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=::::::::::.::::=:':;.====~====== 

a:-·2 pet:i:'oche::nic,::.lly p:-·::fc"J.c;;:•~- ;:,1,.:::::j_;:..s, In ;1!0St ::c.ses lig!.t 

naphtha :5. s cor~·.tertc:d iE to ::;c_·e:ral ga.sG:Ol.i.s 012.f:L~-.s 'by a 

ste=ui1 ~:r-c.c~~i?.g proczs.s c:t ~:2;:r::;:;:c:,t;;.:'~s fl~o"T'. 700 to gco0c. 

2atiOi1, ill'€ obtained (Tc::.blc -; ) , 

Ew;lber of 
C~atcrJS 

2 r·c ... c:~.-... n,.. . 
-: 

,-;':'":' .-,,.-
~..1l."'1..~ - '-..· ~-! 

,"'I-,; 
<_.1 ~,,.... 

-"'.'. 
-- C'-' 

CEr 
.:; ............. ("i..T ..,,, 

CP.? 
I ··' 

9 -- CH2 

CH~~ 

' 
CE-:, 

- r-.":-; crr3 
·-!'"! . ' 

~ 

("'•" 
_,,./ vt!';) 

- CP. ·-' 

CI-: 
........... CH 

3 

CH~ = CH - CH -- CH:;_i 

For the prodv.c tion. of fibr~s p:.:opylene polymers are ii-'.)3 i.~ 

impozi tant. Polyethyl(m~ is aJ.si:> used £or .f·i.bres to set,/_• 

extent. Polyml?rs 0£ higher oJ.efins ( ~ c4 ) are basic mat:ed.als 

£or pla~tics fmd elastomer, but ~Ot f.or fibre production, 
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Tc.ble 2. 

Table 2 - Consu.~ption 0£ polypropylene (1000 tons) 

World 
USA 
Japan 

1965 

31C 

1970 

1350 

Wegtern Europe 

Ea~'tern Eu:vope 

'* estimated 

1.2. Production process 
==~= 

m.ajor steps: 

catalyst pr~pa:-atim1 

polyae::.."ization 

polymc:~r pv..r:i.fica-;:j_o:.-1 

pol)'Tll~-'.' fi:nishir~g 

1975 1977 

2400 3500 

'11 co 
550 

900 
160 

197~ 

4000 

1400 

645 

1100 

2L'.l3 

(see .Plow she~t Figu.:r2 1). F'ir·s·:: the C()Ord:~1.1ation ca~:c.1.: 7st 

(Zieglel.'-}!atta-catalys-t:) coTitai::~ing Tic1
3 

a:-:1d Al(et)
2

CJ. 

is .fo::.."me.:1A Then catalyst sh1rr7: !>U1'ified p?qJylene a:ac1 hyd::i:-o­

ca.rbo:n diluent (hexan.e o:r· heptane) ara Ped into the l'~actor ~ 

~1hei-e polymerization ta.'lces placr:: a~: pressv..:.'.'es o.~ ap:pro:-: .. 

10 ba:rs a:.'ld tempe:rc tv..res ·o~twee~. 50 and 75°c. A polymer 

slv.rry is obta:i.ned, contd.ini:r,g 30 % insoluble isctaci:ic 
polymer. 
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li:1ea:r· polyu.2:.i: .. of hi9'h c~~-ystc..J.l:i.:z::i. l:y ~ a me:!.. ting :~"2,nge 

bet'.:1een 155..:i c:~a. '! 70°c 2.l~d & d.Gi:l::d. '.:.y cf O: 9;. i:;:·:.i2 :::oleG-1.lGr 

As a by-prod~ct 5 
an6. sticky cO?ilpo;__mci o?. c:::·.o:;:·p!lc:..;.s F'? is 00·;~2i£:ed. It 5.s l'.s~d 

£o'l' hotmel t,;; i carpet backi:1g: .::-,~!d L~ ;:·j_xt;_:.:·."es wi ;_:.i;. ass<'.lal t 

(to reduce !".7aakiag of as?hcl·t: ;:-..t }_0-;1 t€r:(~':T?.-.°!:U::"~S), 

i • 3 .. 1 • Mol~cu.l;:)r "fJr'O;)E.l"~:i·::~ 
--~---........ - ..... _, ___ -"""-_~ ... -·-~--... -

polyp1"'opyl~!·.e can ccCP.Y" i~ t~:.:c~'~ di.2.fe:Pe:.:.·i: ::10·-5.i!.?: .... caticns 

(Picture 2): 

Isotactic ?o..!;lPl"OI?.~i!.e:-:i.e is a J.:'.ne~r- poiy:;-~e~' caz·r·yi.ng all ----------.-0-- --
meth.}71 sv.ost:i_'OJ.<':nts i:.• :i.6.r:;rd.c.;.;.l posj_·d.0·:1s 0;1 one s:ide 

C'.l·i:-m .. :1at.ng 9osi tio:::-.:~, but :i.s OY.1.ly of the-:Jretical inte1"est. 

Atactic ppl~_f::ropy1~1e wj.th !lubsb.t1.~e'·J.tS in ix-:reg-alar· x·anG.om 

posi tio:o.~. 

Due to the l·.zgulari. ty of its st;.·uctm:e isotac:tic PP is a.blo;: 

to fOiin c:r-yr.; talli11e 3 ;::r;u_,;: ~1a::s {in c.:)ntras·;; to a·tacb.c PP). 

The molecul~ tiD:i.ght cf PP is :i_n the t·ang€ between 150000 

and 600000 fv~.· commercial p:.-oducts. A ..;omr.·.only used ffi(:::e.su:ce 

fo? the aolec-v.l..:I' weight (Mw) is tl1e m~l t flow index (MFI). 

It is the weight 0£ polyiiier flowing thl'ough a standerchzed 
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<:ar.-il1.rn:·y under .stcm~ard pr€.sS'lL.!'8 ~id s tandazid teape~:i'.t °t:.li"'e. 

T-i~t: :::·2latio~ bet~;-e:::n 2oleculc:r· l"::"2ig!::.t a.r:.<l ~·.ffI is 3ho~m in 

~able: 3. 

Yif'I 0~2 "j '"'\ ~...., 2,0 ;; " .i: \..' 20 

M ~ ,.,3 S50 L~50 .:.:oo .. -~,.,, IU 300 200 

P'o:r· ·we p1..,odu.c·c:i012 oi .fio::.~.:::s c. cc:::pa:.'2.-i:i :.r·::l~/ lot.r ~olecu.la:(' 

·,·1eigbt r.a11ge is u~;el: "150 oo~ - :-:08 :.Joo (:Vi?I './ - 10). 

It mv.st be said that P?: li:k·.:: c-:11 ot?".i.E:!."' poly:2:;.'2S: d.oe!-C not 

have c.. '1];<:11 ~c.2i1~Ga ;:-:o:_i_e:ct.:lc:'.!:"' ::.c2ig~-;.t 2t1- 'i: 2. ~ .. a.-:.he::.' ;:,road. 

molecu.lo.::'.' ·.:i·eigh t d:i.s t: .. ":U-'u tio::::1.. T~:.~:."'cfc1:-2 ~ i:i:s teed of moJ_e~ 

CU.lal"' :i~ight and !:1'\.i_"r;;~)r-;::· of r~G:!J.GV,!c;J'.' U:li t.s 2.V::Z"2.J<?. fi~;;_;:>;;:;=, --~ ..... 

