Linen: old as the hills, modern
as the hour

In part one of this two-part
article, Fred Sloan describes
some of the properties of this
fibre, and how it is prepared

introduction

The motto of the Riley motor car company
is perhaps more applicable te linen than
any other fabric. Linen has an extremely
long history, with evidence that the flax
plant Linum usitatissiurm was cultivated
and converted into cloth in Egypt before
10 000 BC. But over that time, and
particularly in recent years, the linen
industry has seen great changes: in flax
cultivation and processing and in spin-
ning, weaving, bleaching and finishing.

Like cotton, linen has suffered from
severe restrictions in research and
development effort since the 1950s,
following the subsequent rapid expansion
of the synthetic fibre industry. Interest in
natural fibres in this period was mostly
restricted to blending them with synthatics
and it was not until the early 1980s that
fashion-led movement towards an
unstructured casual look brought natural
fibres back into the spotlight.

With the emphasis on reiaxed clothing
and the integrity of the fabric, linen’s
propensity to crease was no longer an
issue. This trend affected men as well as
women, for example, men's suits which
creased became a status symbol in Italy,
however it never progressed elsewhere.
However, since the 1980s decreasing
birth rates in the western world and Japan
have led to dramatic decreases in the
numbers of women in the 18-25 age
group, which was the group which
favoured the casual fashion trend.

The current contraction in demand for
linen is undoubtedly due to failure to find a
process that would improve its resistance
to creasing without adversely affecting its
ability to stand up to general wear. So
what type of process would be required,
and how close are we to developing it?

Morphology of the flax
plant

The fibres of linen are derived from the
outer regions (the vascular system) of the
flax plant. (The term flax is generally used
to describe the plant and the fibres ex-
tracted from it, while linen is used to
describe these fibres when worked into
yarn and/or fabric.)

Flax fibres have a very high elastic
modulus but, paradoxically, a low ex-
tensibility. This is because the flexibility is
derived from the nodes or bending points.
In severe bending, flexure of the libre
occurs almost solely at the nodes which,
when viewed under a microscope with
polarised light, are clearly visible as joints
along the fibre axis with associated
fissures in the cell wall. It is this structure
that makes linen a unique fibre, with the
fissures responsible for its very high rate
of moisture absorption and desorption
and the resulting cool touch.

Although the nodes bring flexibility to
the fibre, they are also points of weak-
ness. Repeated flexure at these points
results in fibrillation and fracture, account-
ing for linen’s relatively poor resistance to
abrasion. The main constituents of the
flax fibre are cellulose and hemicellulose
(Table 1).

Fibre behaviour

The late Will Ewing postulated that the
abrasion of ultimate fibres under severe
bending is the same as would be ob-
tained by bending and flexing tubes of a
highly oriented polymer characterised by
high axial strength, low extensibility along
the direction of orientation and refatively
low transverse strength. It is these
characteristics that make the production
of crease-resistant linen so difficult.

The behaviour of flax fibres in strong
(15-18%) caustic soda allowed Ewing to
make the following observations about
their structure:
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Table 1 Composition of a flax fibre

Component Amount (%)
Cellulose 71
Hemicellulose 20

Lignin 2

Pectin 2

Waste 1.5
Miscellaneous® 35

a Pigments, nitrogenous compounds,
water soluble compounds

* Flax fibres swell and shrink in pro-
portion to the strength of the caustic
soda (maximum of 30% in 15% caustic
soda)

*  While immersed in the caustic soda the
shrunk fibres exhibit rubber-like be-
haviour (high extensibility up to its
original length and complete elastic
recovery)

+ When the caustic soda is removed the
fibre becomes set at the length at
which it is held, and its extensibility is
only slightly greater than that of the
original fibre.

The accessible regions of flax are
assumed to contain a substantial degree
of order and to have strong hydrogen
bonds, due to the close proximity of
hydrogen and oxygen atecms in adjacent
cellulose chains (Figure 1). The exten-
sibility of the flax fibre could only be
increased by reducing the amount of
hydrogen bonding, for example, by
introducing chemicals that could attach to
the oxygen atoms while the cellulose is in
a swollen state. Mclecules of such chemi-
cals should be sufficiently large to cause
steric hindrance, separating oxygen
atoms in adjacent chains.

Fibre extraction and
spinning
The finest flax originally came from the

Courtrai district of Belgium. Here, the flax
was pulled by hand, tied into bundles and




Figure 1 Linen structure: hydrogen bonding
between adjacent cellulose chains

retted in the river Lye. Once sufficient
retting had occurred the straw was spread
on the fields to dry.

In other flax growing areas, such as
France, Holland, Germany and Ireland,
the retting took place in dames or
trenches {which were identifiable thanks
to the evil smell of butyric acid). An
alternative technique, practised mainly in
Northern France and Russia, involved
spreading the flax on a field and allowing
moisture and bacteria from the soil to
effect the retting. This ‘dew’ retting
resulted in a darker coloured flax.

