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Physical Mct~ods ot Fib~r Modification ·,. 

. . 
By Prof.Dipl.In9.Wilhelm HerzoJ 

.• 

. . . ~ ·. 
. ~,,~ ~- . 

Reviewing the deveiopment .of· synthetic fibers~ we note 

{! an initiai st~~e d~rinq'~hich the efforts ~e~~ dl~~ctcd 
at finding fiber-forming polymers. . .. -- : .... : .:. 

.• - -· ·- . - . ·. 
The synthetic fibers ~ade from the~ were ~ade to~~e~~~ble 
natura1 fibers and were to have as wide a fieid of applica-

. ~·~ion as po~sible: 
• • -·- ~ -.... - . 

, . . .. 
;.. -

: . -

. - . . .. . . - ... 

Duri~g the second pha;e of C'evelopmt!i-;t the· !i~id · (;f applica-

tion for ·synthetic fib~rs was expanded through variation 

:~~d ~o&if~ca~i~n arid ad~pted ~ver more closeiy to the ' 
-·.. . 

·specific requirements. The ~Se of Completely ne;1 .technolo-

gicai ~ethods, such as texturizing·, gave rise to novel 

textiie materials. Th~s the synthetic f~bers born d~~i.nq 
• : . ,. . • ';. • l . . ~ . • 

this second phase are frequently termed fibers of the ....... ...... · ... 
-:--.:.. -.. -_;./· 

secona generation. .·. 
. . -- •· ·:: -...... . 

, -· · .. - . . 
. . ~ 

Under the qeneral heading of physical methods of fib~r 

-~odiii~ati6n ~ shb~ld ~ow like to r~port on some of these 

methods and will be d~aling with the following subjects: 

; 

Modification of the structure of the fiber material 

Modification of fiber shape (special cross-sections) 

~onju9ated (bi-component) fibers and 

'texturization 

ModifJcation of the structure of the fiber material -------------··-------------------------------------. . . -·-- ... ' .,, . -. ~ Synthetic ~ib~r~ con~ist of long-chained ~acromolecules, 

linked· to identical basic molecules by chemical bonds. 

,,, ,, .• 
Depending on the chemical structure of the basi~ molecules 

and £h~ type of llnka~e ma~in9· up the ~acrom~lecules, these 

basic molecul~s are lormcd into linear chain mol~cules or 

into branched or cro~s-linked macromolecules. 

'1 
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Each fiber consis~ of many such macromolecules. In addition 
.. \.~ -

to th~ strong che~ical bonds acting i~ tbe int~rior of the 
·. - ... . - - . . . .· ! .. 

mac~omolecules, intr~molecular forces - ·considerably ·weaker - . - ' - ... . . "' - .. • - ' . . . :. . ' .. 
- . al~·o· ~xert an effect.~ The eff~ctiveness. ~f -~h~se inter-.. . ~ . . .. .. : . . . . . 
molec~lar f~rces depends on the f?Siti~n of the ~~~ro-

- ..... . . . ~: .. 
molecules in relation tc each other. .• 

Fig: 1 
~ . .. 

If one or more macromolecules are par~l~~l to each other 
.. . . 

over a certain d~stance - compared to ~rpss~pq~itioned-

~olecules which ~~e linked only at one p9int - their 
..... .. - . 

.linkage becomes ~tronger due to the su~mation pf severaL 

forces • •. -·. ·'-
-~ -.. "'-".'. -. 

",; ·:. · ... 
-.··· .. 

i'ig.2 _ .. :._....,_-. . . . . .... . .. 
~--: - . ~ -. . . 

In .the ~olten mass or in ~~lution the fiber~ ~~s~me a random 

disoriented position that is alte~ed constantly ~ecaus~ . 
of the temperature changes. . .... .. ..... -

.. -.. •:. 
·::....:•.,·_ .. 

~h¢n ~he molte~ ~~ss solidifies or the s~luti~n !s precipi-

· ·· · tated, the macromolecu~~s 9enera4ly tak~ ~n i r~ndom position; 
- ·. - . . . . 

however, 
,- ,- . - .. -•... tpere. ~.~e.: ~f!!~~ ).n· whic~ for ce~tain distanc~s 

p~rall~l posltions ar~ $et u~. 
r -~----· ·• 

·:..· ... : 

. These crystalline A~eas in the fiber, quantifi~d. by the 

degr~e of crystallinity, affect their hydroscopic qualities, 
.· 

dyeabiiity and we~ strength. . -· -· : 

The orientation of the macromolecules, particularly in the --.. ... 

crysta~line areas - with respect to t~e long~ludinal axis 

of the fiber - primarily affects the mechanical properties, 

tensile characteristics and strec9th. The application of 

suitable measures during an~_ aft~~ spinpin9 permi~s purposive . . . 

change~ in the structure Pt the fiber mat~rial, i.e. in 

the de9ree of c-rien~ation an<i crystallinity. 

.... •"""' ..... .... s7nthetic fibers n1ade by 111el t spinning have on!y a low 

.. 

........ 