. . . 

Th(.: ~e_!)f;!e·i::,_·ical 1'eg1.1..la:,"':i. i:y of i~:0·::a.c·::ic PF· ·chain~ pe:r·:.d_ ts 

therr. to c:rys'::all:i.ze i i. .f ... ~ to ar~~a.nsr~ ther!ls-:lves in reg-v..:i'.::1: 

helical co~r:·or.nations as ::1hotin in F:i.:Jt.tre 3. These h8l:i.ces 

aggl'egate to £or·m c:::-ystallit!C!S ·yj_ th i:":ouoclj.nic unit cells. 
These crystnlli tes i:n -::u.Z"n a~9-z~.:jat~ to pz·o:iuce spheruli tes 

(Figure 4). 

./6 



i'JOlecu.1;2'.:S) • 

PP nevex co:r.si s ts cf ·1 00 ~~ c:.:y:; l:&lli ~:~s 02cav.s.s ·i:l.J.ere &:i::'S 

a!~c.ys arno1""ph01.ts zo:n<::s anC. ti12 c:olec•.l.les :.'..in.."i.<ing the 

Ci..'lystallitas. T.he ac:J_;.a]_ degT-2.:: of c:.:."}-stallj.~:..:.ty can be 

me2,suxe6. by x-xay me·i.::C.-:ics 0:!:."' G}' ck.nsj.ty :;.£:=:..su.re:ileut5 ar-.d 

may Z'ange bettrecn 30 o.r.6 20 ;; • 

spheruli te5 an.O. crystal laJ'1elJ.c:.:.=: i:..i &i::. ;}_1~.0:-·j_ei.1 ts:ci. .0iL11 

01" £i la.11en t m.•e t1'@1sf°o!"·::.se. i::'!. to .f _:_b:..--:i_ :u .::i" C!.'}'S ·i: alJ.i te.:: 

c.tactic polyr:1cr etc. 

----~--~---~_,..__ ____ r-,...#111"-·'~~--·-~--~ ~------~--

Mel ting l"'a.IJ~r.: 

Densi·i:y 

Heat of' f;;.:::.i.i'L 

Heat cc.pz.ci ty 

The:i.."mal COiJ.riu.c ti vi t:y 

Thenual 

: r. lci~~3) \ .. ~, ;.~ 

·ll-) (cal/gj 
r c:al/g;·Jc 

r::al/crn.. sec. 0 c 
o_, 

t. 

............... -.........i-.-.·--=·---------.._-.... --,..._...,._---~---
*) fo'J:' hypothc:?;'dcal 1 CO % c:·:'-y~tallinity 

i (15 .. 1 "7-5 

0,90 - 0~102 

39 
O,l.J-5 

3 6 • 10""'4 
c 

6 
,. ,.. 'iO.., I\...· • 

The flow br-::haviou.r o.~ i:.ol tC.r!. :::.:·p i£ 0£ &rtci2..""!l(::C 1:a1 i1r~t-o:z-tru1c~ 

fo-.r t~r: prcc·22riing ( :1p~ ;.ming). PP~m-:!l ts ii··.'C non-NewL.:nic..r.1. 
liqv.ids 1 t~:~·r;: mseng ·;:•12t·:: th::y sho·.:.i :.;o-called 11p::oev.<lc?lastic" 

£101'-· (vi sec si ty is i1ot cO:t'.l[;·t::ex:~·-·t: bv. t a ?.unction 0£ the she&s.· 

rate) .. (F'igu;re 7) 

, I· 



-
,. 
I ... 

1975 

Pol!J'€St3r 3370 L'. :.:oc .:::-7,.iO 5240 !:\ ryr:r; 
- J • ._ 

?o)_ yW!::i.ce 2470 0 .-,,,,... :-~ 
...... ~<..,.I- '.:280 ~c::n,; 

.,),J-...IV 3720 

PACtJ 140l, ~ 3 .:;~ .. 2030 2230 22.60 

Pol }'1>Z'OpyleY-~~ 400 :Jt~(l 630 730 830 

Other :;yntb~tic 1 iO ~ .'~~ .... r" 

f ibl'~5 
I.JV ·;)O 200 

Cellulosic fib1,e.s 29~0 3290 3700 3900 Cr'' 50 

Ltin 1490 1260 ! 9EO ... ~ ..... ! )9(> ' .. (: v 

(1,-... ~- "'-r,•n : 1 C:Y.J •; ') I' (\r-c ~ /~65C ..,, _ - l. --- .. ,, ·---- -~ Ii•'.~ r: ~524G . ~.,,-.,.._,. 

p1"'oaucd.m1 is 2. co-u\p.:.:;:·r:.t:'_;_,:_:l~.~ :::;_,,,f.:J.<:: ::j:·occ::-. .::: :---2::: ,~1.:!:-:::::."'j_als 

(al though bsj_FS bas:::d e1 !:~::.,_6~ ::..::i_l) .s.:,s:i.l:,: a.v ,,:i.l.:.-:012 

2 .1 • Types o.f:' ?P-f'j_~)7~'t~S 
-----... ----------------·--· -------·----.. -- .. ··--·--·------·--· 

Basicall} ·;:·:. d:'~..:"'..'dng-v.:·_::;~1 t~1e fo1.lowi!1g ty_f'(;:S of PP-fib~~··:~s; 

a) :-;oy-,ofj_12.r.:,~nt~. (30 ·" ·; r;oo r; ~.:c,+ ~ c0rresp(')11di.ng to 2• 

dia,.nete:c of approx. I to .::().,.,,;,....-,.,..)"I •. ~) 

+) dtex i:3 a 't..e~sure Jez· fibre tl:'lickness and means weig':'!t 

of 10 000 .n of filP..J;L:::r1·;.: fa·._ gTams (also t>e unit 'dei~.i(-::::2~ 

is used, meaning weight of 9C()0 m) 4 

./8 



':)) ;'.~l;.l tih. la:!~ei1 t3 {CO!'. ti!l~O'VS) ~~-Ii ti1 an indi viC:.ual ti c-eT' 

DE t":.;:ee•:: 2 c?..£1d. 1 7 d -:..:e;c 

2. by melt spim1ing 

~2.:.1~- FiQ~~-f!~-~j!~ 
Esse:ntially two tGch.n~ .. qi..:..es ~!c.:,•s bee::. ·~.z:,·sl·:.~2d j_:·. t:!lj_~; 

a) spli ttfa:g of o:r·ic1t2d ..?iJ_;r, ~-y :~12c:~;_2i!iC&1 .::·i0=-=.---· 112 t~_(;:;-1 

b) splitti~g of oriented Froiile6 P~1~ 

-~ ;-~.,r ~ 
- _'t,;;;_ ... , 

The fibrill& tion p:::·oc(~.Ss2.:_; 7-c2:_r2 -;.:r:o c.0~ie? .. ·c:a~c:s cc•:tpc~'.'cd 'di. t-...h 

comrentional nr:!l t spir1:.1i:1g: Co:::. ts .?o:::· tl";.s :.::.~·o:it1c·don :pla~.1t 

(ratio 1:3), 

The CY.'OS.J se:: "(j_o:o. c£ sp l:~ t ~ :i.117' . .f ibr:::s is 2s3er1 ti all:;/ 

r.ec·1.:a1~g12lar "i.:v. C.·J-'l ::~"a.; i: ·:o :IF:~ t me1 t spun ~:i_!J:reg, '<.'~1j_c:;'! have 

rennet, triar,_;10 or iiaU. ':i:!.obai_ cz·oss :-.. ~ctio·:~ (F'igu:&'.'€ ~J). 

