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Physical Methods of Fiber Modification - N ..

Bf Préf.Dipl.Ing.Wilheih Herzoy
Revlewing the develoPment of synthetic fibers, we note o T '
R é?_an 1nitia1 stage durlnq which the efforts were directed =

' - at finding fiber- forming polymers. -~?.

< -

v ' The synthetlc fibers made from them were made to resemble

natural fibers and weke to have as wide a field of applxca-
(]

_tion as posisible.

TTe T L. . N - e . L. - - - . P ..
-~ .. T . ’ - Pay vt .o T - - .

’ E _v{;-”'Dur'j.x_\g th'e ée;:o-l')d pha;e of c‘ei'vei«.)pﬁéﬁt i:iie %iéldof aﬁéiiéa-

) .'f:j,tioh‘fdr'synthetié fibgrs was expanded through variation
“and modification and adgpted éver more closely to the N
Specific requiremenﬁs. The use of completely ne\ technolo-

_ gical methods, such as texturlzing, gave rise to novel

-~ textile materials. Thus the synthetic fibers born aﬁ;iﬁg

* this second phase are frequently termed Eibers of the

: _secona generation. lf R B - Vn.;vu;mi.;g,: :;j"’*;

' . . oo - P L P

uUnder the general héadihg of physical mefhoaé of fibét- - .
-modification . should now like to report on some of these
methods and will be dealing with the following subjects:
," . - Modification of the structure of the fiber material
« . ‘ Modification of fiber shape (special cross-sections)
Conjugated (bi-component) fibers and '

fexturization

< 7 " Modification of the sztucture of the fiber material

D R P e o D e e e S M = G AR G - . — D . WV S ——— G G . - - - . > S -

Synthetic ﬂibérs'céhsist of leng-chained maéromolecules, —- .
linked to identical basic molecules by chemical bonds.

Dépending on the chemical structurée of the basi_ molecules

* and thé type of linkage making up the macromolecules, these
‘basic moleculés are formed into lincar chain molecules or

into btanchcd or cross-linked macromoleculcs.

1~
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' over a certain distance - compared to cross positioned

Trum Y FmaT

Each fiber consists of many suvch macromolecules. In addition
to the strong chemical bonds acting in the interior of the

macromolecules, intramolecular forces - considerably weaker

- also exert an effect “The effectiveness of these inter—

molecular forces depends on the p051tion of the aacro-

molecules in relation tc each other.

e,

If one or more macromolecules are parailel to each other

molecules which are linked only at one point - their

: linkage becomes stronger due to the summation of severai

N .- . - . - .'—. ~
forces. L JEER . AR 1?;57i-'n£

I‘ig 2 o '..-. . '_ . ) < ' ) '..‘-_‘ .:. '- - _, .  .. . ": '-..' : F_’ --:.

In the molten mass or in solution the fibers assume a random

disoriented position that is altered constantly because

.-

of the temperature changes. '; ﬂ.; M ;'j_}.. _;:TF;fﬁv
mg 3 e T T

Ja._' -:'.

e When the molten mass solidifies or the solution is precipi-
‘tated, the macromolecules generaiiy take on a random p051tion,

however, there are. a;eas in which for certain distancos S

parallel positions are set up. --: ' -{‘{;7?'5

. These crystalline areas in the fiber, quantified by the- )
" degree of crystallinity, affect their hydroscopic qualities,

dyeability and wet strength.

The orientation of the macromolecules, particplarly in the
crystalline areas - with respect to the longitudinal axis

of the fiber - primarily affects the mechanical properties,

_ tensile characteristics and strength. The application of

' suitable measures during and after spinning permits purposive

™~

DS

-

changes in the structure pof the fiber material, f.e. in
‘the degree of orientation and crystallinity.

- Synthetic fibers made by melt spinning have only a low
degree of orientation of the ma romolecules during the
spinning of the fiber. Only the subsequent drawing process

srovides the desired properties through correct orienta-

-tion. If this-drawing operation is carried out ac¢ tempera-

tures exceeling that at which the product turns glassy,
this will increase the degree of'crystallinity.