. -

~egree P! orientation ot the ma rosnolecules during the 

spinning of the fiber~ Only th~ subsequent drawing process 

~rovides the desire~ properties t~roug~ cprrect orienta-

. -tion. If this·drawing operation ~s carrie~ out a~ te~perd

tuies ~xceelin9 that at which the product turns glassy, 

this ~ill increase the degree of 1 c~ysta~linity. 
~h~ stronger iriter~olecular links resulting from this 

~operaticn incr~ase resilic~ce and stre~9~h of the fiber • 

. . 

. . 
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Fig. 4 aemonst~a~es th~ ~ffect of 9rawin9 the tensile ... . ' - . . · .. 

s•~f~9th and e~tensibil!tx ~~ folrcster fibe~s: ~e~erally, 
. • t ... """! .... ~ ·.: .... - •• - - - . : - .: • ••• • 

dy~~~~~i~y ~ecre~~es wi~h incr~~~~ng orientati~n and 

th~~m~l shrinkage is on the r~se. Subsequent hea~ treat~cnt 

- ~e~~~ding Qn the temperature a~d on the fi~ers being 
.• 

permitted to shrink freely - ca~ses a ~e~rea~e in orierita-· ... . . .. .. .. 
tion a~d.a~rise,in crystallinity. ~he ther'a~ f~xation 

of a f~ber tor ~h~ p~rpose of li~iting ~hrink~9e is the 

conseq~enc~ of ~he interplay between disorien~a~ion and 
··:. •. 

the c~~stall~z~ti~~ due to t~e heat treatment • 
. . ·. . :'- ..... _ ... _ - .. 

Based pn ~he findi?9S o~ t~e effect of the structure of 
--· ....... 

fib~r ~at~rialsf chemical and phfS~cal.modificatipns were - - ... .. . , __ 

attempted in order to obtain fibers with specific proper-

ties, .. ... ;,:.. --· 
~-

I s~ould now li~e to report on som~ of ~hese modifications. 
,. -- ...... :.:· ._.. -i.·" .. · 

.· .. · .. 
-- .a' =·' -,..;_ · · Modal fibers - modified viscose fibers :-- - .. . :v..·.:· • .:. 

-

~-.~-J ~-~-~~--------~-~~:~-~------~---------

The traditional types ot regenerated cel~ulos~ fibers 
.. . . . . . 

~av~ a relativ~ly low tensile stiffnes~ in the decisive 

initia~ rang~ of the tensile strength-e~:ension behavior; 

this 

when .. 
in a 

only 

holds true f~r the air-~ried stat~ a~d pa;ticularly 

wet. It implies that even little traction will result 

comparatively high degree of deformation which is 

partly restored th~ough elasticity. This type of the 

conventional cellulose synthetic fibers has inadequate 

·stab1~ity- of:·forrn when wearing and washing textiles made 

from these fibers - a fact th~t can only be remed~ed in some 

cas~$ by a suitable fi~~sh. I~ was the high de~ree of 

lon9i~udi~al inst~bility in particular ~hat made•textiles 

~ad~ o~ pure cellulose synt~etic fibe~s ~nsuitable for 

w~shable clothing. Thus it was the goal of modification to 

-Obtain a fiber with~a.high wet modulus. By ~eans of a new 

spinning technique plus a changed composition of the pre

c1p~ ta~ion bath, a high drawing-out rate and a slow 

,coaguiation. ol the fiber it was possible to im~rove ~he 

.: orientation. of the. fiber and thus achlt·ve the desired · 
. "· •i • ">'"' I • •. -': :, 

I 

I quali tLas. 
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F~9, S ~how~ the data fer a big~ ~e~ ~cdulus fiber ~ompared ; : ... 
--· .. • .. 

. ..... . ' . .. ... · ... , .. ' 
._ ... -~ ·._ . -

'• 

.. 
:-- · ... 

.: ....... 

~!~ ~~t~ -~~~e ~~~~ t~e p~r??~~-o( m~di~r~~9 t~~ structure 
of the fiber material was fully achieyed~ Tod~y modal 
. :. ....... .; ... _-.. . . . . .. . . -- ..... -.. - . ~. - -·... . . . . 

t1~ers hav~ become a major inte~est.·~~rhaps ~ne day they 
.:! • - • • : •. •. - ·~ • .. ,_ .. ·._- : .... - - ... : • -~. .. .. 

~ill take the place of cotton. · ·· _ _-·_·"::.._: ·.·-~··' ··. · 
~- .. ... -. -· .. - - .. -· .. . .. . .. . .... . --..... 

'Low-pill" - polyester fibe.rs 
. --~-~~~~~~-~---~~----~-~~--

: : ~~~ -_:· .. ·: ~_ .·.>. :· --~--
· ...... 

. :" . __ -:: -· 
.. ... .. . ~- .. . ... 

...... :_ . . 
· ~h~ a~vantage of these positive properties, however, is -.:._ .; . . .... .. . . .·; ~- ·_· ,; : . .. - .. -.... · .. 
. ~~~omp~nied by the adverse effe~t of the pr~pensity towards 

.... - - # -- .... - • 

.. . ~ ... ::·-.:~ .. ·-~~~-FJ.-~}J..~g i~ te~t~l~s -~~d~ ... of. pQ~y~ster fiber! -~~u kno~ that ·. 

. . I ·- . - . - . •. . . - ~ - . .. . •. ·: - . .. . ... '" . . • . ~ . 