In the cBru'.'f j_J.Gx11 procc~:;!:: th~ i.~cl t i:: ext(":.:·.-:1ed tr ... Tov.g!1 c-:. 

p~cofiled d:i.e 1 g:;_-fi:ag ;;, f'::_1m <.'.onsistL1.::; of p:u-allel loi:igj_ turh21a1 

ribbo::-:.s; by 2t;: .. ~·;:chin;} 'r.:his .2:i_L~ s!;,lits a·;:: ·::he ·tf!j_r.. :~;;_ti:~z·­

co1'l.i.1ectio11s ~::let···:E:en e'J.e ~:·ibiY)i13 and ~:hus g:;_~res contir.:nous 

mu.lti2ilaments. (Pigure 9) 

./9 



:n ·i.:l1e roll embossin~ !.::!.'CCc.s.::; :-'· 0 P.,.. ... .c;1 ·-,.· oa the ~i·1 .... ~ ... ..!J...... - - '-' ... -- ..:....;. .• ~ .:. .. ... -1U 

is 'nc-~Ci.~ by 2. set 0£ t~•1c. rolls. One of ther:1 l3 eii1bossed 

fine 

2. 2. 2. r-iel t !lPin.ning 
---.-.------......-.-~,_._ ____ _ 
By melt sp~.m1i:r4g all ?our ·;:~;-'?2~· oi' PP-fil:;res rrtF.i~tion€d 

in section 2 .1 • ca..~ be o::.-;:'3.i1126.. I'~:.€ pl.'Cdv..ction techniques 

(s()iY'l""l;._.,r. "1~(1 i)I'QC<.J<.•ci·~·lCl ;,~---~ ·C:.·:"~C>'"i"·'-.!.-1-r .. • .. i.-.·.··.:~i.1_;::·," ·:_·Q ..__,:·;c_~,-:> ... -~.:.~1.·~ C4,.!..1 - .:.. -~-- ~ .._.; . ~~-- ,_ ~~-'-··~ ... ~c. J - ~ - -- -

lil:e polyamide a:ad polyt:.s-::er·. 1;2~y 2.lt.·~ys :!..i.:cl~:i:.<le -::~:.e 

following stag~s: 

3. cooling of: filrmeut:::: 

~·. Dra··!l"i.ng 

5. Heat setb.ng 

A t_ypice.l e:;.:·::Y·nsion asse?.i:.bl2g:.::: £c;~=- ;:iono2:i.J.;:;,;:;e:~1·;:s ::.E. s.::0w:c. 

in F'igu.x-e 1 O. The teepcz-c.-. ture of thE q>.:i.~r!.Ch b;: . .-th ~i.~1.?J.Li.~nces 

the d:egr·ee oP crystallinity; 6.1"a1=-1i;;1g ra"i::i.o is ustF3.i.l:v h·::~:w~en 

1:4 and 1:10 to obtain approF1:>ic.te .'.3\Tmi.g·;:11. A.s?t01' l'2~"'lil1g 

the final se·;: of p-v..11 :~--011s ~:i:1r.: 2i:te:r.:.t:;i1.t is anneaJ.e..J ~Y/ 

(h.o~t ~,.--."-'-~ Yr:IJ·. -~ ~-I,. l. .... _ ... ;J d1us st:3.b::.1iz:i.::::i.fJ t:hf~ :2ilame~~ts against 

shxinkage at high'=l4. t<=:-.i.-~).~:ea·i:J;_~(.'es. 

Addition 0£ .foarning ag221·i: ( e. g-. azcd:i.carbo1.:»1tidt:: H20Ci·:: = l'ZCONH2 ) 

whici'l ::lecompo~.s:. at certain t~.lilpe::c·<:• tuz-ez ( spli i:t:i.ng 

off i1:ttrog<:T .. ), pri:>duce:-:;" !)11lky filwn,~1.~ts w..i.~:<1 densitie~; 
? 

down to 0,5 J/c~~. 

./10 
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15 :t'€C£SSaJ'.'y) • 

ori~Y-~ tGc!. 1~1 J~·i t~ 0£ -:.:tt~= ·-.17·~r:4· !)2 -~~-.:v~2~1 :-?5.1:.:1e:c~·~ .1::1.d :~oOe"'::s. 

(appI'OX. 1: 1 J) e Fj_J_aj!~C0 !1i: f.,:;:n.fil2s 0£ ;-.~;\•«"2!.-..:31 3'/:i.:i.!'C~'f:t'.3 a.re 

Tn,"' ,··.,,..,,.,.-'--cr r-~ ~J·--,.,._,,."\··c· (p-.,.;'°'··t-'·-'--..-1·) 1·,, ,--.- F,.,.,.·-·~~.,-,11•r 
';! 11.·.-... :J.•.u~, v: . .' .. J .. C:t!h••-L-> \_,._._ __ ·.:..<., c-•. 1 .. · .. ·-•~-... ~ .• ·~"-'""-'-t •• ·.·-'t•'·'- ..... : 

done :i.n a ::cpw:i~te. st(.::p ;.l·;: lowe:1' sp12ec.s, 't··:i~-;· c.-;,,;..:.?.~'c5.?.:i. 

iftUlti1?ila1~E.~'lt ~i2J.."l:~'. t\1~ ;)~).:~.C..lE:S ~._:,~e cJ.:~ ... a-vY.. ~-~!.i· .. {t::.~~ ::.~:··~~tj_!'"!.9 

(hei:rtc;d fi1_~i:al pla.tcs) ~1-L c~J..'c;.~:.; ~ec~tios 'i)G·t.··.:.:2,::~:} : :;,~ ~:'.1d ':6, 

pTOC2SS tha:i: CB.ii. DC:! ·c·:;:i.::: ·::ing (:i.'l C~S2 0£ uO.:-c')l•.lJ:~d fi::.Yl."'·:::::::) 

01~ ··-~.;,~,,,.., , .... .:. z.: ·.· .. , 
L\.;;J.•-l .. L - J. 1 !.:;., 

DY.•a.•·-: tw:i. ~ t-c::r's comi:-:;.nE: ::;·.-: tw:i.s t:.i.n.g with th'~ d:v:-awin9 

opn~ah.on. i· sr;i!ema·~:i.•..: r.·:.ag:i:-8ju o.i sv.ch a nF:chine is £i·:mn:~ 

in F'iryu:i:·~::: 'i 2. ·Y:1~ '2ssi::::o ;:ial ".'].:::•1;;.·'Iing sec tic-.'.• with heat.nq 

YaT·r1. i-'oY.' i::u::'.'·?;~ t mru1uf;_~~:i:1:~1"'i·rLg a1Cl 0ther te·:::iles need a 

bulky stru.c-;,:1J.:t'8 ~hich ij:~y g2t hy o r.e:;ctur::.7.5.ng procr-;·::.s, 

s tu.f fe1.· box: Filament:~ ~n:·e t:t"an~pox·t8d by :·iodets in to a 

ilea .. ~d ~ ::uf f' ~7.' box at: speed£ 1,,_y to 500 m/in::. :1. The s tv.!.? fin~J° 



