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Although it is one of the earliest of man-made fibres,
viscose rayon remains of great interest, This is because it
is made from a renewable resource, and because the
fibre-making process is so adaptable. Novel types have
been made, and cantinue to be made, to meet the
changing demands of the textile market. Recent
developments include the new class of high-strength
viscose fibres with tenacities of 25 to 28 cN/tex, the
super-inflated cellulosic 81 fibre which has a very high
absorbency without containing any additives, the hollow
circular cross-section fibre Viloft for blending with cotton
or polyester, and a new generation of enhanced-dyeing
fitrres.

THE IDEA OF MAN-MADE FIBRES

A fibre has been defined as something whose length is
great compared with its width. For example, a typical cot-
ton fibre of 1.7 dtex is about 38 mm long and has a diameter
of about 0.01 mm, so its length:diameter ratio is about
4000:1. Nowadays the shopper is confronted with a bewil-
dering range of fibre types as well as a mass of confusing
trade names.

Before the development of man-made fibres at the end of
the nineteenth century many natural fibres were available,
and these were of three types: animal, vegetable and min-
eral. The most widely used animal fibres are sheep’s wool,
and, for those who can afford it, silk. The most familiar
vegetable fibre is cotton, onceimportedinto Britain fromits
colonies. The home-produced vegetabile fibres are the bast
fibres from plant stems, such as linen from flax, and jute.
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Even today the textile industry processes its man-made
fibres on equipment named after the natural fibres for
which the machinery was originaily developed.

The idea of man-made fibres is generally credited to
Robert Hooke, of Hooke's Law fame, who in 1665 proposed
the remarkable suggestion that one day ‘there might be a
way found out to make an artificial glutinous composition
much resembling that substance out of which the silk-
worm draws his clew . .. and drawing it out into small wires
for use’.

It was not until more than two centuries later that anyone
succeeded in putting Hooke's idea into practice, but in the
last hundred years, after a slow start, the man-made-fibres
industry has developed so that we now have availableto us
a whole new range of products.

Man-made fibres can be divided into classes, and the
major division is between those made from a naturally
occurring polymer, and those made from synthesised
polymers, i.e. made up from their component parts by
polymerisation in the laboratory or the factory. The most
commonly used natural polymer is cellulose, readily avail-
able from wood, but others include casein (from milk),
alginate (from seaweed) and rubber. Cellulose forms the
basis of the three types of rayon: cuprammonium, viscose
and acetate. The synthetic-polymer fibres include the
nylons, polyesters, acrylics and polyolefins. One way of
characterising a polymer is by the average number of
repeated monomer units. For cotton this degree of
polymerisation is 5000 to 10000, for the rayons 250 to 750,
and for the nylons and polyesters 100 to 250 units per
polymer molecule.

Until about 1960 most of the 3.5 million tonnes per
annum of man-made fibres produced were from cellulose.
Since then the production of synthetic fibres has increased
rapidly, and was about 12 million tonnes in 1980. Neverthe-
less the production of cellulosic fibres has held fairly
steady, and was 3.3 million tonnes in 1980. Despite all the
progress in the man-made-fibres industry the amount of
cotton produced was still greater than all the synthetic
fibres put together.

Viscose rayon is chemically identical with cotton, and the
cellulose from which the viscose is made is a renewable
resource. The time taken to grow trees is about sevento ten
years. The time taken to compost the fibres back down to
carbon dioxide and water is about three months. By con-
trast it can take up to 250 years to rot down a synthetic-
polymer fibre, and the oil from which the raw materials are
obtained takes about 100 million years to form.

FIBRE-MAKING PROCESSES
The polymer, whether obtained from natural sources or by
synthesis, then has to be formed into fibres. There are three
basic fibre-making systems. In each one the polymer is
converted into a fluid form and pumped through a cluster of
very fine holes in a spinneret. The three methods are melt
spinning, dry spinning and wet spinning. Melt spinning is
the simplest in principle because the polymer is made fluid
by melting, and it resolidifies in the form of fibres on cool-
ing. This is the system used for nylon and polyester.

in dry spinning the polymer is first dissolved in a solvent.
The solution is extruded through the spinneret and the
solvent is allowed to evaporate so as to form the fibres.
Acetate rayon is an example of a dry-spun fibre. In wet
spinning the polymer is extruded into a bath of chemicals,




which either remove the solvent from the polymer, or react
with the polymer to form the fibres. Viscose rayon is made
by a wet-reaction route. In dry and wet spinning the original
polymer is sometimes chemically converted into a deriva-
tive before extrusion, and this derivative is sometimes con-
verted back again afterwards.