. ·, .. the ~erm "pilling" refers t~ t~e for~ati9n pf small.knots 

-· '9 ! · ~f fib~;~· ~n ~ti~:-~!-l~fac~· o~ ·u~~--~abrlq ~~~c-~ ;e~~~e1:/ impair 
: "'::'--- . . . . . . . ·. . . .• ·-: . . '. . '-~ . . . . .· .·: 

. :."_> . t:~~ ap~ear~nc~ of_ th~ -~lo~h~~~ P!l1=i!}~ i~ ·d~~ ~~ ~b~asi~n 

.. · .. ~:,.; ... ~,., ...• ·,,...._:···'~:ll~~f?!'?ip._9,_!;luri~9,,us~., .. causi~~ .in~i"'.'idu~l-~~~~r;s ~~ · - --:-• ···-~ 

·:~··.:.": =~- • · ·migr~te from the .yarn and formi.n9 -th~se littl~ kn~ts •. · I.n 
---.·;· . . . .·. - . •. . . . 

··:. · ......... te;>etiles m~de .of natural fibers ~.he_se p~lls g~ner~l~y dis-

.·-.:- . ·~-.. a'ppe~·r. quickly due to abrasion: this i, fi not the case with 
• .,. .· . · .... !· .· . . . · ... ·· •· . • .' . . . . .. . . . 

r 
L.,,.~ ... _. .... ~ ........... .., ~~··.P~l..yes~er., £.-ibe~s,.. wh~ch~ ~ave·· gre~~=~ st~~ng~h · ~-n~. a ??arti.~ul_a~ ":_=--.~ ·· ~ 

·.· · · ~ -- stiffness. Thus ways to overcome ~hi~ pilling action were . 
i ~-ought. .- .. :o:·.:···'.._ ... · . "" ':·:--·· --:. . · ·: 

·~ .•. .; 

~ ............ ".:. - L'. ; . One- ~a~. to anchor the yarns or tJlreads within the entire 

t I'" --.-· .... 
I 

·&~ru~ture .of the fabric so that th~y would come loose with 

use. However, this leads to a considerable re~triction in 

.the use of polyester fibers. The~efore, attempts were made 

.· ... :.·-to ree .ice the :t-er.ding ·abrasion r~sis~anc;:E.: of the f ibei:~by- .. ·---; · 

J>~~~ical ~nd later by chemical J?()~:Hfic~ti9n •. 'l:'he physical 

·method that was successful involved a ~h~rteni~g of the 

macromolecular chain. ·. 

Fiq. 6 shows a diagram published ~y Ho~chs~ ~.p. on the 

relatipnship between bending abrasion ~~sist~nce and 

bre~king strength on the one ban~ and molec~la~ weight on 

the other. The curves for normal polyes~er fibers and those 

for low-pill polye~ter fibers due to p~ysical 4nd chemical 

·m9dification are presen~ed. 

. . . , 
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. ,. ... 
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. . . ~ 
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fig~· 7 presents the pi1ling curves for a fabr~c and knit 
.... . . . . . 

qoods made of these fibers. - '- . . .. . ,.: ... ....... . .. -
. -~ ..... -... 

. ~. ~; I ·--. : ~--~ •. ·: . 

; - : ... .:: ... ~---· . . ~- ~ . . . .. .. . 

:_ ._·· .. .; ---~-- -

H~~h~~hrjn~a~e-~ibers are used for the pro~~~~~on ~f high . .· ..... · 
bulk·y~rns that have ~e~n made f~om polyacrylnltril fibers;· . - . . .. 
th~y are used ~lmost exclusively for knitted goods. s{nce 

. ~ . . . . . . . . . .._. . . . 

i" ·• "".- _ .. ··. ~·:_~,._ ·_ ~:: voluminous·· yarns a:t~ also·in·d~m~~d for ladies' and men's 

.. 
l 

• ... : f. . . - . ·:-- ·'· -
. . · .. ~ .:·~· · : . . cl:~t:~e!!, th.e maQuf acturers of 

• .. ·--· : ; '. .. - .. ··-: ~~~~ .£ ci~v~~op .. ed .:·h~g~-s~rfnkage 
.. i .·: - . • ·:·. -··. . ·_-: . - •. - . .-. . . ~ -. . . - .. 

. ;_ .. .• _-=:·: -~-

- -- ·:, .:>-· _.. ~-

~olyester fiber~ ~~Ve.now 
- ... . ...... 

- - ... 
fibers • 

. ....... -?-~--

.. .. , -. .. . -: :: :- .. .... ··. -fi~er~, ~he p~o~le~ of p~o-
. . .. . .. 

~n th~ cas~ of polyacrylriitril . . - - · .. - _. .. -. ... ; . . ·• . : 

·a··.:-.::-_. •• 
ducing high shrin~age in the f iQer . .. . .. · . "'. . . -

ma¥ be solved by better 

or~~~tati~~· With polyester fi~ers this is not ·sufficient 

. . • · .. · · ·. if flock or .yar~ dying is required. For this reason, cheoic

~ - all;· mod~fied pol~e~ter fibers h3~e ~een dev~lop~d in 

;_ .. _.:: .· ... :·I ... . . . . . . . - . :· . . . . . . .. 

.; . . . . ·- . . : .. -. -- .. . .,, - . - - . . ... 