• 

- i1 -

tli.1-i 01' s-:e3J!l j~t p~~ccess ('i.'aslw1): £~~1-s2 ·G-:_i::_3·;.: ·r:-:;,.":Oc£ss or 
-~ -

-e-:i;!~.'l-tl. .. "" -.-~r.c'"'~.,... •·.::,'"' ... ,...,_.1~r.··- -r·.::-,,·--=---' -~- -~ - ~-~ ....... --... .. __ • !...d }.'.!.:•- -==~.:.' l9..:.C;....;!!;->~·-· C.a.li. :.,.l:"-'-·,.!.!.!.~!:V) a_;_·,;; c..!..SO 1.J.S-.=Q 

f '""' '·7
1,- "' • .,,.. .. it'C"-.:1"\ •• ot: ,.,C~ ".,. .... ., .. !;-.. ,...,,,.,.; co-...... .:: ... ,o,·s "-il-..... r.>·--'" .... ' 

oJL Ll- .--: ~.L "''--- ' L..L ... ·i~ . ... .::s • j ~ ... ':.., i. -'~--·---~---- ' - . '- .:.:.:.~. ...~ :;:; ... QJ •• ~--~ ,_..:;, j • 

In rec€11t developments dl.,c:w:i.ug ~"lei te-;.:turizii1g is do:1e in 
o:nc ~ te-;1 at spe:E.cs up to 1500 m/::1J..:t,. 

High 3peed spir.:.llinq: I<~ cz-·<l;:;~ t:.:· !.·12t1nc.:e cc.pj_ -;::21 i.av~s tEcn ~.: 
.__.,._ --·-----
aud tc :i ... >1p1•ov2 2co:1ontc C,:)~~di ;_::i_.::m::;, '"igL S~·~C:l spi~:.:nj_;:g has 

been ii1 troduc~ci £ox- pa1:Y1?!'0p~rl~ne ~ ;:o . .;. ::?rr·c'1.:.c ti.on cf p:>e~ 

oriented _ya:P.ns (PCY) !i.a"J2 al1•22ciy a l( .. ilJL'?-'.(' -~1.'.~Cii -cim;. for 
?ES aL'1d PA. 

b) -cake-ap by gcdc--s 

of biah spc~d spinn.ing is :~he ::;:ri0:1·i:2 ;:ic::~ :-::2_r.-,;r.: ;~ j_-- •::'!:: 

polyme:r mel~ before i:i:!.i:r.:!ing, t~w·i: :-:·cpJ.ac:e:.:.: :::.1_~iJ?.'.2q).::.:H f~~'.'<>'7:ir10 

processes. The dep'2;1-1enc-= o2 .f-i.bT-8 p::o;;r.:z·i::i.c·3 

is shoilll'l :.i.n f·':i.guz-e 1 J.'.l .• 

n·.-. 
.... .l,.. speed 

Stiiple fibZ'0s are also ~):.:o~:i.v.cf-~d by sev~raJ. 0.i.f".fere:nt p::'·ocss~:c::;; 
the most imper tal'i.t OfleS 7Jill 02 r}j_ SCU.B.:;ea, 

A typical a:JScJi~blage .ts t.:;t·o-q,n i.n F:.gin";) 15, 

There are al~o ~cr.·etr c~;{tl·1;.der QJ.'1.r] r:ie :-:<:!r~_ng p;..rnps. Th~ 

spinne:r·ets hOl.'eV!-:!r· contai:::. up to 12 000 i::ap:Ulary r.oJ.e:: 

--. ....... __ 

I 
I 
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0 -,.. --n>- r1 - '-r.:. ,-. ·1 ,...-,,.~ --,-.r:~ .: -, ;; 
..!.. !.!.-· L .:.:-· ..r- t;. L ... :: ..:., / : -· ..!..l.i!.!""" .:. ~ .!.!..:. --

box, C-tll: (40 - 150 mm acco1"<li:Jg to ~::ld use) a."16. pxessed 

in to b a: e. ~ . 

CO:i~J:)a'~ i: . ._.._. 

heat£ctting ~d ~o;nebJr.e::; .-:;vcn c:"t.: i.:ti:i1s is 6.o:fr2 in one line= 
at low sp~€d ( c..~p tc 25 D/r.-;j_ :.1-) • 

01~-s pTocess of this 

is fed into a m.el tj_ng be:: ( th2:;:-2 

is .P.orced u.p•!!m~ds by ("·. I>:).np 

to 12 000 ~i.clcs). 1:~1 F~L :~r .. ~r(.: 

d!'ied and n.eat set i:n a i10 :: ;::l.'.i.' o~l·::::n, Ci'.':i_-.::22C: in n s (!.lf'.f'r.:::1:' 

bv:< and d'<'.:pos:i_ tc::d i:.1 cciYi_ cO.l:!c-;:o::~·s .0'T.'Cr:«: 0:.:!!:i.c;~ th~· ·to>'.' 

is J.e;Jd -~o e cv_ti.:<::z· j_1J. a ~.;-:::par-<:. ts s':r~p • 

The pclyw.er z·2r.r; i'Jat8ri al is i:101 ten i::! an e:;:t:ruder ( s!::-:-

Figi-1.re -; 9), ;:ir.:tcred ti::,~·o;;_gh the: spirJ.;_1erets by g.p:i.:.1 pu:;;p.s; 

t!.te f:Ua:ncnts; ?.,;Z'~ coo:tr;'"J ana !;V.i)seq11~n tly cra11n Lt a ''. ;_::i.11 

rr.o1t~·n st~te ·oy higl1 c;9;,::::-:;d aLt.' jc:>t st1"eam:3 (up to 11000 r- 'mtn); 

an eJ.E:ct1"ost.:.1tic charg-~ of the fili.:m1.e.nt p:.rcdu.ces rep1;.1!:."i.oi1. 

and $prcading after leav~.ng dK duct~" The filanaents .;o:i-2 

depos:i. ted as 2 r~.ndom n~·~-o:r.J-: ori. a perP.on~:(::d conveyo~~~ 0el t 

which i'.1oves at a speeo '.)£' approx. 20 m/min and onto w!lich 

th.a filam.er1t1 nz•c; pr.t!::'led by a:i.r 3'~•-ction. 
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":'he .::::ssentic.l aspe:ct 0£ ~:his p::cocess is that tha filaments 

z.1"2 dr-a.·~ff" i:n t:h-:: rr:.ol t..:·:1 s ·i:a t!': e.nd therefc:i:'~; iio not reach 

as tiqh a degre~ ci.f m ... ientatiou as £il2!'!.ats ... .1ra'.'..'1'l il1 solid 
s·i:u.t~; btit ti:lc: te1:aci ty is ~:.tffic:i_:;.nt .fc1"' ~1e -:..•.sual a!?pli­

ca tions. The 1"..tnge o2 ·t::. t~:<.~s o.F j_n<.hvidv.al £ila..'!t51 ts can 

b;;: va"i~c:L bet·{i~tul 1, 7 and 30 5.tE:Xi til~ wej_gilt of the spun­

bonded 11et\•.:ork e;an be \Tcr'""'ied bet.w..::el". 50 and 1000 g/m.2 • Nfter 

depositio:r1 of the netw!'k on t1:e conveyor belt bonding must 
be achi.ev-ed by one 0£ ·L!:..z.,;e possi.ole tcc!•·ei.iqv.es: needle-

~ 

pu11chi11g (200 - 1.1.00 punc:ties/cri.c:..) 1 h·aa-:.: sGaling or che;nic:al 

binders (g}~lthetic latex). 