The'stronger intermolecular links resulting from this

- operaticn increase resilience and strength of the fiber,

—__ "
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Pig 4 demonstrates the effect of drawing the tensile
‘s*rcngth and extensibility of polyester fibers. Generally,
dyeabilit; decreases with increasing orientation and
_thermal shrinkage is on the r‘se. Subsequent heat treatment
- depending on the temperature and on the fibers beiqg
permitted to shrink freely - causes a decrease in orienta-
tion and.a. rise.in crystallinity. The thermal fixation

of a fiber for the purposeiof limiting shrinkage is the
consequence of the interplay betwveen disorientation and

the crystallization due to the heat treatment

'Based'on the findings on the effect of tlhe structure'of
fiber materials, chemical and physical. modifications were ~
attempted in order to obtain fibers wrth specific proper-~

ties, i S ;- s T L --' T :“ .

- -

" I should now like to report on some of these modifications.

I - -

Modal fibers - modified viscose fibers - Do ff}:

S e e e e e e e e ST e ——————

The traditional types of regenerated celldlose fibers.vr
have a_relatively low tensile stiffness in the decisive
.initial range of the tensile strength-egtension behavior;
this.holds true for the air-dried state and_particularly
when wet. It implies that even little traction will result
in a comparatively high degree of deformation which is
only partly restored through elasticity} This type of the

conventional cellulose synthetic fibeéers has inadequate

"stability'ofrform when wearing and washing textiles made

from these fibers - a fact that can only be remedied in some
‘cases by a suitable finish. It was the high degree of
longitudinal instability in particular that madestextiles
mpade of pare cellulose synthetic fibers unsuitable for
vashable'clothing. Thus it was the goal of modification to

--obtain a fiber with.a high wet modulus, By means of a new

spinning technique plus a changed composition of the pre-

cipitation bath, a high drawing-out rate and a slow
_coagvlation. of the fiber it was possible to improve the

';orientation_of:therfiber and thus achlce¢ve the desired
- . .¢., . N . ’ - .

qualitias.




. . Fig, S shows the data fcr a high wet mcdulus fiber compared
o ’ to the traditional viscose material T .j;, U
',._.*'.._-. "\:::. -. ,'f O - ;‘-_ E - . bl 1_~';'!~"

;;ii!ou will note that the purpose of modifying the structure
F_g: . ;\f:iof the fiber material was fully achieved Tod.y modal
E{j.-: u _.' fibers have become a major interest Perhaps >ne day they
- - .-vill take the place of cotton. ‘:f = fif;f
R ’;, : The advantage of these p051tive properties, however, is _
. : 'raccompanied by the adverse effect of the propensxty towards
: pillinq in textiles made of polyester fiber. You know that
'_ the term “pilling" refers to the formation pf small knots
' of fibers on the surface of the fabric which severelj impair
~ the appearance of the clothes. Pllllng is due to abrasxon
"t;mfi,nnﬁis. and IUbbinglduring use,.causing indrv:dual fibers to -A-"r-;f;
.-.ﬁi: _; ' migrate from the yarn and formlng these little knots..In
» | - textiles made of natural fibers chese pills generally dlS—A
Ly fi-'appear quickly dua to abrasion, this is pot the case w1th _
'_sé-“i.",:l;, polyestercfibers which have great strength and a part1cula--""?

\..——

stiffness. Thus ways to overcome this pilling action were

b ; sought T e '-f'?’*“{a& g ;};”T’Lr-a BRSO s

éars.;zi _;,::fOne-yas-to'anChor the yarnS‘or threads within the entire
'structure'of the fabric so that they would come loose with

. use. However, this leads to a considerable restriction in
'.the use of polyester fibers. Therefore, attempts were made

B ew s » ~

ih--f’~ -+ ~>-to recice the rerding abrasion resistance of the fiber by~
| physical and later by chemical modification. The physical
' :method that was successful involved a shortening of the

‘macromolecular chain.

Fig. 6 shows a diagram published by Hoechst A.G. on the
relatipnship between bending abrasion resistance and
breaking strength on the one hand and molecular weight on
the'other. The curves for normal polyester fibers and those
for low-pill polyester fibers due to physical and chemical

nodification are presenfed. <f~v>"==v-' Y
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fig{t7 presents the pilling curves for a fabrie‘and knit
‘goods made of these fibers. o C - :

- . B P SRR
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High shr*nkage fibers are used for the production of hlgh
a_bulk yarns that have Heen made from polyacrylnltril fibers-i'-
) they are used elmost excluSively for knitted goods. Sinqe_-
j3voluminous yarns ate also "in- demand for ladies' and men's

’ clothes, the manufacturers of polyester flbers have ‘now

,_also developed high-shrinkage fibers. - ':'ﬁﬁﬁ';

S .