. :-.~-" ·:-- . .. .-: :. · ....... -. . . ·- - . . 
ad4i~ion to the usual high-shrinkage fibers obtained by 

. . ·· -.. 
.. _: ... ·· 

... - ~ : .... ·-· ~--- . -- . ·- ·-

I . ---· 

- . . ..... 

·e 

... · .. 
physic~~ moeification and a h~gh degree ~f ori~ntation • 

Wher~a~ in the physically modified po~yester fib~rs !>hrinkage 
--:-:~~-- ,_ . ·,: .. ; ~--. - .. · - . - -~ - "o 

is effected ~P.nerally at temperatures up to lCO c, 
.... ··. •.·. , .... - . . ·. . 0 .· 

shrinkage.onl~ ~ets in at temperatures above 100. C 
-: . - .-·:·. --· 

case of the copolyester fiber. .._., __ . 

... . .. . 

Fig. 8 shows shrinkage related to te~perqture of two 

TREVIRA high-s~rinkage fibers. 

in the 

With the chemi~ally modified type TREVIRA 550 dying may be 

done ~t bo~ling temperatures without cau~ing shrinkage, 

.. 

a process that does not set in before finishing takes plac~, 

i,e. fixation with hot.air at a tempe~ature of 185° C~ 

... 
Physicalt¥ modified polyester high-shrinkage fibers are 

used for industrial purposer. .. -·· :... 
•·. . . . .. . . .. 

-·· -··· -, -·We know., - for· ex amp.le, of their app'.:.i cation i!'l non-wov_e~ - .• 1.. - • 

.. , 
·' . 
I•' • 

.. i .. 
. .. 

fa)rics used ~s a base for synci:etic leather. The non-woven 

fabric is r~nd~red flrm throu9~ a 9re~t deal of needle 
- . 

. ..:: ·;-.: ... ·/, < . '.:_: .. : -~:,_· .. .. ·; 

. .. 

_.._, 



• 

,_ 
' ·-·· 

I 

- "" PU?Chi~g, then shrunk, completely spli~ and finallyAla~er 

of water-vapor-pe~~eable polyure~hane js ad~ed. As far as - .. . . . - . . . . . . .- ~- . - .-: - . . . 

clothing is concerned, the most widespread use of poly-

ac~;1nitril- ~on~ractiqn fiber~ ·1~;i~-~~~~fie~d of ~~gh bulk 
. . - . . . .. .. . . ... 

. . 
ya;n~~ The new ch~mically modi(ied hi~h-shrin~age p~lyester 

. . . 

.. ·: .,.fibei;s ~~Y al~o be used ~9r high pile yarns i~ we.:ving . 
">··. . ~· .. --· - ··.:·.-:·-~·=-.. ·· ::_.· 1 ... - _-.: ... _ ... __ ~:""-~ ,-_ ... ~~-- : • • ·:. . . 

I 
• I 

--
.-. ' 

..::, 

·an4 kn1 ttinq. .·. . _ . . . _:: .. - ·;·· ·.-. . ... - .. 
• • • •. • • ~ .. '. ·.... • E •• • • .. 

-· . ----. .. _.. . ·_ .• : 

, . ; - . •. 

Ab~~t 30 \ high-shrink~ge fiber.s are spu~ t~~ethe~ with 
.. -... . .. 

- - . ~ .. 
. ' .. -. - ·. :. -: - . . - .. ~ -

.. : 
. . . 

.· .. -.. 
-· . ... 

!:!~~=~-~.!:~~-~f~~~~!-~=~~~-~~~~!~!!:= . --·:·. ~~ . 
.. .. ·_ .·.: ...... ·. ··-:·_..:_;_.:-_ .. ·:.: . · .. --~--~-·:· 

~monq the physicar modificati~ns there ar~ als~ fibers with 
. . ... . - . . '_: .. - - .. . --- . .. .. . . .. . . . -

~~e~ial ~ross ·s~ctions. ~his i~ pa~~Jcµlarly ~be· case with 
- . . . . . . - .. 

~elt~spun, fibers ~uch 

~·-~ropylene ~ateri~ls •. 
. .. ' ·: . 

as 
. . . 

~oly~mide, ~~~y~~te~ and po~y-
. - . ' .• l . . • - .. . . . 

. _. .. . . . ·.. . .. . - _. __ :~-. 

.:.:.~:~~?+;~;.:· -.: ~-:.:~·~::_~·;· :· _::·:":=-~:. __ :_.~ .··: .. ': . 
·--- . ! • .. ,,. ,_ .. ~ - ..: ·-·. .. ~ . 

Sine~ i~ has bec9me possible to achieve a wide varietv of --. . , . . .. . .. . . . . .. . ·. - .. 

f • -~.-• ·-' ' ··~ ... ~: :;~::.:: ';!:: :r: ;;;_:~: t:::: i ;;~ ~~! :: ~ ;: ~::_::;: ~~d ~he . ~.: f-:~-~-
:· . Fig. 9 shows seve~al shapes p_f thes_e modified cross· sectior.S'~ 

': - - •• ·11 ••••• 

Investigations have revealed that fibers with a 5-pointed 
. - . - . . 

-·star·or-H-rrofile·have somewhat less of.a tendency to pill 

because of their lower res~stance to bendino and higher 

.degree of abrasion. 