Typical production speeds for the different types of
tibre-making process reflect the complexity of the opera-
tions being carried out. For meit spinning, speeds of 4000
m/min are used, whereas in dry spinning (where a solvent
has to be removed) speeds are in the range 200 to 800
m/min. For the wet-spinning processes, which can involve
a chemical reaction, the speeds are generally less than 100
m/min.

FIBRES FROM CELLULOSE

The first man-made fibres were made from the readily
available natural polymer cellulese. Cellulose itself does
not dissclve in any of the common solvents; so to make a
solution of polymer for extruding into fibres it is first neces-
sary to convert the cellulose to some compound that can be
dissolved. Several celiulose derivatives have been tried.
The cellulose molecule is a polymer made up of glucose
units, and the cellulose in wood pulp has ane or two
thousand glucose units in each polymer chain. The glucose
unit is a six-membered ring of five carbon atoms and one
oxygen atom. Two of the carbon atoms have hydroxyl
groups and one carbon atom has a hydroxymethyl group
(Figure 1). itis here that reactions can be made to take place,
so as to give soluble substituted forms of cellulose.

CH,OH

CH,OH

Figure 1 — One unit of a cellulose molecule

The first successful attempt followed Robert Hooke's
advice literally and imitated the silk worm by using mul-
berry twigs, although it was soon realised that there were
other sources of cellulose. The cellulose was reacted with
nitric acid to give cellulose nitrate, which can be dissolved
in a mixture of ether and alcohol. The first man-made fibres
were produced by this method in 1855, but since the fibres
were highly flammable, and explosive, the product was not
taken-up for general textile applications. In 1885 Chardonet
used the same method of dissolving the polymer, but
removed the nitrate groups afterwards to give fibres of
cellulose. These were called Chardonet silk.

The first commercially successful man-made fibre was
cuprammonium rayon in 1831. This is made by treating the
cellulose with cuprammeonium solution, made from copper
salts and ammonia. The process is still in use, although
output is small compared with the other two successful
fibres based on cellulose: viscose rayon and acetate rayon.

Acetate rayon is made by acetylating cellulose and dis-
solving the cellulose triacetate in methylene chloride. If
some of the acetate groups are removed, by partial hyd-
rolysis, a product called secondary acetate or cellulose
diacetate is formed, and this can be dissolved in the
cheaper solvent acetone. Fibres were first made by the
acetate process in 1921. Unlike the other types of rayon,
which are chemically identical to cotton and so can be dyed
with the same dyes, it was necessary to develop special
dyes for acetate.

The acetate rayon process can be summarised:

. Prepare a derivative of cellulose (cellulose triacetate or
diacetate)

Dissolve this to form the spinning dope

Extrude

Evaporate the solvent to form the fibres

Coilect the fibres as cellulose acetate.

—_
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VISCOSE RAYON PRODUCTION

The third main type of fibre based on cellulose, viscose

rayon, first appeared in 1892. The production process uses

different chemicals and also differs fundamentally from the

acetate process because it includes a chemical reaction

stage:

1. Prepare a derivative of cellulose (cellulose xanthate)

2. Dissolve this to form a spinning dope

3. Extrude

4. Chemically convert the cellulose xanthate back to cellul-
ose in the spinning bath

5. Collect the fibres as cellulose.

It is the chemical reaction in step 4 that enables the process

to be varied to produce so many different types of viscose

rayon.

