 

roll ba~ su~port 

. rnl l il'.'!lr 

i::~I f.li Ct co:lVcyor 
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P:! ?ure 36. Cros:;-sec t ions of s:;n the tic fi bcrs er:::: ."!i.·c ;, :: 
!'l0!l"NOVCn3. 
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F1~urc 37. Dicooponcnt tiboro 

~hort ~ib~jll~ in 
1n:.1:., r ix 

cont. l r. u. ;-.1 :·; ;· : :. : · ; i : . ; 
:in r1:1 t.1· i ;< 
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b' L~!~! .. '.": ·10. Sp~:-:~ in; of a bicc:::ponent i1 ~er v:i th :;hea Lh-cor<! 
~truc~ure. 
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Fif:'..l!"C 39. '>pun laced proccn~~ 
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Fi r.urc 41 • 1.::=:Tz-0-I.t .. :·r proccns 

1-~xtrud er, 2-nlot, 3- thcr::opl~sti c polyocr f i l.:i, 4-c:'J r c · ·· 

5-ocl~ing roll,6-cooling air stream. 
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·~i"~ ·._· ·:·:i.ilc ·:';•:u!c J'!"c:.;~. 1971 , :.~·.inchcstcr, .Enel:-.nd 

J;:Jtb1: .li:1i1 . .!"'ll!1~:~iku:-atoriu:n dcr Dcu.t!;chcn ~::i:!"t:":chaft; 

ll:-:.~~r!:.·:-.:-11 ::u c:cn ·vort;·'.!~\?n dc:J 52.'.'.'citcrbilcunc~:;e;:~r.ar 1974 
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:; or.;·; .:>"11: ?l :.::~ t i;r i:d~ :; :~·;;; l~t ter 

' . . .. 

~ - - - -

,, 

I 




	0006A01
	0006A02
	0006A04
	0006A05
	0006A06
	0006A07
	0006A08
	0006A09
	0006A10
	0006A11
	0006A12
	0006A13
	0006A14
	0006B01
	0006B02
	0006B03
	0006B04
	0006B05
	0006B06
	0006B07
	0006B08
	0006B09
	0006B10
	0006B11
	0006B12
	0006B13
	0006B14
	0006C01
	0006C02
	0006C03
	0006C04
	0006C05
	0006C06
	0006C07
	0006C08
	0006C09
	0006C10
	0006C11
	0006C12
	0006C13
	0006C14
	0006D01
	0006D02
	0006D03
	0006D04
	0006D05
	0006D06
	0006D07
	0006D08
	0006D09
	0006D10
	0006D11
	0006D12
	0006D13
	0006D14
	0006E01
	0006E02
	0006E03
	0006E04