In the case of p01yacry1nitril fibers, the probiem of pro-’
' ducing high shrinkage in the fibex may be solved by bette*-
' orientation. With polyester fibers this 1s not sufficient _
if flock or.yarn dying is requlred For this reason, chemic-
'-;ally modified polyester fibers have been developeo in
v.ifdaddition to the usual high-shrinkage fibe»s obtained by
‘f:_physical modification and a high degree of orientation.

Hhereas in the physically modified polyester fibers shrinkage

u.;::-; is effected ~pnerally at temperatures up to 1CO C,

shrinkage only sets in at temperatures above 100 C in the

LA S

case of the oopolyester fiber.
'Pig. 8 shows shrinkage related to temperature>of two

TREVIRA high-shrinkage fibers. ' '

With the chemically modified type TREVIRA 550 dying may be
.done at boiling temperatures without causing shrinkage,

a process that does not set in before finishing takes place,

”i e. £ixation with hot air at a temperature of 185° c.

Physicalry modified polyesterx high—shrinkage flbers are

psed for industrial purposer.
- -He know,-for'example, of their application in non-woven . m
fabrics used as a base for synthetic leather. The non-woven

fabric is rendered f.rm through a great deal of needle




:' ;;. - »punching, then shrunk, ompletely split and finallyxlayer
of water-vapor permeable polyurethane is added As far as
. gf'. clothing is concerned, the most widespread use ‘of poly-
. ,.fﬂfij: acrylnitril contraction fibers is in the field of high bulk
. yarns.'The new chemically modified high shrinkaqe polyester

fibers ‘may also be used for high pile yarns in wetving

; and knitting. " R A{dffﬁ;

.,..,-.-. . . . : S VS

i About 30 ¢ high shrinkage fibers are spun tOgether with

"»f . 70-! fibers with normal shrinkage. T _f}_’-;:TLH :";};'_"

Fipgrs_gith_spggial crgss sectigns ':"vpifgﬁéi._i;- Vf»;-

' SRR - .'_..'_ . Bt
=~

" f"\_. Among the phys:.ca1 modifications there are also fibers w1th
. special cross ‘sections. This 1s particularly the case Wlth
' melt-spun fibers such as polyamide, polyester and poly- -

propylene materials,. I g;: ~~.:“:,.5-

E - PR R

- S .ot . R . . " A LS
-~ - - e - - - - .

' §ince it has hecome possible to-achieve'a wide varietyvof
cross sections throuah special spinning noz71es, the effect

suserorlLsinn of these neu"cross sections has - been 1nvestigated.- ~»a~»~—j'~i'

. . T RS AL . i
- -, ALt . . rogr 1 - -l T
T . . - Tl i - ey

?ig. ] shows several shapes of these modified cross-sectiors;
; Investigations have revealed that fibers w1th a 5 -pointed )
PR 1~m'lstar~or~H-profile-have somewhat less ofha tendency to pill”

. V because of their lower resistance to bendina.and higher
‘ .degree of abrasion.
=+ <. " -The.touch of the fabrics made from fibers with modified "~ 7" ~
cross sections is also affected. However, the most important

effect of the cross-sectional shape is the lustre of the
"fiber. R L , iy

Lustre is primarily a matter of light reflection,
. : s . ’-. : -

If light travelling along its path hits another mediunm,

.depending on th: ~haracteristics of this medium, light may

- be absorbed, diffracted in passing th:ough it, or reflected; '

.- . . , e, C . e RPN e e -‘—'-odau— e e L B . . -
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. . '_reflection is diffuse from coarse surfaces and directional

from polished planes. Thus, for lustre the relationship

o~ between light absorption, §iffraction and reflection is of
X ?- '; signjficance.‘ “-';:fg «{:sz§ﬁ_-fﬂ,}*f;;5;f F
:;ff> -3 . Hith chemical fibers the transparency of the fiber, its )