2.3. Fibr~ additives a16 p!'ocessing ~gGnts 
======:======== .. ....:=--·.::-----===----=====--=------

In p:;:-actical v.se polypro?yleLe .2ib!''2S a.:i.~c ~1nbjected i:o 

degraCi.atio11 wilich leads ·i:c 103s of tei1aci tj• <1..!:.G. elongation. 

rrvo reasons can be fot'.nd'. Em~· ~:he:.-::: ~J:'hc~,.:r.i.al c::ci.dc:.tion ffac! 

photooxidation. 

Thennal 'J.{idation occu:-.."s :i.:.1 t?:i.e px'escI.1.:e o!! c:-:yg!'~ ~t 

ele1ra ted te:;i1pe:ra tures. I~: i.::la~s to u.p tal.::c-: 02 :nygei'l f ... ~:.C:. »:o 

chain degra.datim1 by rr.ea~1~; of ?., I'&di~al c!.\ai~1 zic~.ctio::L 

To prevent this <leg-i'ad.:ttion .stc::.b:d.izez- sy.3tems, i.;J. m.o=-; l: 

cases ccmbinat:i.ons of ~1tio~idQ.nts (e:.g. hinde:-::-ecl iJhenoJ.s) 

and permdde dec0T:!pos<:i .. :3 a::.:.~.c ;.:sea.. \ih th combi;.'1a tj_o:ns of 

thi ct type good heat staoili ty e..~: p:r·ocessiag tempE::;: 'itu.ves 

up to so:~Pc ca.r.. be ach:i.ev~. 
Photooxidatio:n on the other ha11d occu!'~ in -;:he prasence 
0£ oxygen a."'ld UV-light (300 .... 400 n.m) even at ambian.t 

temperatv.l."es. It also in'1olves oxyg~n take '·"'-P~ chain deg:{'a--. 
dation ana emb1~j. r:tleMent. 

s tabil;.za tier, can be u.:nievea by addition 0£ small amounts 

0£ uv-absoz-be.i!'s, qv.er1.che:::-s a;.1_d radical scavengers ( ene::::"gy 

trans.P.er agents), or co::ibinations o2 both. By these 
stabilizers t~e light £;tability 0£ polyp:ropylene is so 
mu.ch i11c-.eeased that PP 2ibres can be used for out-door 
appl:i.cat:tons. 

./14 



'i'hese stabilizers ~e applied 2.s p:ce-mi:xturcs (masteI"batches) 
wii.J_ch a!'e adaecl to t:1e polymm" pellets before extrusicn. 

PF as a paTaE£iui~ hytl£>ocai-00::.1 co:;.--.::i:ai:'ls :.!:.O reac-tive 

.function~l grov_ps on T~hich f.iyE:st-~1.£.~s can ce properly a1chored 

to p1"0vide lig:ht£astnesg, :resi~taiice to cl.~ocking, la1.w::ie."'l.:'in£> 
by VC:U'iOUS and dry ciealri.&.i.g. D-yeabili ty cau be :!.!npl"'O"lGd 

methods: Gra£tL1g (by chs:~ical tecirr"j_(:r.ies c~: h~r .; ;'\r.::ia"'1- at",.....,.,., -J J.., .... L .._.. C -.J..,..,,;••i 

o2 vinyl pyridine o:r1.t(:, tr.e ?oly:.1.:.:-: d:.;,:-i.!:.. o? 2c1.di tion 0£ dye 

1 ... ecep tors $U.Ch as po:.t y7iT:.yl?j•7·iG.inc t)"J: Oi.'9. &nic Ni-ccnpounci.s. 

These iTI.easures are a.J.~o usi:;.6. 201' imp:!'.'c•1i:ag pz·int2.bili·cye 

Because of ttesc= 6.i££ic-v..1ties ii!. P..os t c~es r;:..:.;:1 t-dy1ng is 
US@d to 'O"<"'O:ir•c0 co1c•t;·.,ed :J-o_r.-ihzir.::·. ii'.\:.~cl-v d..; ~\:>e::C-~<>d u'7 1-iI:1"-':ri:.s 

- 4 - ... ...... - - - ... - ...... ,,_ -- 4 ~ .......... ·" .lo.-. - .:.. .;,;,-" _ .. __ 
offer a broad :-i:-ange ~£ colo-:.n ... shaa2s -:-:.ri ".:h ~~ocC. f.'E-.stm::-:;s 

properties. ·Tne most co:.-r,::.only c~pl<'.('>7.<:d t<:c~Eiqn.~ uses pigeo 
nent concentZ'ate::i (nas·:.:ezioa-cches) -;:;hi~h e.:t'G: cc;::pounc1e O. 

with the uudyed pol):TI~!:' i.:-:.:;2o:r.:·~ final e:-".t-:i;..1.st.on. I~,_ Table S 

ColOUl" 

black 
bl'l.1.e: g-.1.'ee:c.:. 

red 

yelJ.0-;;1 

white 

-
0 • • 
io • 
me • 

ca1"bor:. bl~d:: o 

p!lthalocy ;:m:!.l1·2 n.i.c 

.~a.ard.m,i io 

quinac~iQOne me 
azo 4c~mpo~nd o 
cadmiv .. m io 
Ti02 io 

·~~~----------------~·--..... ~-----

07.'g a!0.iC 

i:no:.."ganic 
metalch(~lc•te 

./15 
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2. 3. 3. r·lam.e :r·e -care:. an t!:l _____ ... ______________ _ 

of :-.1or-: and :-;1m:·e SE'Jere :;___.-, ·::2:::'.r"atio1·Eil Jsgisla d_v~ r.1€=.sHrEs ~ 

particula:."ly i!!. tb.E:: area. of hoaE. te::ti 12s. 

FF burns in the absence of .fl2.m2 :..";.;;tc:.rdants cut ::.s not J..'eadily 

ignitable inasm"..lch it s!i..rinks: P!'2l ts a."1.d <lra\'..:s a"i;ay f:rc:I1 the 

flame. But or~ce s.c t 0~1 fh"e: :;_ i.: is 1-;.o t self :::A tingu.i shing. 

'I'herefo:i"e, the a_?plicc.tioE cf .:f'la.:1:.e l'2ta.rcla;r~·;.: ~ystc::m3 ~"lave been 

retardai1t (~:-, Bl ... - oz-· L·l-co~1pc:~_:-f?_Q) ~ ~1 i:1c~r:"'SC;j_!:..e: s~/~~c~.,!;is ~i~ 

co:-aponent (sb2o3 ) arid E- !'.:2·t2lo:.r.'~a:ic acid ~c.::..'.'Ei::.ge:;:-. This 

formulation rep::.:-·esents e. co:-.:.ple:-:: syster.1 ':li c;·:. h:i.g?l <:?f .f:?.cie1Ky 

in 1.'esp.s.:::t to fla.m·2 Y·e~.:ar·.jaru:::G! '.'Ii ·cncv. t ?e61;.c:i.:~;:;- de.sirz.i:lle 

textile properties. 

before fibre extrusion. 

of lubz•icai1 ts oz· :w.brica.::::. t :3Y3 t:::ns. I·::-J2 pu.:;:-pc.ss of tiK:Sc? 

lubrica..YJ.ts is as follows: 