- - .• - 1 .. "The.touch of the fabrics ~ad~ f~om fibers with modif{~d 

cross sections is also affected. However, the mos~ important 

effect of the cross-sectional shape is the lustre of th~ 

fiber.·. ·. 

Lustre is primarily a matter of light reflec~ion • .. .. . 
~ ·. 
' If light travelling along its pa~h hit~ ~nother medium, 

. depending on th;: rharacter ist1c~ of this me.di um, light may 

be absorbed, diffracted in passing t~tough it, or ref lectcd; 
.. . . . .. ; ..... . ··-- ··- ..- ...... -~.,--···· .. - -· 

. . 
. ~-· ... 

. I• I .. , : . . .. , ... 

•. ' 

_ .. _-·, 



r 

-··, 

•,,, . 

- :;; 
·.·· 

- ....... 

reflection is diffuse from ~o~~~e s11rface~ and directional 

frpm polished pla~es. Tpus, for ~µstre the re~~tionship ... . ·-- -

be~w~eil lig.ht a~s~rpti<?!1 t dif frac~ion !l~~ !=efl:~~~~~n· i~ of 
si9n._.f.fic_a_n_ce.. ;_·_:·:-.. :·~;~::.-··_'·.--. ·:_;.·.,: ·---~.:·_·:: · . ~ .. :· -..... . 

• 4 ." ...... : : -· • •. • •. • .... • •• r •• . -.~ . . · . .-;• . " 

With ch~mical fibers the 

surfa~e ~tructure, cro~s 

determin~ lustr~~ 
- .· 

.. _._ 
·:·. . . -: .· ' ... 

transparepci 6f the fibei~ !Ls 
. ·.. .. - ... . ~ ~- . :_: - .. - . . . - : . : .. - . ; - ... .. -

section and· 101;9 i tudinal structure :: .. _ .. , .. ~- :·· _:-,:-~-~- ·._._·· .•. ·:_·-__ : __ ;-~:.~~--~ _- .. 
:... :_· .. _ ·: .. ~ - .. -· -

·• " I .. • ,: ... ;.; ._.·:, _:. ;· <~_<_:. 
... ; 

·. By adding deluste~ing agents or ·color pigments transparency~ 
. . ; . . . - . . . ..: ·.· ·. :· .... ··./ ... · . . 

. ·· ·and thus lustre, are reduced. · · .. ..... · · · · 
. . : . . . . ·- - . . -:. - . _-... .. :::· :·.-·: .. .. 

. . :: . ~ - - . ··-"" : .. . . .... . ; .- - .:. - _;· --· =:._ , .. -. .J. • ... '\ - - •• i . .. .. . 
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Fibers with r'ou~d cro~s· ~ec~ions r~f~~c; light eve~ly in 
- • •• •• • • - • • ". - • • • .._. '\. •• -· • .;. ".1 • ": -· -

all"di~ections, imparting a certain glitter. F~~~rs with 
. . '... . ... . . - - . . • . . : -·. - ... 7. : ~ ": ..... _ 

such p~ofiJ.es __ !i~~e_p.is9_used in carpets. HoweveF~ it was 

. _ : __ ---~~~:~:-::l .·"':·.·: ~·_.- _f_o~~d: tha~ dirt lodges in ~he. indent~~i~ns. ~f -·the fiber, 
~ ~ ! . i 

,. ·:-.::._. -.. imp~~ri~g the gli~ter an~ ca~sing· a~ ~a~ly noticeable 

··:- ~:~··.::·:,··-:' :s·oiling .of the carpet. Thus DuP~nt. has ·put a fiber on the 

.. 

. . .: ·'. ,,.· .· ·.· . . :· ... ·.:. •. . : . . . . . . . . . ~ . ._ . . .··· -
.. ·-.~Y":..;, .. -: ~ .;.,. _, ._!l_!lr.~.e~. under. ~_})e tr~dP.-= 9aJ11e. of AN'.1'4,QN ~hi.ch combi:l ~s a i. ound -· -

' . ·-

·' 

. . . 
crcs~ section with a rather ~pllow internal strucLure • 

.. · ··: .. · . . · 

Fig. 11 

.· ""'·· Tlle hollow. spaces. have_ internal re{lE7ctinq surfaces whereas 

on the outside the fiber is smooth without indentations. 

Thus ~his fiber has very good anti-soil properties. 

.. _ .... t ~-- •. 

Synthetic fibers consisting 9£ two firm~y linke3 but 

separable polymer materials a~e ter~ed ~!-component .con

jugat~d) fibers1 these polymer materials are either placed 

in layers next to each.other, are intert~ined or ·the con-

. jugated fiber consists of a mixture with bomo9eneous 

distribution (matrix/fibril sys~em) • The two polymers used 

may have a diffe~+ng cnel-tica1 and/or p~ysical structure, 

e.g. the conjugated fiber may consist of ~ hom~polymer and 

·· .• modified copolymer, or of two differer.t polymers. 
" .... ,'. : .. . ~-. ..-· .......... , ... ,. ,,. :- ...... · 

. .. · .. ·. · .. ::·,·· 
'· ..... , .. 

... '· .... 

