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Dipl.Ing.Faerbar :
Erste Csterreichische Glanzstoff-Fabrik AGC 3. Oktober 1979

Chemistry and Technology of Cellulosic Staple Fibers and Filaments

- The discovery of man-made fibres hias made a deep impact on many
spheres of human activities and habits. It has significantly changed
the material conditious of 1life. Therefore I may say there is not
only the recsearch ané the technology we have to discuss butl also the
raw nalerials we need now and in the future for ithis production just
as the links which cconnect the fiter industry with the producers of
clothing and even with the ultimate consumer.

The increasing population and the steady improvement in the standards
of living have greatly increasecd the denand for clothing and for
better clotining at that.

In:the past we can obtserve four distinct phases in the development
© of man-made {ibres,

The early ycars of this century saw the discovery and the technical
development of the reozencrated celiulosic fivres, of whick the most
important tecome viscose, acetate and cuprammenium. The moct amazing
aspect of this development is that it {ook place in the absence of

any exact knowledge of the structure of the cellulose. Tn spitz cf thig,
the growing acceptance of rayon fidbres ty the textile industiry and

by the consumer assured considerable economic importance.

" .The second phase, the great leap forward was initiated like so many
other technical advances by a pure fundamenzal research. In the
1920's X-ray analysis unravelled the chain-molecular concept of fibres
structure. Up to,1ithat time it had not even been accepted the cellulose
was a chein-molecule; much less how it was put together to form fibres.
Once it was established that the science of fibres was part of
polyners, reszarch into ithe posibility of building chain-molecules
begans. It soon achieved its first spectacular success., The synthesis
of polyauids, and the devclopment of fibres {rom caprolactam, showed
that it wuas possible to produce entirely synthetic fi'vres.

The third phase began in the 1940's with the application of the newly
gained knowledge to the indusirial production of nylon, quickly followed
by the discovery of many other fibre forming polymers, such as
polyesters, acrylics and polyvinyls. Within a few years large factories
shot up for the production of ti.c new fibres.

Usually there is a gap of 25 years between the fundamental scientific
discovery and its industrial application just as the enjoyment of itu
results by the consumer. In the case of man-made fibres this gap hkas
bren shoricued considerabdbly.

In the fourth phase tremendeus efforts have been made on perfecting
every stage of the fibr: forming process. Diccoverie of new technigan

and new applications followed ecach olher in a continous stream,

Some of the discoveries have not only given birth to a wide range of
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new fibres and yarns. They have profioundly influenced research and
technical development in many associated industries.

It is as if science had released a source of great force, which in its
way has fertilised many [ields and totaly changed our ideas of how
fibres can be used and the performance of which they are capable.

In the first place, the chemical industry has been stimulated to search
for better ways of producing the wide range of raw materials required.
This search has also given considerable stimulus to the petro-chemical
industry. Research has led to a better understnding of mechanics of
polymerization and easier methods have been disvovered for producing
high polymers. )

Competition from the newer fibres has induced the producers of the
regenerated fibres to improve the quality of their procucts. The most
important result has prooably been the progressive improvement in the
properties of viscose, but there have been othcr cevelopmenis also of
great significance.

Regenerated cellulosic fibres, because of their low cost, still account -~
. for one third of thLe worlds total man-made fibre procduction. The develop .nt

of polyncsics, with their higher modulus when wet and of crosslinied

viscose with improved resilience, will help to meintain their high share

of fibre consumption. The development cf triacetate, a relatively cheap

fibre which combiners thermoplatiic characteristiics and drip-dry-easy

care properties with silkiness and handle, has led to an amasing revival

in the demand for acetate fibres.

-

Even the producers of the natural fibres have been stimulated by the

competition of the man-made fibres to imgrove. the properties of their
products, lluch of their effort is ccncentrated with the help of new
finishing techniques on producing fabrics which arc quick drying and do
not crease easily, which do not burn, perish or lose tchape, and which
require the minimum of atiention in weare and after cire,

As the experience of the last years shows the political and ecconomiczl
situation can change very quickly. The prices of base matevials can
rise as high, that the induciry cannot afford them or only in diminished
"quantities, Considering the statment of the Clut of Rome the situation
. . will certainly come, that some resoures will cease to exist. g

L

On the contrary the raw material for the cellulosics grows on any plzce
of our surrourding day by day and there will be always places wh2re no
other crops but trees can be grown. The planting of trees must be done
systematicaly so that a wood of high quality can be harwested for a
production of a pulp of uniform guality.

Cellulose is the most abundant naturally occuring polymer in the world,
i} It is comprosed of 1,4-D-glucsse units and is the chief structural

element and major constituent of the cell-walls of trees and other

higher planis. Wood and cotton zre the major sources of cellulose.

It is fount to a lesger degree in bast fibres, straws, grasses and

various agricultural reciduecc. Cellulese is the only rencu2ble raw

material for man-made fibres, It i¢ biodepgradable, in sharp contres

to synthetiss whicn are derived from nonrenewalle, non-biodegradable

petroleum raw ma’cerizls,
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Cellulosic fibres have a unique moisture absorbing characteristics
needed for comfort in textiles; :yntheiics have not developed to
this stage yet.