The different stages of the viscose process are, in outline,
as follows. Wood pulp is steeped in strong caustic soda
solution {18%) to form a produict called alkali cellulose. The
shredded alkali cellulose, which contains about 30% cellul-
ose, is then stored for a period depending on the type of
fibre to be made. During this maturing process, called
‘mercerising’, the chain length of the cellulose is gradually
reduced. The aged alkali cellulose is then reacted with car-
bon disulphide (30 to 35% on weight of cellulose) ta form
sodium cellulose xanthate. This orange solid will dissolve
in caustic soda solution to form a viscous spinning dope,
called viscose, which contains about 9% cellulose and 6%
soda. After a further period of ‘ageing’, during which
changes in the reaction positions of xanthate groups take
place, the viscose dope is extruded into a bath to regener-
ate the cellulose. The spinning bath for standard viscose
usually contains sulphuric acid {10%), zinc sulphate {0.8%)
and sodium sulphate (24%). The sodium ceilulose xanthate
is converted to zinc cellulose xanthate, to cellulose xanthic
acid and finally to cellulose {Figure 2).

Steeping
Cell - OH + NaOH — Cell - O~ Na*

alkali cellulose

Xanthation
Cell - O"Na* + CS, - Cell - O - CS5,"Na*

cellulose xanthate

Regeneration to Cellulose

Cell — O — CS,"Na* — (Cell - O — CS,7}, Zn?*
- Cell- O - CS_H
- Cell — OH

Figure 2 — Steps in the manufacture of viscose rayon

Although, as we have seen, several early man-made
fibres have been based on cellulose, viscose rayon is the
one to have succeeded in the greatest volume. It is one of
the most versatile of all man-made fibres, available in
counts from 1 to 44 dtex, lengths from 0.5 to 152 mm,
tenacities from 16 to 44 cN/tex, initial wet moduli from 30 to
250 and water imbibitions from 70 to 350%. Viscose rayon
can be chemically crimped, spun dyed, made deep dyeing
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or flame retardant, and given a cross-section from circular
to hollow or multi-limbed. It is this versatility that has
allowed viscose staple to be made in forms suitable for
blending with so many different fibre types, both natural
and synthetic, and to be used on such a wide variety of
spinning and non-woven systems.

Viscose rayon was first produced in Britain by the Cour-
tauld family, whose business was silk weaving. One of its
best selling lines was black crépe for wearing at funerals
and in mourning. As customs changed this market
declined, and very courageously the Courtauld company
took the first steps into the man-made-fibres business. In
1905 viscose rayon was first spun at its factory in Coventry.

VISCOSE FIBRES FOR DIFFERENT END USES

Over the years viscose rayon has moved with the times to
meet the changing demands of the textile market. Origi-
nally the product was intended to be an artificial silk made
in continuous filament form, and with a bright lustre, like
silk itself. There was recently a renewal of interest in this
type of fibre, for disco clothes. Changes in fashion led to a
requirement for fibre cut to short lengths, called staple
fibre, for blending with cotton or with wool. The staple fibre
was also made dull, or matt, by incorporating a finely
divided solid material into the spinning dope. There is stilla
large demand for this standard viscose rayon staple.

As well as standard viscose, improved-strength viscose
staples are made. These were developed mainly for indus-
trial uses. The extra strength is obtained by stretching the
fibres more during spinning (about 75%, compared with
55% for standard viscose). This extra stretch increases the
alignment of the crystalline parts of the cellulose so that it
becames stronger, but at the same time less extensible. To
enable the fibres to take extra stretch the chemicals in the
spinning bath are altered, generally by raising the zinc
sulphate concentration, to about 2%, so as to slow down
the rate of regeneration from cellulose xanthate to cellul-
ose.

At the top of the improved-strength viscose range are the
high-strength viscoses, in the range 25 to 28 cN/tex tenac-
ity. This recent development is designed to make fibres
giving first-class processing performance and strong
yarns. The fibres are being marketed under various trade
names including Durafil and Floccal HT. These types of
viscose fibres are particularly suitable for blending with
polyester, because the load-extension curves are com-
plementary.