•'• • \, '"°' I,.,,,, -· 

-._I 

I 

I 
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According to thei~ structure, we dificrentiate petween ' -
the fol~owing typ~~ of conjug~ted ~iber~: 

S/S (~~de-by7 side) types with a tilateral struci~ure, w~th 

polymer componen~s of differing shri~kage properties spun 

-~-~ ~exi to each ot~er. 
. .... · 

-· 

_· -. 

.. .. •·. · ... 
.. . ; .· . .. , - , -· ... 

. --.:_: ·-.--· ... :·; .. ; -
- -. -~· -~·:··;: ~ . : -.. · ... 

.. . 

··:··c/c (centric-ccver-core) type~ with g~nerally ~entric core 

.a:;id cover' structure, i.e. . the polymer ~qmponents are spun 
. , : . . 

. around each other. . ;. .. 

· .~/F .(matrix-fibril~) types with a matrix~fibr~«l structure • 
... _ , .. 

The most widely used conj~gated fibers are ~h~ S/S types. 
. . - . .... 

... • . • • t · .• ": . 

~hese fibers may be co&sidered to ~mit~te wool with its : 

bilateral structure. The spindle cell layer or the cortex 

.~f the cri~ped wool·hair consists of two elements ~if£ering 
. -· -.. 
~n their chemical reactioni and physical stability, the 

~aracortex an~ the orthocortex. This structure of the wool 
. . 

hair is the reason for its high degree of permanent and 

·r~generable crimp~ 
.. ~ •. -.~. :-.~ . : •• _.z. . : • 

.. --:." .. 

The two polymer materials used for the S/S types must comply. 

with tlifferent requirements. 9ne of these stat~s that 

sufficient adhesion must be generated on the interface to 

prevent a separation of the layer~. S/S types are made in 

order to impart to the fiber an intensive three-dimensional 

crimp that is to be as permanent as possi~~e and at the same 

-. 
. : .: ... 

I .. , ·· ... ,,,, r ,-,.time reversible. For this reason the two polymers· used must· · ·" ·.· · 

differ in their shrinkin~ proper~ies at higher temperatures; 

this s~rinkage is to take place during the thermal after

treatment. Usually, for the layer with the higher degree 

·':of shrinkage a l~w-crystallinc copolymer is used. The type 

of cri~p may be controlled not onl¥ through th~ relative 

difference in shrinking height but also th~ough shares of 

the different polymer and the shape of the cross section. 

Fig. 1~ sh~ws the cross s~ction of an S/S type produced by 

Monsanto from polyamide 6 and polyurethane ~lastomer as 

components. 
, ... 

... . . . . " . 

. . ,. . ' . ~ 'I' o •' '• ...... . 

·: 

1 

I 
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Fig: 1~ the fibef crimp~d ~y hea~ ~fter-treatment. 

. : . -. : ... - ~ 

:_ 

.. - -: . . . -

General~y, co~jug~ted ~/~ type ~i~~~s arc app~i~4 in the 
- . . . .. : . ... . : . . . ·.· . 

same fi~ld~ as tex~uriz~d yarns. ~~ many ~ri~~anc~s ~hey 
- . .- . . - . - . ... ' .· :. .... 

~re alsp included in the classif~cation ~~ textu~ized yarns. 
- ' . . .. ~ .• ·. ·.: :• -~ . • .. ~,_"<'a • . - -

. ... ~-. 
-~- : . .. _,. ·. : .. -. _ .. 

:_ :-~~- . 

Their p~~~cipal field of appli~~ti~n. f s ~~gh ~µlk a~rylic 
. \ .. ~-

ya~~ s (stapl~ fib~r~) for kni~~e~ ~~ads a?d~~~~etch poly-

amide y~~n~ (~i~a~~~t)-f?r h9~iery. The q(c typ~ fi~ers 
have been developed due t~ considerations tha~ ~iffer entiFe-

-... : . . . . . ; .. -· . -
ly fro~ those involved in th~ S/S types. .. -· . -

-.~ :=. -
---

.. 
- : . 

: 
·"' I • .. 

In almost all instances ~h~ core of the C/~ fibers has a 

~arrying func~ion and co~sist~ ~f a ~ig~~stren~th ~ater~al. 

!he c9yer may, for example, serye to im~art certain surf ace 

~~properties to the fibe~, as is th~ case yith ~fiber con-
_ .. :- -·. . ..· ... - .. 

. e 

- ; 
- . 

:·sisti~9 ~fa core of p~~y~~ide ~nd a coye~ of polytetr~-

flupret~ylene, imp~rtin~ $pecia~ ~liding ~u~~~t~es tp the 

fiber. --· 
.. !\,.. ~· .: ~- .. . ' -..... 

A cover of polyet~~lene placed over a polyami~e core protects 

the fiber against aggressive chemicals • 

C/C fibers consisting of a core with a h~gher ~elting point 

and a cover with a lower o~e Ce.q. polyamide 6.6 and 

polyamJde 6) have becom~ particularly importa~t. 

·such fibers are ~sed for the production of non-woven fabrics 

in which bonding is carried out by melting at the inter-. . . . .. · 
sections of the fibers. This bondi~g takes pl~c~ at a 

temperature at which th~ cov~r but not the core will melt. 

