Linen: old as the hills, modern
as the hour

In the second part of this
two-part article, Fred Sloan
describes the finishing of
linen and examines the
future for the fibre

Finishing

Linen’s propensity to crease is the main
technical factor that inhibits its greater
and wider use in clothing. If this problem
could be overcome, its popularity would
increase and the industry would enjoy a
greater segment of the market.

The first real attempt 10 address the
problem was made by the Tootal Broad-
hurst Lee Co. in the period after the
Second World War. They discovered that
the formation of an aminoplast resin,
produced in situ from mono- and di-
methylol ureas, could greatly increase
the crease resistance or, more accu-
rately, the crease recovery of a celiulose
fabric. However, in the case of linen, it
was not possible to achieve crease
recovery without a loss in elasticity (seen
as a loss in resistance to abrasion). A
post-mercerising treatment was neces-
sary to reduce the resulting severe
embrittlement.

While it is clear that treatment with
caustic soda of mercerising strength will
not improve the extensibility appreciably,
it does strengthen the node areas and so
increases the abrasion resistance. Thus
all treatments carried out to improve
crease recovery should be done on
mercerised linen. There is a great variety
of chemical reactants available teday, all
possessing various degrees of reactivity
and stability to hydrolysing conditions. All
of these react with the hydroxyl groups of
cellulose to form a covalent ether linkage
under the influence of hydrogen ions and
heat.

The original patents by Tootal Broad-
hurst Lee Co. were based on the idea

that a three-dimensional resin structure
was formed through a condensation
reaction with dimethylol urea (DIMU).
Although others considered that cellu-
lose cross-linking was more likely to be
the underlying process, there is still
evidence that resin formation plays a
significant role, as indicated by the
structure of DIMU with its many reactive
groups, which may form a three-
dimensional resin by elimination of water.

Linen has a high response to amino-
plast resins formed in situ from basic
monomers or dimers, and also to
chemical reactants that are at least
bifunctional. The problem is the related
loss in resistance to abrasion.

So far, only marginal improvements in
crease resistance have been made. In
contrast, the other drawback to linen,
that it is difficult to iron, has been
overcome, and wet crease recovery
values of around 136—140 are possible
without greatly sacrificing other pro-
perties of the fibre.

Practical
considerations

Monomethylol urea has also been found
to increase the recovery of linen from
deformation, albeit to a lower level of
recovery compared with DIMU. For
example, with 15% solids add-on, it will
result in a 40% increase in recovery,
compared with polymerised DIMU's
71%. Borax applied in a concentration of
15% solids add-on will aiso produce an
effect of this same size. There is
therefore some evidence that recovery
from deformation in cotton or linen is
mainly through the deposition of a three-
dimensional resin in situ. Exclusion of
methylene ethers from the released
formaldehyde cannot be ruled out when
linen or cotton is treated in this way, but
post-mercerising treatment of linen
would rupture any cellulose-ether bonds.

Consideration of such factors as
change of colour after mercerising, the
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requirement for low levels of free and
released formaldehyde, easy care (i.e.
high wet crease recovery) and cost have
combined to replace aminoplasts with
chemical reactants that are at least
bifunctional.

The phase separation of such diverse
chemical products as hydrogen ion
donors and resin precursors can cause
probiems of embrittlement at the drying
surface. This is particularly significant
with linen because of its unique fibre
structure. The result is a Soxhlet type of
extraction of the activator to the drying
surface (the crowns of the yarn). One
solution to this problem was the
introduction of a water-soluble polyester
with a high acid number. The polyester
takes part in the reaction and the
ionisation of the carboxyl groups is
indectermeric, eliminating the need to
wash-off and producing an improved
balance of properties. However, the
trade-off between improvement in
wrinkle recovery and loss of abrasion
remains unsatisfactory.

Various studies were carried out in
this area at the Linen Industry Research
Association (LIRA). It was particularly
important to develop a method of
measuring the abrasion resistance of
linen that relates to actual wear. A
modified version of the Martindale
abrasion test was introduced by
Archibald and Hill to accommodate the
wide variation in flax fibre types. Table 1
shows typical effects of mercerisation on
the crease resistance and abrasion of a
dress linen. These relative measure-
ments can be used to calculate a per-
formance index (ratioc between increase
in crease resistance and decrease in
abrasion). For meaningful performance
this should be greater than unity.