- ) surface structure, cross section and lOngitudinal structure

- determin€ lustre. "; T 'ftj:;f;}{ff,

'nf;ﬂ-; o By addlng delustering agents or color pigments/transparency,

'ﬂ=and thus lustre, are reduced. ) _~,iy_‘ Sl T

irig 1o IR 3 S .
’ . o L 'Fibers w;.th r;ound cross sections reflect light--evenly in
all directions, imparting a certain glit*er._Fibers with

_':cux' such profiles were_also used in carpets. However, it was .- -
'¥?E§';'f_found that dirt lodges in the 1ndentations of the flber, s
"Jgfg_::impairing the glitter and causing an early noticeable
'f'?lzil?’SOiling of the carpet Thus DuPont has put a fiber on the
. Av“zimarket under the trade-name of ANTuON thch comb11=s a 1ound-sj

v crcss section w1th a rather hollow internal structure. ,,;'Ji

. .- ’_ . . ‘- :_.-».'_ . - . . . ‘- .'_~"'. _».-_.
' Fig. 11 , , !
;",,4,‘#' nr“The hollow spaces. have. internal reflectina surfaces whereas -~~~ :
on the outside the fiber is smooth without indentations. -
‘ . Thus this fiber has very good anti-soil properties.
RIS VIVIER ST P .;Conjugated (bi Compoﬂent) fibers . " . RS PR TR

Synthetic fibers consisting of two firmly linked but
'separable polymer materials are termed bi-component .con-
jugated) fibers; these polymer materials are either placed
- 4n layers next to each other, are intertwined or the con-
jugateo fiber consists of a mixture with homogeneous
; ’distribution (matrix/fibril system). The two §olymers used
' ~may have a differing chemicai and/or pnysical structure, .
é.g. the conjugated fiber may consist p{ ; homoupolymer and

a modified copolymer, or of two differert polymers.

e e s w e g aem abes e gk Yo r” e R T LT A P




Fig., 12

-

ST According to their structure, weé dlrrerentiate between

N SJ:"' the followlng typcs of conjugated flbcrs- yj;.: L
“:':?;~ S/S (side-by-side) types with a kilateral struéture, with

polymer components of differing shrxnkage roperties spun

'~3f; next to each other.
fo c/c (centrlc cover-core) types with generally centrlc core
V a1d cover structure, i.e. the polymer components are spun

around each other. , o :3~!»7” SR

)

M/F (matrlx flbrill) types with a matrix flbrlxl structure.

'_~i. . : The most uide;y useg_conjugated fibers 5;9 the slé_tybes. |

.. * e e
. - - :

i . 'rhese fibers may be co..sidered to :,mitc.te wool w:.th its
' b11ateral structure., The splndle cell layer or the cortex

of the crimped wool- halr consists of two elements dlfferlng

in thelr Chem1Cd1 reactlons and physxcal stablllty, the
paracortex anc the orthocortex. This structure of the wool
halr is the reason for its high degree of permanent and
regenexable crlmp. o : s ';'“.':f.5-5£;; fﬁf.e;

"The two polymer materials used for the S/S types must comply.
with cifferent requirements. One of these states that
) sufflcient adhesion must be generated on the interface to
prevent a separation of the layers. S/S types are made in
‘ ‘ order to impart to the fiber an intensive three-dimensional

crximp that is to be as permanent as possible and at the same

rrye ~..time reversible. For this reason the two polymers used must "’

differ in their shrinking properties at higher temperatures;
this shrinkage is to take place during the thermal after-
treatment. Usually, for tne layer with the higher degree

- -~ :of shrinkage a low-crystalline copolymer is used. The type
of crimp may be controlled not only through the relative
difference in shrinking height but also through shares of
the different polymer and the shape of the cross section.

FPig. 1? shows the cross section of an s/s type produced by
Monsanto from polyamide 6 and polyurethane elastomer as

components.

P
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the fiberx crinped hyiheat after-treatnent}iy =

'A.i.\. ;. ’ . i o - ) CE ’.' "
. _Generally, congugated S/S type fibers are applied in the

'fjfj;n;j same fields as texturized yarns In many instances they

";re also included in the c1a551f=cation of textu*ized yarns.

~ S . ...,. L.