In the past, cotton represented a substantial portion of the world's
total fibre consumption. In recent years, however, this usage has
significanthy decreased. At present cotton represents less than 407

of the total fibre consum. Increasing pressure is brougit upon cotton-
growing land for planting food crops, whereas wood, as I said before, can
be grown on land unsuitable for other agricultural crops.

The polymeric polysaccharide fraction of wood accounts for approximately
65-707 and cellulose represents 40-45% . Lignine, an aromatic retwork
polymer, is present in wocd in amounts ranging from 25-307>.

Pulp yields vary depending on the degree of refining performed in cooking
and blecaching. The ultiuate objective is to produce chemical cellulose
with specific purity containing §0-98°%-cellulose polymer. Native
cellulose canrot be separated as is from wcod due to at least some
depolymerisation which takes place in pulping.

Molecular weight distribution in the final precduct is controled

during cooking and bleacking.

In the case of paper pulps, tliere are more lower DP components as evidenced
by the double peak. The more higher refined tire coréd pulp has a -~

single peak indicating more uniform and narrower DP distributicn,
characteristics which are required for rayon tire yarn manufacture.

Wood fibres usually range from 1-5 mm in length, depending upon wood
sources; those from hardwooZs are shorter than those from softwooads.

Wood fibres can be converted to longer fibres or filamenisf¢r instance

by the viscose or acetate process.

Rayon is suitad®le for a2 broz2d range of demanding applications, botn

in 100 ¢ construction or in comtination with other fibres. In the textile
area, cellulose acetate fibres are used primarily for apparal with an
appearance of apparent luxury. A major enc use for cellulose acetate
fibre is in cigarette filters.

"Conversion of cellulose to viscose rayon was first discovered by Cross,

Bevan and Beadle in 1892, While a lar_e number of refinements have taken

place in the process since its discovery the btasic §equcnce is 1llustrated

in Fig, 3 Pulp, in sheets or slury form, is siteeped in sofium hydroxide

of 18-197 concentration for a fixed length of tire, the licuer drained

‘the resulting alkali-cellulose is set free from the surplin of tye and shreddec

to permit uniform eccess af air during aging or controled depolymerization,

to reduce cellulcse chain length. Aged alkali cellulote is recacted with

carbonbisulfidec to form eellulose xanthogenzte which i subsequently

digsolved in dilute caustic to make viscose, Unreacted fibres, fibre gels

or particles which interfere with the spiuning are removed by filiruation,
- The solution is deaerated and held to rinen prior spinuning.

In spinning, vircose is extruded through spinnercttes with holes of

40-100 micron in diameter into a bath containing sulfuric acid sedium

sulfate and, frequently, zincsulfate or HgS8G, or both. While the viscose

process was origirally a bateh process, it hds been-streamlined and

manufacturing steps are being €onsoliduted so that a continous closed-loop

process 16 now emerging. For instance the SINI-Process invented by Sihtola,

, -4 -
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Depending on the spinning cenditions employed, rayon fi-sres with.

all skin, that is, highly oriented, or all core, with lower orieantation
can be obtained. Regular rayor fitre has a low degree of mclekular
orientation and there is evidence of a fitre with low skin to core ratio.

halY In spinning regular rayon, speeds of approximately 100m/min are used,
a regeneration of the cellulose is rapid, only one spinbath is employed,

performing both coagulation and regereraticn.

Chemical regulaticn of the rate of regeneration can te obtained by

utilising regeneraticn retardants in the viscose or in the first

bath. Organic modifiers such as amines, polyetkylene glycols :ad

inorganic salts such as zinksulfate are widely used Zor this purpose.

Formaldehyde can also te added to the viscose or to the spinbath. Crganic

modifiers delay regereratior by providing an alkaline reserve function.

Zink forms a cross link between neighboringz xanthate groups. Formaldehyde

acts in a dual manner: it reacis with the xanthate groups to form thnio-

methylene linkages and also thorgh glycosidic hydroxyl group to form

methylene cross-links which are much more stzcble than those formed

between two xanthate groups. Thiomethylene tonds are eventualy destroyed

during regencration wheras methylene cross-links teccme a2n enherent :)
N

part of the fitre structure and lead to strength improverent.

In all cases, chemical regeneration retardants germit the use of higher
stretch to te applied to the spinning tow while in 2 plastic gel state.
This applied strech represents a cormbination of jet and godet sirech.
The former case occurs as a consequence of the higher speed of the gedet
in relation to the jetting rate. Godet sirach occurs bhetween two godets.
The streth coupled with a slow rate of regeneration permits molecular
orientation which results .in development of strengih. Fiore strength
properties vary with orientation.