1 • Reduction af -~'r::.ct:i.0:,1 

a) betwee:r1 :i.ncj:fidual .'?:d .. :::r:J.::~tts 

b) between _2j_laments c.;r,d i!'.3.Cr~ine co:upone~:~ts 

2. /:.voiding ~tatic: electr:i.ci t:r j_11 p:-coc8ssinu 

3. Holdin~ togetio.er j_ndi~jidua1. f:i .. la;ients i:a ~J..ntwistea yar."i:":.s 

a:.:ic:i to \'/S 

4. Impr.ovem1::n•: ()f te::~~::.1s ~roper·'Lies (feel, 30iling, 2tc.) 

I,uh:r.icant systems usv.aJ.ly co~1 :o.i:1 tt'?'~e dif.:::·2rent comp0Yi~1.1c:~: 

1. Slip .:;geni::: (y;_atu::aJ. c;r syl1t.betic oils; .'.'or PP mosU.y 

polygJ.ycols, oxethyl £;;:.tty ac:ids: alcoho1s, esters :£:tc ~) 

2. Surface: activ.::: substr.:.nc~s (er.r1...1.lsifying agents) in OL·de:." 

to dispers~ slip agents in wz,t€:r and to produce opt:i.mwn 

wetting and distribution of liJ.br).c:mts on the fibre 

sur.f ace. 

,!..., 1"'." 
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3. ~;_n ti.static age:.:. ts ( e. ;r. qua"'LEr:t"lZ.:."'~.r a-n.1~cHi,:r1 comp01.mds 

or ,-.-.'ga:nic ~sters of phc-.p~:oT-ic acid). 

aCCG1..::~~lt. 

The lubricarlt s:.,,-::-:ter1t iTl_ust !::-2 adapted to VaL"'io:;.s spinning 

or non-woven systems ( wo1 .. s tee - o;:-En -=:nd, :.1e0dle felt £ tc. ) ., 

I~ soae cases high sl i~?ags betc:o,·e.,=:;1 filarr,21::. ts is r.:;<f..:.ired, 

in otter cases !1igh adhesi'J:":. 

or sp:::-ayi?Jg before wim'iL:.9·: cefo:r·i:: dra1;:inq O:L' ;::e:fo:.··2 

texturization. 
2 .. In the cour·se of precess inf:: T.£ t!l2 a~cn.:.:: l: 0£ J ... dr:..•icar.t 

SV'i"'!l'1 S n(! p-r.oces ..... i':r.c; , .. -.. c.~-- 1 ··1 a 1 '"'i.:.:._.,1_.:a,..,, r.:;·"·c '· "--••U .J- .t.: ..:> ._..., Vl•--~'iJ.! ... ,__,: r~'-'"-1,.1.J.!l~ .:::L-•) 

lubricant can b~ sp:.:-ay2d o:r. tile f iC.res. 

2.4. Fibre prope~ties 
==c=::=========:::::::::-· -:::-:=== 

2 .4.1 • Par·ameter.s ciete:r.rti11i!!.c fib1'2 DJ'.'C°J"j)E::i.:ti..-::.s 
----------------~ .. ·--·--------·· ____ ;di. ______ .,., .. --:·-------

Stl'U.Ctural pa7.'aJn<::ters involve~i 2.~'~ n-,010c:ulc.:c· weig~-..t ~ ,·1n::i e­

cular weight distributio~, cry3tallinity an6 orientati~n. 

Thes2 paxameters affE:ct c::ll tensile propertj.es such as 

tenacity, elo~'lgation, shz•inlc.age etc. 

Extrusio11 conch U.ons affect all above listed. structur·.2.1 

param~ters; Si.'.bseque:it quenching-, dY·awing, c.i'ld l\nnealiYtfi 

affects Oi.'lly crystallin:•. ty an6 ot."ier1tab.on. The influi.:r.cr:: 

of molecv.lar ·ueight (M'.-'I) on ;:er.aci ty a.Tld dc;.1::;i ty of 

fibres prcduced IJ.nder equ-3.l conch tions is show in Tab1.e 'i 

(~pinning at 275°c, quenching with air, dra~.v r.atio 1:3) • 

. /17 
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43.5 47:5 
10, 7 16: 1 

4.4 6, 1 

3,6 5,2 
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Ef f~ct of MFI on PP-fibre properties 

w:nz.city 

2, 1 

2,8 
0: 9i ! 8 

0: 9·i 05 

0: 9080 

Tenacity i:11cre&ses \.i.th £alli::.1g E?T. {o-stt~I' f.r·eo:c-ientaticn 

during spj_rJ.lling): <ier!Si t:y as 2. :T.~asv.:c·,:= oJ~ Cl'ys tal!ini t,;-· 

decreases (slo~er crystallizatj.cn oE h:i.ghe:c-molecElar­

weight pol~rms). 
Tile drawing operation orients t:ie r.~oleculE!3 a1d cryst2lli tc:..:s 

in the direction o.f the .f:i.b:::e axis; -;:~1~acj_ ty a:1d ~odulus 

(stiffness) increase \:r..:.th ii1c:;:easing 01~5.e.::·1.tz'.tion, elonga._i~n 

decreases (Figv.re 20). D~:1sity ef.?Ects, i.e. c:r-ys':alli.r:.ity: 

cli'e mo:r.e complex; inc1·2asing Ci~ca;: 1•c.tio r·efr~;_cE:s cryst2llini 1_y 

which houev~:r can be compensated by ~!..l:.cxee::.i;1g d:rc.~·,' te.r.per.;i.tur~ 

(Figure 21). In geilel."al ~ desi:-:-cd crysta11L1i t.·y for c>. ;ive~1 

poly1ner is obtained by a pziops:r- b2.la:·1c~ bE;t·•;e.::~:. ;r,;s:r~ct~_ng 

condi tio11s, c1"'awing condition:::; (:r·atio ~ sp12c:~, ~:en~·era.··:i-:l'~) 

and a:-mealing. Crystalli:-;.e r~gions p:r·.:>•.d.G.e :?'ti2:2n-:'s~, e.bZ'asion 
resistance: £trength~ :-;hel"eas a.:ic:;:phous l--egio:ri.s dr::tE:r.!:iL1e 

flexibility and tou9hnes~. 1u mo~t instanc~s e.dditional heat 

pr·ocessing { ~.nnealing 0I' heat 58tting) 0£ t:1e or·iented fibre 
is tlesii:""able 5-r .. o:rder to improve the 6i.1lensional 9tabilj_t:y 

(r.ed-.iced tencency to s!'aink at 8leveitc~d ter:peratlXte); 
annealing is pez-.f'or,ned commonly i11 a tem.pera.ture rangi:: 

betw·~en 1 oo 2".nd 1 ;0°c. 

./18 
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As I:°ltl:. tim1ecl above ta1ac5_ ty 21'.C. elong atioY!. oz ?P fibres 

-:1a:r.ies -ui th production co::1di tio:.is. The relatio~ '!::ie L-.:.:-2en 

teno.ci ty c:i:d elongation is chosen &cco::t"'fii;.1~ to the end­

~se 0£ the fibres. A t~acity oE 1,5 - 7 g/dtex and fill 

elongation oetvel'=:n ~ 5 2.nd 150 % encompass the nor-?!!al range 

for staple fibre antl rn.ul ti£ilai11e..~ts. High-·cel'!aci t-y fila­

ments used fol"' ropes and co:::dage: ha.V\; a tertc..ci ty of 

8 ., 8,5 g/dte:::: and elo:w.~:jC' .. U.c:: £:!'.'om !G tc 22 ~~. 