',-o' - . - . ) ’ . o - _,’. s : -:_ . :

Their prinCipal field of application is high bulk acrylic
yarns (staple fibers) for knitted goods and stretch polv-
" amide yarns (filament) for hosiery. The C/C type fibers

f._ o have been developed due to considerations that differ entire-

. . E ly from those involved in the s/s types B '_;f‘,'

. - s [P PN
., N - -

In almost all instances the core of the c/q fibers has a )
'“'ife; _carrying function and consists of a high-strength material.
. The cover may,

for example, serve to impart certain surface

"jyproperties to the fiber, as is the case Vith a fioer con-

:'Sisting of a core of polyamide and a cover of polytetra—

.h_fluorethylene, imgarting special sliding gualities to the {

. A cover of polyethylene placed over a polyamide core protects

the fiber against aggressxve chemicals.

C/C fibers consisting of a core with a higher melting point

-
' .

and a cover with a lower ore (e.g. polyamide 6,6 and
\ - “ ' polyamide 6) have become pzrticularly important.

—

"Such fibers are used for the production of
in which bonding is carried out by melting
sections of the fibers; This bonding takes
temperature at which the cover but not the

. These non-woven textiles have an advantage

with chemical binders in that they feel more like fabric,

are softer and have a greater bulk whil¢maintaining good

j'st:rength.

covering and upholstcry purposes.

.
N
ve

These non woven textiles are used for floor

non-woven fabrics
at the inter-
place‘at a

core will melt.

over those bonded
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; made of polyester

and polyamioe 6; Heterofil by ICI Flbr s Ltd., made of

polyamide 6. 6 and polyamide 6. : t' T ;"~:{

Conjugated fibers of the M/F type are spun of dlfferen-
kinds or 1ncompat1b1e polymer components,,there is no close

blfnding of the two components. . ,‘j;.l{péf.  Lo D

ISR - P T

h denselnuititude of the finest short ‘ih-‘ls of one polymer

is embedded in a contlnuous matrix made of the other

R v

.- i S .
!_. S - .or
.y -

When the flber is drawn the flbrlls are drawn out until they

have a d1ameter of O 1/“ or less. _ *"l'j'ﬁjfﬁf; :,.f". =

-
-

The best known appllcatlon of thls type are poly=m1de flbera
with lnclu51ons of up to 40 % polyester used for tire cord
hile the polyamlde provides good adh2sion to rubber, the

polyester component prevents the werl known flatspottlng

phenomenon that occurs 1n tires made exclu51vely with poly—

-

amide cord. ' -ﬁzl;..j ' ;jtf: L

‘Other types of appllcat~on for M/F c0n)ugoted flbers are

noa being develcoped.

Texturizing

puring the last ten years texturized yarns have become so

.important thac, for exampie, today much more texturized thamn -

-smooth varn is used for clething.

cSYTrOE ST

In pile carpets too the texturized filament yarr today has

a dominating position as far as the pile is concerned. I~ - '~
believe thuit a dood fund of knowledge exists about texturized
yarns and therefore I should rather like to discuss develop-

mental tendencies in texturizing.

Depending on the appliéation, the goals set for the texturizing
of filament yarns differ widely.

vy




. - In hioh—elastic yarns (HUE) a hig

'h:’

degr of elastic stretch
n .

S, =
- 41

yarns arg used

L is desired. Suc

. - \;, - such as sk1 trousers, hathing suirs, girdles,’etc. In~set
yarns the attempt is made to 1nterfere Wlth the parallel :
-posxtion of the filaments and thus to achieve - because of l
diffuse light reflection - a character s;milar to staple S
"~ fiber yarns. Slight extensrblllty and depending on appllcan. '

tion, a hlgher or lesser degree of bulk ;s required.

.
- - - 3 T ) a St
»
. . . < .

In texturlzed yarns for carpets, the paramount goal 1s ‘ R

5f AN _.ua high bulk 1ntended to make the pile cover adequately.

-~ R Tl L. ~-

-l = fy’f' Twisted yarns are a special category. A smooth yarn'yith'

. - ' a strong tendency towards;tw_isting is used and processed |
:}13.3 jf’ ' with S and Z twist; the result.ls elasric fabrics.
**:;;;;;ﬁﬂ_eToday, the thermoplastic materlals polyamlde, polyester, ) B
. :%;?f- polypropylene and acetate are almost the only ones used for )
g}>'7{-7' texturlzlng. . :".ff""“"ff*f' .f'gﬁ ."~f,.?¥fr~ P
i .—;__-Outside of the texturlzed carpet yarns, the false tWISt .fk .
'\\: methcd predominates in texturization. The economic develop-

-
N

ment of the false twist method is prouceeding in the
'direction of ever increasing spool weighes-and; in the
i case of set yarns, of continuous set machines. ln Milan -
’ . this year machines were shown that have a spindle speed of

- more than 1 million r.p.m.