Table 2 shows the relationship be-
tween crease resistance and abrasion
for a 197 g/m? dress linen fabric, and
Figure 1 the effect of finishing such a
fabric with dimethyloldihydroxyethylene
urea and polyester activator.




Table 1 Typical result from mercerised dress linen with 16.5
threads per cm warp and 14.2 threads per ¢cm weft, treated with
4% solids add-on dimethylolethylene urea

Crease resistance Abrasion (rub cycles,

(total angle)

modified Martindale)

Before treatment 137
After treatment 210
Increase/decrease +73

Performance index

812
260
-552

0.78 (53.3/68.0)

Table 2 Relationship between crease resistance and
abrasion for a 197 g/m? dress linen fabric finished with
dimethyloldihydroxyethylene urea and polyester activator

(20 g/)?

Change in crease Increasein Decrease in  Solids
resistance (%) angle (%} abrasion (%) (% o.w.t)
12 17.6 6.7 2.0

22 38.4 31.0 4.0

32 47.0 46.3 5.0

42 61.8 57.8 5.5

52 76.0 65.6 6.0

a Uncreasing angle 67° {(average warp and weft), abrasion
resistance 900 (modified Martindale), warp 16.5 threads per

cm, weft 14.2 threads per cm
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Figure 1 Relatiocnship between crease resistance and abrasion for a 197 g/m? dress linen fabric
finished with dimethyloldihydroxyethylene urea and polyester activator {20 g/l)

Selection of the appropriate methylol
cyclic amide is dependent on the con-
ditions of cure and the level of stability
required. Generally those that require
strong acid conditions for curing are
mare stable to subsequent hydrolysis
and provide lower levels of formaldehyde
release.

Various mechanisms have heen pro-
posed for the hydrolysis of the amido-
methyl ethers of cellulose. The more
electropositive the groups surrounding
the nitrogen, the more easily the C~N
bond is ruptured under acid conditions.
The electron-attracting groups present

during alkaline treatment cause a
decreased electron density at the amido
nitrogen, making the C-N bond sus-
ceptible, so that rupture proceeds more
quickly under alkaline conditions. Con-
siderations such as this support the claim
that it is deposition of a cross-linked
aminoplast that is mainty responsible for
the recovery from deformation.

Linen requires mild conditions for
curing, so dimethyiol cyclic ethylene urea
will give a better balance of properties
than a polyfunctional reactant such as
glyoxal, which requires very vigorous
conditions. In my own experience, the

best compromise is to use a mixture of
dimethyloldihydroxyethylene urea with
dimethylolethylene urea in the ratio of
3:1, with a solids add-on of about 4-5%.

The way ahead

The search will continue to find better
ways of extracting the fibre from the plant
other than the retting process. A move
towards spraying the plant at the appro-
priate time with desiccating agents and
bacteria to produce a retted straw
standing or a straw that will rett when
pulled will be driven largely by market
forces, while self-retting flax is a target
for bioengineers.

Wet spinning is unlikely to be elimin-
ated for fine yams in the immediate future.
Yet there is evidence that a suitable
chemical treatment of the fibre would
make it possible to use the static and
dynamic fibre—fibre and pin—fibre forces of
friction to break down the fibre bundies.
Progress in this area could eliminate wet
spinning within the next decade.

The need to boil and or bleach the rove
to achieve fine counts is likety to continue
for the foreseeable future, given the rela-
tive coarse flax now being produced.

Suitable chemical treatment of the
fibre during wet spinning to increase its
elasticity and or strengthen the nodes is
a real possibility; in my opinion the latter
is the best hope. Such treatment could
aiso be applied to the fabric and is the
subject of current research at Lintrend.

A solution to the creasing problem
must be found if linen is to maintain a
foothold in the apparel industry. Work
done by LIRA and others over the years
has allowed us to formulate the problem,
and this goes a long way to finding a
solution. If the industry is to survive, the
short-termism and reduction criteria
which have prevailed over the last de-
cade must be abandoned and replaced
by new ideas, research and technical
innovation. In local terms it seems likely
that now that LIRA has been closed, the
centre of research activity will move to
France and/or Italy, which is calculated
not to be in the long-term interests of the
Northern Ireland linen industry.

Or F R W Sloan is at Lintrend
Developments (NI) Limited, 3 Inver
Road, Larne BT40 3BP, Northern
Ireland.
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