'Typical date. £or F? ru16. otl::E::' fibres 2..l"'e given in 'I'abl~s 

8 and 9. 

Stiiple 
7-17 dtex 30-110 dtex 

Tenacity (dry amt wet) 
Elongatim:. at break 
Elastic racovery on 

cF/~'-"c~., • ~L ........ .n. 

r/ 
j.;,, 

t: 

15 

3 - .(,5 
100-. 30 

2 - 3 
150-220 

5 3 elongation. y, 88 98 53-95 

Shrinkage in boiling 
wateY· a.ftez· 20 r.1::_11 ,: 

0 /-;, 3 0 

Moi!:ture regai1'1 < 
f:. 

Table 9 - some c~Ea·;:ivc :necheinicnl p::r·opEz-tic:; of 

~om::12rcial fib:n~;; 

Fibr-e 

Cotton, Tau 
wool 
Nylon 6, 65 
Polyester 
P'?-Multifil 
Steel 

Spec:ific 

g-.... "avi ty 

1,50 

0,91 

7,7 

Tenaci~.J 

3 6 

! 2 

4 9 
4 5 
1'1 7 
3,5 

Elong 3.ti.o:a. 

dzy wet 

3 - 7 -
25-35 25-50 
20-40 20-40 

14-25 19-25 

15-35 15-35 
8 8 

" .,; 

./19 
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Cold flc':! ( czieep; de£o:rraatim:i. ' . ..1..:.-1.dS:t" constai."lt load) of FP 

fib":-e is ~cu.-:.: O, 5 /~ at a load of 1 ,.5 cN/dtex £oI' 16 hrs. 

Sl<.i . .stic ~"'r=covs:r·y o.f clif.fer2::1·;: sy~~--=}~.E:·dc ffb::!'es is s!'lmm 

ir1 Tzble 10; i21asmu.cl1 as~-·;: is ti.!:le C{;pen<laitt it :i.~ sepal"ated 

into ir:ur:e6.iat€ and delayec' re;cov2"£-y ar..d pe:r2ru:1e..Yl.t set. 

Table 'iO Recovery pro~exties 0£ pol~~Eylene, 

PA and PACN fibres 

?A PAGH 

Elongation 
I.cmedia te ela::; tic :recove::·,:; 17 21 

Delay~d 83 74 

0 ·-,J Permanei'lt set 

10 i~ Elongation 

Immediate elastic ::eco7e?.'Y 15 'i 2 

Delayed &O -·, 
Ji:· 

c:: 32 J Perm.~nent SE:t 

15 ~ Elongatim~ 
Imi"1lediat3 ela.s·;:ic -;:ec.ovez-y "i r:t ,• 

Delayed n Ti £:S 

15 (2 

PP 

38 
62 

0 

29 

64 

7 

2c _.., 

5~ 

11 

-~ 

.\brasion z-esi::> ta.~ce is G'.:-iother imp or tan t p:·:operty, pc:•:::·ti­

culaL"ly fo"J..' ::ar·pets. AbrasioE is a r2sul t 0£ de£0J.''ntatj_o:i1 

due to compr~ssion; tcmsion, bending, shea~~· and cu.tt::.ng. 

Max:trnv.m abra3ion resi£.-C:ai:.ce j_s obtained using materia1 . .3 of 

high molecula1" ·.11~ight, low t::ne.ci ty and hiuh elongatioT!. 

(£ibj,..,es ~.!lith low Ol'ieu-::ation). 'J.'he mechanism 0£ ai>1"asio::1 

is believed to b'2 ~ll'£.acc £-.!'tJ.ffl!tenta.t:i.o:i:1 or ?eeling ini. da-+::cd 

at imperfections 0£ the fibx~ c~yst~l!ites. 

,./20 
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'fhernal nroncr·ties ......... ~-------
Th0r.nal p1•ope:-ties a:re Sl~T!ilai'}.ze<l :t.~1 Table ·ii and also 

fibres ore ver·y good 

thern.al insulators oacav.se cf their :.0-:::1 tne1""'T.lal con<luctivi t~r. 

Table 11 - Thexmalyr-opE:_£i:ies <?f different fibz-es 

Fibz-e 

pp 

'O -... A 

wool 
Cotton 

2.5. 

Softening 
tanpe:r.ature. 

oc 

145 - 150 
205 

Helting 
tempeTa tr·...l"'e 

r. 

"c 

220 

Fields 0£ applicatio~ 
---------

Therfil2i conductivity 
(:relath'e 1:0 air) 

s,o 

7 '? . , _. 
,. ~ () I I : ,_, 

Polypropylene £ibJ•es ar-e co71i_pa:rcd ~ri. th other- sy:."ltha i:ic 

fibres very iyoung' products G.:1d <:ill poss:i.bili.tie-; of 

application are still net exhausted. Acco:cdinr; to the de"'1elop­

ment of fibre produ.ction cew fi.Gld.s .Eoz· thE.! v.:;e o.f PP r:tbi"e.s 

are found. Main end u.:ir-:s aJ."'e s~1c\rn in lne following 

application scher.te. 



'} c; " G~n·~7'al. _.,.,,Eg11· ca-'-~ o·J. "'rhc.:.;e G.•-•l• '- '-- o. .... -· L- J. ~---~ .. ..,_ ___ _,,...,,....___w.-a ••-..,.. ..,.....,,...._._"'.......,._ .... .._ .... 

~ 

~,(UJ.- +-i r:i.· .!.- -,rn-:,...·i·r- • / • , .___ =:1~.u ... _, / 

Split £ibr~s Ii<> tec!m:i.cal •::.">)"iIGC. fab:r-i.cs (.Piltezi clot..1. etc.) 

Non text"tll'izetl ----: garden_ fur:1i tu:re 

BCF _____ .... upholste:r-y, clU:'tai.i'i.3 

Spv.nbouded 
ceu~pets 

seve:r·al importan.t a:r;:;r.:.s oE 2pplj_c2.tioli . .:;1:_~11 :)·2 ,~~:i.r;cuss~r~ :Lo. 

the following gi v5.ng .:).ls0 a sho~"t sv1'.'vey z,001.l. t t1:1.G tech:'.1.:i_qu~s 

and machines i1s<:!d. 

TU£ted ca:r.·pe_E~ 

The tv.f tiz~g process is some sort of sering technique: I11. to 
the backing material loops o.7 ~laz·n are punched by so:t.<! 30:0?·1: 

0£ sev.ting raachi:i1e; the 10ops @:i~~ p:r.•oduced by the .Eu.ncl:im.:. 

0£ the loope!' (a £v.nctio~al scherit&tic diagr~"ll is sho\'ri' :1.:~ 

Figu.z-P.s 22 and 23) and have to be al'l.chol'e<l by means of 
synthetic latex (primary backing). To rcise the com.fort of use 

./2'?.. 
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no:rmall:/ c. secondary oacl~ing ( sy.c.t~etic latex foam or 
non';j.10ven) is applied. 

Tv..fted cax·pe-C~ ax·e !:l.Clcie ei the:.:· cf BCE' o~(· of spun staple 

ribl'e yarlls. 

Needle.felt caz-pe·~3 

A ~aedle felt sheet (~c.ndomizea a~t~urk) is produced £~om 
staple £ibr-e Oil a cardiag :.1ac!1iue as shc~:itl iri Figu:r~ 24. 