High wet modulus and polynosic rayon fibres are made from high purity
pulps at slower spiiningspeed and lower temperatures (30-40 C) in the batn.
Regeneration retardants and stretch levels-of 10G-300 ¢ are employed
during the wet spinring. The cazulative effect of these factors gives a
quality with high strength due to a high skin/core ratio formed during

the regeneration process resulting from crystaline zliguement.

High wet modulus fikres are usually prepared with an initial pulp DP
of 900-1000. A typical viscose solution used for spinning such fibres ;>
contains 8% Cell., 6% ¥a0Z and 34% CS.. A stained cross-sectional

micrograph of these fibres have a much higher skin/core ratio than

regular fitres. The fibres prepared under tiese conditicas have a

circular cross-scction in contrast to the crenulated surface of regular
rayon fibres.

In polynosic rayon productiorn, a high initial DP but somewhat lower
purity of pulp is generaly used than for H{WM rajyon. Viscose prepared in
this process has a high viscosity of 100-20C bfs. A typical polynosic
viscose containz 6% Cell., 3-49° NaOH and 40-55%% CS.. The excess of CS,
acts as a modifier, slowing down the rate of regenération and allowing
stretch levels as high as 300¢. Sometimes sm2ll amcunts of modifiers are
added to the viscose and about 0,19 zink is employed in the coagulation
bath. The recult is a strong fitre with relatively low elongation which
is essentially all skin.
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Fibre physical propertiez are shown in the figﬁgtress-strain curves

if~4 are significanthy different for each type of fitre, Increasing tenarity

e €enerally resulis in Tibres with lover elongation. The area under the
stress—strain curve represents fibre toughness. Highest strength properties
can be achieved with formaldehyde-cross-linking. This is due, in part,
to the exceptionzlly high stretch levels whkich can be arrlied to the
fibre during spinning, resulting in a highly oricnted, cross-linked fibre

with 2 hig

sh skin/core ratio.

Specialized raron car te formed by screen extrusion of hydroxyethy}
cellulossy (HEC) solution into a bath of high activity, HZC rroducticn is
comparable to viscose manufaciuring. The caustic soluticn of KIC is starcle
while viscose is not and the product Las a higher moisturc alffinity

than rayon. The rrocess for the formution of this fibre is similar to
viscose up to and including alkali celluloss formation. At this point,
ethylen-oxide is reacted with alkais cellulese which is a2;ed to the reguired
degree of polymerisation and ¥EC is dissolved in sodium hydroxide.

A typical solution contains 9% HEC and €< aCH. Fivres procuced by the

)ibﬁg screen  extrusion have adeguate physical properties and a cross-seciicnal
structure desirable for high water retentior. This fibre is . less cren

uwlatad

than regular rayon. Filaments produced by this marner may be converied
directly into ncnwover structure. They are free of sulfur, do rot rezuire
bleacking and have an exceilent whiter2s, Waste fibres can be reclaired
since they are staple and scluble in dilute alkali. One cf thz unigue
properties of these fibres is tpeir hizh moisture absortency. lever dried
HEC fibres retain 3507 water based on fibre veigzht,

Coming to
which has

an end I will introduce to you the fusirian fitre incustry,
at prescrnt two man-made fibres cnterprises: Chemiefaser Lenzing,

producing rayon and acrylic/staple is ore of the largest in Europa and

L

Erste Osterreichische Glanzstofi producing rayon filament and tyre cord

is one of the oldest in Euroge,

,”

Austria has always taken an activa part in the development af man-mzda
fitres and in txtile research. The austrizn engieer Urban started the
austrian rayor industry in 1504 with the foundation of <he
1.0sterreichiscre Glanzsteff in St.Pglten,

Under the leadzrship of Mr.Urban and Mr.Fremery at first onperoxide-

ammonia-process wa installed and zllready 1911 the young company cwiihed
its entire capacity to the new viscose process, 19 years after Cross and
Bevan found the posibility to disolve cellulose in cembination of Alkali

and CS2.

In the thirties Cremiefaser Lenzing was foundet. Its capacitly now is
approximately 150 tons of staple fidro daily. Beiag the only ccncern of itrs k&
in Austria it ic odbligel to nroduce all the tipes required by the markzt

in all marketable staple, lengths ana standards. A part of the outnut is
produced as spun dyed fibtre which is gaining st1ll increasing inportanae

in the production progranms., Two thirds of the orcduction are for export

and one third for the hone markot. RBearing in mind that the domostic

textile industry also exports yarn and finisncd textiles of stapla fibre,

the total

export reach atout 857 of the whols outrput,

It is notworthy that the Lenzing works produce no lezc than 3,57 ot

the world

output 1n staple fidre and that Austria ran™s nineth amony the

producing countries of the worid.

To resume
irdutries
justified

T think that in spite of the difficulties of the last years the
of man-mnde fibres with its past achievements should still fee!
in loocking forward to the challenge of the future with confidunace,

L
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Crystafime Amorphous

Fringed Miceilae Fringed Fibrillar
Suuctore " Structure

" Abb. 1: Schematische Darstellung verschiedener Theo-
rien von Faserstrukturen
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