Another special type of viscose fibre is crimped viscose.
Crimp gives a fibre greater fullness of handle, more bulkin
processing, and higher cohesion. Some types of synthetic
fibres are crimped mechanically in a separate stage follow-
ing fibre production. Viscose fibres, however, can be chem-
ically crimped as they are being made. This is done by
choosing regeneration conditions that give filaments with
asymmetrical cross-sections, such as less acid in the spin-
ning bath and a higher bath temperature. The asymmetry
causes the filaments to bend into continuous helical curves
and the result is a crimped fibre. Sarille is one of the trade
names for crimped viscose and this has been so successful
in polyester biends that majority viscose blends (65%
crimped viscose/35% polyester) are now being made
available.

The next stage in the development of viscose rayon was
designed to improve the wet stability, in order to give better
finishing and laundering performance. A class of fibres
called polynosics was defined in terms that included a low
wet extension, a low extension after soda treatment, a high
knot strength and a high degree of polymerisation.
Polynosic fibres have dry and wet load—extension curves
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that are closer to those of cotton than are other viscose
types. Polynosics, therefore, give good yarn strengths in
blends with cotton, but are less suitable for blending with
polyester.

To some extent polynosic fibres have been replaced by
higher elongation, high wet modulus viscose fibres, called
modal fibres. The initial wet modulus {IWM) is a measure of
the slope of the fibre's wet load extension curve at 2%
extension (or 5%, whichever is specified). It is expressed in
cN/tex at 100% extension. The modal fibres have an WM
lower than that for the polynosics, but which is higher than
for other viscose types. They are made by a variety of
processes, but commonly use a high zinc sulphate content
in the spinning bath, and additives (usually amines) called
modifiers in the spinning dope. Both these features lead to
a slower rate of regeneration, so the fibres can take a high
level of stretch during the production operation. Modal
fibres are still produced by many viscose manufacturers,
but some, such as Courtaulds, have discontinued them and
instead recommend the latest types of improved strength
viscose for polyester blends.

These classes of viscose fibres, regular staple,
improved-strength viscose, modal and polynosic fibres,
form a series in which the modulus of the fibres increases.
The crystallinity, which can be measured by X-ray diffrac-
tion, also increases. Natural cellulose, such as cotton, con-
tains about two-thirds of crystalline material and one third
amorphous. The crystalline regions are where the molecu-
lar chains come together to form ordered groups, and an
individual molecule may pass through many crystailine
regions and amorphous regions. The crystal structure cor-
responding to the X-ray pattern from natural cellulose is
called cellulose I

When cotton is mercerised the caustic soda solution con-
verts the crystalline cellulose to cellulose Il, which has a
different X-ray pattern. Forms of regenerated cellulose,
such as viscose rayon, generally have less crystalline mat-
erial than natural cellulose, and the crystal structure is cel-
lulose Il. The amounts of crystalline material are about 40%
for standard viscose, 50% for moda! fibres and 65% for
polynosics, compared with 70% for cotton.

As crystallinity increases so the water imbibition of the
fibres is reduced. The accessibility to water affects the dye-
ing, and in general the lower crystallinity viscose fibres dye
deeper than those with higher crystallinity. Standard vis-
cose can therefore be dyed at lower temperatures than are
used for cotton, and less salt is needed to bring about
exhaustion, whereas the polynosic fibres dye less readily
and are closer to cotton in their dyeing performance.

INFLATED VISCOSES

The next market requirement that the viscose technologists
began to tackle was improved aesthetics. Viscose fibres,
especially in blends with polyester, gave yarns which were
lean, had poor cover, and had a harsh handie compared
with cotton. The research teams followed two main lines of
development. These were (a) the crimped modal fibres,
such as the Prima range, Avril I, and crimped Vincel, and (b)
the inflated fibres, such as the hollow cross-section fibre
Viloft.

The inspiration for the inflated viscoses had been the
hollow cross-section of cotton. Hollow viscose is made by
incorporating sodium carbonate in the spinning dope.
When this is extruded into the acidic spinning bath the
carbon dioxide formed inflates the fibre, but very careful
control of inflation conditions is needed in order to get a
stable process and a reproducible product.