These non-woven textiles have an advantage over those b~nde4 

with chemical b~n9er~ in that they feel more like fabric, 

are softer and have a greater bulk whi~maintaini~q good 
- . 

strength. These non-woven textiles are used for floor 

cove~ing and upholstery purpo~cs. 



• 
:--

~·I 

·. 

' --

e ··~ 
- .· • .. !-- .-· ... 

.· 
Well-known brands of C/C fib~rs are: 

_a~~ p~~!~micie 6; f!eterofil by ICI Fibres f:-t?·, ·mad~ of 

-f~lyamide 6.6 and P?lyamide 6. 
. , .. . -: ': - ... 

. • 

Conjugated fibers of the M/F type nre spun of different 
:· •. . : ... • ;,. . . .. - . . . 

kinds or incompatible polyner components;- there is no close .. . . . . .. . . - . . 
blrnding ~f the two components. . -

•.· ...... ... . ' 
. . 

A den~e multitude of the finest short fi'I- ·;_ls pf one polymer 
'-

is embedded in a conti~uous m~trix made of the ~~~er • 

• t '-· 

When the fiber is drawn· the fibr~ls are drawn 011t.until they 
. · 

.. -

.. 
-- -.· -

· The best-known application of thi~ type are polyamide fiber3 
. :- · .. 
with inclusions of up t~ 40 \ polyester µsed for tir~ cord. - . . -···. - . 

Wh!l~ the polyamide provides goo~ adh2sion to rubber, the 

·pol¥~~ter ~~mponent prev~nts ~h~ we~l-~nown flaLspotting 

phenomenon that occurs in tir~s made exclusively with poly-. - . •. . . . . : . . ..: . . . . 

am.lde cord. 
--· -- - . .. . ·' 

. 
··other types ~f application for M/F conjugated fibers are 

no~ being d~vel~ped. 

During the last ten years texturized yarns have become so 

, . ,., .. """ .......... ~· ~"". important that., for example, today much more texturized thaL 

· : ., r.t .-.-. 

. . 

smooth yarn is used for cl0thing. 

In pile carpets too t~e texturizcd filament yarr. today has 

a dominating position as·far as the pile is concerned. r· 

believe th~t a good fund of knowledge e~ists about texturized 

yarns and therefore I should r.ather lik~ to discuss develop

mental tendencies in texturizfnq. 

Depending on ~he application, the goals set for the t~xturizing 

of filament yarns differ widely • 
. ' 

'•I• . ~. . . :; ' '. . -· 

... 
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• 
,· 

,. 

,·. 

. ~ 

~., •. ... 

In high-elastic yarns (UE) a high degree of elastic stretch 

is de~ir~d. ~uch yarns arp u~~d f~~ highly ~l~s~ic fabrics 

such as ~Jt~ tr~u~ers, b<'.lthing ~uits,·9i~dles,'·~t~;· In.set 
. . . . . . . . .· 

yarns the attempt is made to interfere with .the parallel 
•• • ·... # •• • ..... 

position· of the filaments and thus .to achieve - because of 
. . 

diffuse ~ight reflec~ion 7 a'charac~er similar to staple 
. : · .. : . . 

fiber yarns. Slight extensibility and, depend~ng on applica·· 
. . . . . . . 

tion, a ~igher or lesser degree o~· ~~l~ !~.r~qu~rcd • 

. ·-.: . . : 
. . . 

In text~~iz~d yarns for carpets, the ~a~a~ount goal~~s ....... 
a big~ b?lk inte~~ed to make the pile cover ~dequately. 

.. 
#' - •• .. · ...... 

Twisted ~a~ns are a spe~ial category. A $mooth yarn· with 

a ~tro~g tendency toward~ t~isti~g i$ used and pr~cessed 

with S and ~ twist; the result is elastic fabrics • 
. .... 

. . - . 
.• 

·. ~~-: · · ·,:. .: To~ay, the thermoplastic matet:ials · polya~ide, polyester, 

· ·:· .. ·.-.·~:->· poly;ropylene and ~c;:etate are almost U~e only ones used for 

: · •• t textur~zing. 
... . ·:-· 

.. - .. 

·e 

' 
.. Outside of the texturized carpet yarns, the false twist 

' method predominates in texturization. ~he eco~omic de~elop-. 

ment of the false twist method ~s prvceeding in the 

direction of ever increasing spool weights and, in the 

case of set yarns, of continuous set machines. In Milan 

thi~ year machines were shown th~t have a spindle speed of 

more than 1 million r.p.m . 

. 
Of g~eat'current interest is the problem gf combining the 

t~xturizing process with dra~ing and spinning. 

· ,.,,,," ,:·~ Fig. 15 shows the traditional method with separate operations 

for spinning, drawing and texturizing. Spinning and drawing 

is done by the manufacturer of the chemical fiber and the 

. texturizing by a company outside of the synt:hef.J.c fiber 

industry. Spinning speeds run 1000 to 1500 meters per minute, 

the.initial speed of the draw~ng frame is 500.to 1000 m/min. 

•. 

Fig. 16 demonstrates a method that is still undergoing 

development. Here spinning and drawing are car~ie1 out 

' 



.. 