This top 3heet is co:mbi;!.ed ~,'i th a sir:.iil&x· ~1eedle Eel t 

base lay~:r- by needle 11unchin~ (200 - r~O:) p1J.1t.C!:1es/cm2 ) 

using a sy!3tem c1£ bai"'bed !.!.r;;:;{;)_cs U'ig-v..:;:2 25) • !i'J.S ·l:ead of 

a base layer ::nade of staple lib1·2s 2.1.sc 2 pj;..::;:!eeal~/i . 

sp·~lbo;1ded base sheet caY1 b(; :1.seO.. ...;s.·;.:ez·r:~.z-<l~ th~ cru:-·p~t 

is ti'eated with SBR J.ate:.: (in!p:t."eg11aticn). 

Lvw denier .fibres (1:7 - 3,3 6.·i:cx) !'-'-ave z.ece:ctl::,- b2en intro­

duced in ·,yo"'Ien and k..'1.i tted £e.b:t.."ics anc a:.~o :! r~ nc:r1-wo"'1.::ns; 

kni tte6. fabrics mainly foz- u.:nd~reaT ( :~ cyJj_yJiez· spi:n~. -~:i.1g) , 

n.011--:;;ovens iY! the i-:i.ygic.ne :z-az1ge (baby dir..p•:;;?:.s) c;11d £'o.·.· 

technical 2iltc-:1"s (ai::: filtG:t.:'S: 2·;:c.;.) ~ ;::ova• .fab:...":i.cs :-:;.a.i.rily 

as woz-kiu.g cloth.es, fj_l ter.s ar'"d b1anl~cl:s (PP-y21:-r-. af ·,:;":c:lJ 
_,. COmbJ. "":;i,,_l.. 0'"'"' Oc ·o-;) 'Ti '··\.; ,...o-:·~··r•--i O"·" '::; :, ) 0~ 1 ... u.G.:.t. ~.1.~ ~ J. r. <.-.L.- - t ........ .i. - J. r. • .. 

P:rocessing 0£ low 6.t:.1iei." fib:i:'e.s to ya;:;.'il.$ ca1:. be .-::ccomplishe~. 

·lifi th all cir~-:.::.'C~'l.t t~chi1ologir.a.l sys·::cr~.s ( 3 c~rliriae1"'-, :::ooJ.e:o.-: 

':iO:rsted- m1d op~n 2nd spimtin9· syste~,:s). 

The adira:atag1.;: of' fabrics of ~=hi~ type is m~.:inly cue ·;;o J.o-v1 

H•c-ig;,.. ... an,:j h·-,'j·,..,o-i..o-oi·c· ..... ~O"'r .. ~-.•,,...;r:.s (""'r:!"O""C-i "'!\1 ly l·;, ··ct~ ........ -,- -
\.1\..-.A.. ..1..:.f.. \..' . ...... .f - ):'~ . l"'-"'- !#~..[. a...i.._ "·:»_ .-..,;,.. _w,,.. ··- ' -- r:d,;, ~::,;1. 

of hygie:o.e a:·?Pl:i.cat:i.o:r~s ~u1d 1J.r .. ou-wca~.q no ".hsorption 0f 

perspiZ'ir:do;i. £'1" .. ~2.d out /..'C:.pid 2V(lpO:ration). Other adVCi'i.i.:age:~ 

are h:i~gh abx·asion ::rcsi~tar1ce (ho:1?.c tGxtile:.:) and high i:em; 

~tY'ength,. 

A wide-sp~ead field of application for nonwovens {made 0£ 
staple fibre or spunbou.ded) bas beea 2o~.nd in the last years 

. in civil engj.neering. A short survey is givfm in Table 12. 
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Table i 2 fa.pplication.s o.£ !lon-t.rove:n.s n:aG.e 0£ PP fit-i-es 
~~~~~~~..-:..::..~~ 

in civil 

M 
<P 

iii' 
r-( 

11> 
M m s.i f-1 
(j) c;J © QJ 
L. 

)'.l ;;: ... ~' ~ I? r al v 
r-1 ~ .a ~ rl > (!.! :::! ~ 
rJ. >.. x ri! l!i ..... c-1 ·"' 0 cU 0 ~ c 

·:-C :-! ?-i r~ Tl © v ·.-: 
-SJ t::S c<) • ~..J "-' \:>: 
lil ~ ,-; ~ EJ :n cu 
~. ~1) b (;.I ~ s:; ::.-; .µ ... f-! _!=) 6, ·....< •.:.. .. 
!)., ,- rJ: !=!.~ 0 ltS 
$ .... , <6 ~· ~· c; f-1 .-. 
::.r; ~~ .~-..; !-? P-: ~ A 
=~ .. - ... _, .. . WW 

Road construction ..;. + 

. ?-

Railroad co:nstru.ctim1 .;- .. ~- r!,. 

Tv.n.11e·1 cons tl'14C ti on + + -~-

Fou.nda ti on enginec=T.'il1~ + + 

...:- . •,· 

Drainage -i· -:· 

Building constxucticn + -;. ·:·· 
.... aww-... 

One special e~:ar.11ple is gj.ven i1J. Figv.xe 26, -.:-1here the .~\'1.,'1Ctiol.-1 

of a spv.:rJ.bo:ndea. sheet ir.-. Z'Oad constr·uctior.. is sho-cn1. Thi;: 
n.on-woven preve:r1.ts pe!1.et:~,ation 0£ granular· i:itaterial in·;~c th~ 

sv.bso:i.1. 

!iJ. civil engintt!eri~g h~r0.1.:-au.1:.c~ thrl~ spunbo:.:1ded fleece• r.i:t.·~vnn t:.~ 

erosion o!! co:astcuctio:ns which az-e exposed to tidal ?.-:::r.·ce~; 

0£ the water. 
In other applications li!r.e Ol-'aj.:o.age ot wet grounds th0 

£iltez- p:roperb.as 0£ the :o.on-Y1ovens are of g"'nat U.po:r:·tance • 

• /24 
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~onfo~m~t1on of polypropyle~~ 

,4 

~h~to~r~rh o~ ~n iso~~ctic 

~~lyrrn~yl0"~ ~~hnruJ1t~ 

F'i;,ure 6: Schem~tic representation of the morpholo&ic<>I s~ructures ;,, a'1 undeformed film. 

UNDEFORMED 
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Leg~~~= Ser~~ ~xtruder (a), L/D 20, compression ratio~ 4, 
~~~i??e~ 7ith a metering pump, extrusion die (b) with 
ro~~~. flat or special cross section (~etal scr2en packs 
t~for~ the die), quench t~nk (c)~ gc~~t roll 3yste~ (d) 
(f) (~).orientation tank c~>. ori~ntation oven (g), 
~in~ ~? syste~ (i}. 

?1zure 10 Djagram of monofilP..me!'lt p!'orl1ictio!'1 
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Legend: (1) poly~~r p2llet container, (2) shu~ter 

for pellet3, (3) extruder, (4) te~p2raturc a~d pressure 

g2uge and distribu~ion syste~, (5) (5) spin beam with 

spin pu~p3, screen packs, and spir.neret, (7) (8) air 
c0olir.g chimneys, (9) air distri~utior. c~annel, (10) 

take-up ~achin~ (incluGing preparation in order to 

r~duce friction end improve processing). 
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Continuous stap:!.~ f1 hriP 1 .. - ~ l ne 
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F1eu~e 26 
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