Of'great'current interest is the problem of combining the
texturizing process with drawing and spinning.
~ranmyrass Fig. 15 shows the.traditional.method with separare operarions'
for spinning, drawirg and texturizing. Spinning and drawing
is done by the manufacturer of the chemical fiber and the
- texturizing by a company outside of the syncthetic fiber
industry. Spinning speeds run 1000 to 1500 meters per minute,
the, initial speed of the drawing frame is 500 .to 1000 m/min.
Pig. 16 demonstrates a method that is still undergoing

development. Here spinning and drawing are carriet out |




by the combined draft- texturizing system dye more evenly.

(L

1
-~ e . - ST T

'f¥ig. 17 shows the draft- texturizing Process combining
;drawing with texturizing. The synthetic fiber industry

(particu arly in the U. S.A. .) is already applying “this method

“on a large scale. Ve dlfferentiate between the simultaneous

and the sequential systems. In the sequential ‘method
drawing is carried out before entering the tw1sting deVice

in a sPecial drawing frame. In the simultaneous method ) -.f

-drawing is carried out in the texturizing zone itself. Both
" methods are in use in the synthetic flber 1ndustry. Compared

" to the traditional texturizing method ' the yarns produced

The basic product for draft texturizinj method.is undrawn

material that is to be drawn 3.2 to 3, 7 times or pre- oriented

material that still needs’ to be drawn 1 5 to 2 6 times.

.._(: .

- o - - . o L tTe T - RIS C T ae
R (ORI . K L=

Undrawn material is unstable and must be processed within

‘a few days. It is very sensitive to thermal inflnences and

i' not sujitable for commercial use; th*s is why the combined
Graft-texturizing operation is carried out within the "=}
synthetic fiber industry and thus we speak of "producer '
texturizing”. | ' o '

It may be expected that during the next five years draft-
texturizing will be the method of choice;'friction texturi-
zing will render feasible spindle speeds of more than

1 million r.p.m. and texturizing speeds of 450 to 600 m/min.

booking into the more distant future, even today develop- .’
mental work is being performed in order to arrive at a
fully integrated method in which spinning, drawing and
texturizing will all be performed in a single operation.
Amon; the large number of other texturizing methods, the

compression chamber crimping method appears to be significant




In addition, b ¢ should like to mention the blow method (or

TASLAN technique) and the steam blowing technique, used by

Du?ont;

R

both these methods are used tp.prpduce carpet yarns.

In the production of twist yarns the so-called twist

conpression method is used. In ahis technique special

fixtures are uaed on the draw1ng machinery to fix the twist
wkich is generated before the yarn entere the
- The yarn thus is not crimped but rather has a twi;ting .
tendency. The yarns are produced with an S and an z twist
and used in twvo syetems to produce ladies' hosxery. The
combination of S and Z twisted yarns results in an opéosite

direction werp of the mesh and thus a high degree of longi-

ring txaveller.

tudinal elasticity for the stocklng.

Otherx texturizing methods,

the edqe drawing method,

such as the Carruthers technique,

the'hgit-de—knit system and the

_cog wheel method are only of yery'limited significance.
The advantages of texturized yarns, theit.adaptability to
certain types of utitization assure an even wider applica-

tion in the future and thus an increase in production.
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FIG.S e R .
~ DATES OF STROCTURE AND CHARSCTERISTICS

JFA MODAL-FIBRE IN ©OMPARISON TO A
CLASSIC CELLULOSIC-SYNTHETIC FIBRE

DP Crf fr - . fensile sfrenghf ,extensibn -wet-modul |

#'.; - in p/tex in% in p/tex

| ‘ cond. wet . cond. . wet S
cLassic L BEEE | |
VISCOSE-FIBRE 290 079 032 ~ 188 15 . 27 29 34
MODAL-FIBRE 360 070 0456 374 252 % 16 12 -

DP  average grade of p.olymerisation

Crl ~  crystalline index

fr factor for orientation
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