The retted straw was then submitted 1o
a scutching process whereby rollers and
beaters broke up the woody core, first
towards the top and then towards the root
of the plant. As the fibre emerged from the
machine it was dressed by hand over
hackies or pins which removed any remain-
ing wood and short fibres adhering to it.
Handfuls of flax (called tipples) were made
up into bundles which were distributed to
the spinner to be further refined by combing
(called hackling), then worked up into a
yarn by drawing and doubling and wet
spinning.

Flax for dry spinning consists of fibre
bundies, or ultimates, bound together.
This places a limitation on the size of yarn
that can be spun (the finest is about 20s
lea count). As well as using a cheaper
coarser flax, combings from the hackling
machine can be used in a dry-spun yam,
which is referred to as tow yamn.

Hand pulling has now given way to
mechanical pulling. Since inclement
weather could ‘lodge’ the flax, making it
impossible to harvest by machine, strains
of flax have been produced which stand up

better to weather. However, these strains
do not appear to be so robust in terms of
abrasion resistance of the ultimate fibre
and the flax is coarser. The introduction of
such strains was the death knell of very fine
yams (120-140s lea) and gave rise to rove
boiling and/or bleaching, which allow the
spinner to convert this coarse flax into a
relatively fine spun yam. The average fine
count that can be spun by this route is
about 80s lea.

During roving the flax is drawn and
doubled many times to form a thin ribbon
with twist. This is wound ento perforated
cones, beiled with alkali and/or bleached,
usually with peroxide. Although there are
advantages in bleaching with sodium
chlorite, corrosion of stainless steel plant
can be a problem.

Preparation and
bleaching

The general change to boiled and/or
bleached rove undoubtedly made life
easier for the bleacher. The old system of
lime boiling followed by acid chemic
{sodium hypochlorite at pH 5) then alkaline
scald and alkaline bleaching (sodium
hypochlorite at pH 10) is ro longer
practised. The boiling was normally done in
kiers in rope form, apart from linen drills and
suitings, which were processed at open
width in a Jackson kier, a forerunner of the
automatic jig. Such linen drills, which were
a feature of the South American market
and at one time a speciality of the Northern
Ireland linen trade, have virtually
disappeared, while linen suitings based on
plain weave, another Northern Irish
speciality, are also in decline.

The lime boil was replaced by the
alkaline boil, for example, 15 g/ sodium
carbonate plus 2 g/l caustic soda. This
was carried out along with an acid
process to remove the ‘sprit’ {the woody
remnants). The sequence was alkaline boil,
acid chemic (sodium hypochlorite at pH 5},
alkaline boil, then alkaline chemic (sodium
hypochlorite at pH 10).

A peroxide bleach following the
hypochlorite treatment has been found to
give a better and more stable white.
Sodium chiorite has replaced the acid
chemic and is equally effective in removing
sprit. A typical medern sequence for fabric
made from dew-retted flax is shown in
Table 2.

An alternative to treatment with 4%
sodium chlorite is to cold pad-batch with

Tabfe 2 Modern sequence for bleaching fabric
made from dew-retted flax

Stage Procedure

1 Singe and desize

2 Boil under pressure (100-110°C) for
4 h with 15 g/l sodium carbonate, 2 g/l
caustic soda and a suitable kier
assistant included to facilitate
dispersing and detergent action

3 Neutralisation with hydrochloric acid,
usually around 0.1 m strength
4 Treatment with 4% o.w.f. sodium

chlorite for 1-2 h at 60°C, pH 4-5
{adjusted with formic acid)

5 After washing a further boil in soda
ash (20 g/l sedium carbonate) for 4 h

6 Peroxide bleaching wet-on-wet:
Peroxide 3% o.w.f.
Sodium silicate 2%
Sequestering agent 0.5 g/l

3h

Time
Temperature 80°C

sodium chlorite. This has the advantage
that evolution of chlorine dioxide is elimi-
nated. The impregnation can be done on
the alkaline side (pH 7.5), using para-
formaldehyde. A typical formulation would
be 100 g/l sodium chiorite, 3 g/l sodium
carbonate and 5 g/t paraformaldehyde.

Attempts have been made at low-
energy bleaching on grey (loomstate)
fabric. The best sequence, providing a
reflectance value of about 87%, is to
bieach with sodium chlorite as in Table 2,
wash-off and dry, then pad-batch cold:
80 g/l hydrogen peroxide (35%), 30 g/t
caustic soda, 10 g/l sodium silicate and
5 g/l Cottoblanc or similar detergent.

When the fabric is constructed from
bleached yamn (either because bleached
rove was used or the yarn was bleached)
the sequence can be simplified, with only
singeing and desizing, scour washing and
drying preceding the sodium chiorite
bleaching.

Mercerising of linen is also carried out,
often on a jumbo jig along with preparation
and bleaching. Linen is mercerised not to
increase lustre (as cotton is), but to streng-
then the nodes. This increases abrasion
resistance by around 30%.

Dr F R W Sloan is at Lintrend
Developments (Ni) Limited, 3 inver
Road, Larne BT40 3BP, Northern
Ireland.

Fart 2 follows next month.
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