The hollow structure of the fibre gives it a unigue combi-
nation of properties: high torsional rigidity leading to an




attractive handle, high bulk leading to good cover, high
water imbibition giving extra absorbency and comfort, and
low effective density giving good insulation. The excellent
absorbency and comfort properties of the hollow viscose
fibre are also conferred on the Viloft/polyester or Viloft/cot-
ton blend fabrics. This has led to success first in underwear
and sportswear and then in knitted leisurewear, dresswear
and towelling. In roller towels, for example, the Viloft/
polyester warp gives greater strength compared with the
traditional 100% cotton towels, and yet the absorbency is
even better.

Viloft, the circular hollow cross-section viscose fibre, is
only one of the inflated-viscose class. By a careful control of
the degree of inflation a series of fibres can be made, of
increasing absorbing power. If the inflation is increased a
little beyond that of Viloft, the cross-section collapses to
form aflat fibre, called PM2. The shape of the fibres causes
them to bond to each otherand form a paper-like fabric that
holds its shape when moist, but which can be broken up for
disposal in flowing water. Increasing the degree of inflation
further gives a fibre that has a thin-walled, collapsed sec-
tion, which is very flat. This PM1 fibre has very good self-
bonding properties and was developed for high-quality
printing paper, such as that required for bank notes.

At the end of the inflation series is Sl fibre. Here the fibre
is so highly infiated that the section collapses to form a
mutti-lobed cross-section with a very high absorbency.
Whereas standard viscose has a water imbibition of about
95% and Viloft has one of 130%, Si fibre can be made with
values from 190 to 350%. Sl fibre is primarily intended for
use in nan-woven products, especially in the medical field,
where its chemical purity distinguishes it from other high-
absarbency fibres.

DYE-VARIANT VISCOSE

This brief survey of the way different classes of viscose
fibres have been developed to meet the changing needs of
the market place has shown the range of products that can
be made by altering the physical structure of the fibres. Yet
they are all chemically identical with the cellulose in cotton.
However, since the route from tree to fibre passes th rough
a stage when the cellulose, in the form of the xanthate, is in
solution, it is also possible to add other ingredients to the

solution that will remain intimately mixed with the cellul-
ose after regeneration.

These additives can include matting agents, coloured
pigments, flameproofing agents and dye-enhancing pro-
ducts. The ability of the viscose process to withstand heavy
loadings of such additives is demonstrated by the example
of X-ray-opaque viscose. This was developed so that
surgeon’s swabs, which had been accidentally left inside a
patient, would show up on an X-ray photograph. The fibres
were made up of 60% barium sulphate and only 36% cellul-
ose. One of the subjects of current research is the develop-
ment of new types of viscose fibres to take up dyes faster.
This is achieved by incorporating additives with reactive
groups into the spinning dope, for which the dyes have an
affinity. Thus, an additive containing amine groups
enhances the dyeing of viscose by reactive dyes, and also
allows the use of direct dyes under acid conditions. An
example of such an additive is aminoethyl cellulose. These
dye-enhancing additives have already found applications.
Yarns made from deep-dyeing viscose are woven in pat-
terns with standard viscose yarns. When the fabric is dyed
the two types of fibre give patterns of light and dark colour.
By incorporating a synthetic yarn into the weave and dye-
ing this with the appropriate dyes a second colour can be
added to the light and dark pattern. The same method of
dye enhancing can also be employed to produce a viscose
for wool blends, so that the two components dye uniformly.

Another area where enhanced dyeing of viscose is of
benefit is in the dyeing of polyester/viscose blends. Since
polyesters are normally dyed with disperse dyes under
acidic conditions, and cellulosic fibres with reactive dyes
under alkaline conditions, polyester/viscose blends were
originally dyed using a two-bath system. Single-bath two-
stage processes have been developed, but these require
special dyes. If viscose could be made to dye under acid
conditions this would enable single-bath single-stage dye-
ing. There would be savings in chemicals, services and
labour, and the savings would be even greater if the viscose
with the additive could be made to dye with direct or acid
dyes.

Itis the versatility of the viscose process that allows this
cantinuing development of new types of viscose fibre, and
$0 enables viscose rayon to hold its position in the man-
made-fibres market. The manufacturers are confident that
the long-term future for viscose is good.
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