. · 

.• 

• 

I 

--

I 
I 

continuously, wi~h an initial sp~~d of 2000 to 4000 m/min • 

"' - - .. "" .... - l - -.. GA .... .-. 4~•··~ 

. 
is c~rr!cd cut . ·• 

· ~ ~19. ll shows the draft-tcxturizi~g process combining 
.. . . ·-
-~~~wi?g with texturizi~g. The syn~heti~ fib~r industry. 

(particu~arly in the U.S.A.) is ~lreadJ ~pplying.this method 

on a large scale. We diff~rentia~~_be~~een the simultaneous 

and the sequential systems. In the sequenti~l method 

drawing is. car~ied out before en~~rin9 ·:~h~. ~-wi~ting device 
- - ·.. .. .. 

in a special drawing frame. In t~e simultan~ous method 

dr!wing i~ carried out in th~ text~ri~ing zone it~elf. Both 

methods are.~n use in ~he synt~~tic fiber ind~~try. Compared 

to the traditional texturizin9 ~ethod~! th~ y~r~s produced 

by the combined draft-text~rizin'1 ··. sy~·~e~ dy~-- ~o;;e· e~enly. 
:- - -- . .., 

·. 

The basic product for draft-te~turizi~? method is undrawn 

material that is to be drawn 3.2 to 3r7 times or pre-oriented· 

material that still needs to be drawn 1.5 to 2.6 times • 
. : .. . -·. t: '. . 

....... ·. .. :. . ... - - . . · .. : ' 

. Undr~wn material is unstable ~nd must be processed within ... 
.. --a few days.·It. is very s~nsitive to thermal influences and 

-.......... 1~ not suitable for com~ercial use; this is why the combine~ 

--
' • 

.. 
'caft-tcxturizing operation is carried out within the 

synthetic fiber indus~ry and thus w~ speak of "producer 

texturizing". 

It may be expected that during the next f iVe· years draft

textur ~zi~g will be the method of choic~~ friction texturi

&ing will render feasible spindle speeds of more than 

' 1 ~illion r.p.m. and texturizing speeds of 450 to 600 m/min. 

Looking into the more distant futµre, eyen today develop

~e~ta~ work is beirig pe~formed in order t~ arrive at a 

fully integ~ated m~thod in whic~ spinning, drawing and 

texturizing will all be ,Performed in a sing le operation .• 

. 
Amon~ the large number of other texturizing methods, the 

compression chambc~ crimping method appears to be significant 

•· ••I .•., '• • .. .. 
. . 

l 
I 



' 

" 

' 

. -~ • 
·. 

since this is utilized primarily for the vroduction of 

tex~u~!zed carp@t yar.ns. .. . ... · 

In ~ddition, I shpuld like to men~ion th~ ~low method (or 
. . . . . ·: . ·-· ·. 

TA~~AN technique) and the steam blowing technique, used by 
. . . . . - .. - ·... -· -

Du?ont1 both these methods are used to produce carpet yarns. 
~- ~ •• # -- ••• • .. _: - • • • • - - :_·- .. • • • _· -

. ·. ... : 

In the p~oductio~ ~f twist y~~~s ~~~ ~~~c~lled twist 

compression metho~ is.µsed. In this ~~chnique special .. - . . - - . -. . . 
• 

fixtures ar~ used on the drawing ~ach~nery to fix the twist 
. - ... .. . .· . . . - . 

wt.ich is generated befo~e the ya~~ en~ers t~e ring traveller. 

The yarn thus is n~t crimped but rather has a twisting 

tendency. The yar~s are pr~duce~ with an S an~ an Z twist 

and used in two SY.~tems t? produce la~ies• ho~i~~Y· The 

combination of S and Z twisted yarns. results in ~n opposite 
. 

direction warp of the mesh and thus a high degre~ of longi-

tudinal elasticity for the sto~king. 

Othe~ t~~turizing methods, su~~ as the C~~ru~?e~s t~chnique, 

th~ edge drawing method, the.knit-de-knit system and the .. . ~ .. . - . . . 
____ cog wheel method are only of y~ry li~ii~d sig~ific~nce. 

e· 

i . . . 

. "':--

= --~ 

,.. 
The advantages of texturized yarns, their adaptability to 

certain types of uti~ization assure an e~en wi~er applica

tion in the future and thus an increase in production. 
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FIG. S · . · . .. · .· · . ·. r.. . 

OATES OF STR~TURE AND CHAr.CTERlSTICS 
· JF A MODAL-FIBRE IN SOM?ARISON TO A 

CLASSIC CELLULOSIC-SYNTHETIC FIBRE 
.. . . 

DP . Cr/ fr fens11e strenght .extension 
in p/fex in% 

cond. wet cond . . wet 
. . . . . . .. .· . 

· CLASSIC .. . . .. : .. . .. 

VISCOSE -FIBRE. 290 ·0,79 0,312 .. 19,8 . 10,5 .. 27 29 .. 
" ., ... " 

MODAL-FIBRE 360 0,70 0,458 . 37,4 25,2 14 16 
' 

DP average grade · of polymerisation 

• Cr/· crystalline index 

fr factor for orientation 

' 
. 

~ ~,,, 

•, 

· wef-modu/ 
in p/tex 

34 

112 
,, 

'. 

-··-- ·------~- . ---·---··---....... ._ .. _,......._. ____ .,..... ......... ,. ···-···.-.,,. ··-·--·-- ·-· _...._...___..,__,.__ 

- -

• 
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