Leather dyeing
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In addition to the process differences between the creation of

leather and textiles, the dyeing requirements of the two substrates
are somewhat dissimilar. Colin Senior and Derek Thorpe look at
the dyes that can be used, and the methods employed.

The processes involved in the production
of leather are significantly different from
those used in making textiles, and in
order to understand the dyeing it is
necessary to have an idea of the earlier
processing stages.

Because leather begins its life, in a
sense, as an ‘end product’ (i.e. the skin of
an animal, reptile or even a fish), each
piece of skin is an entity in its own right,
and is processed as such, albeit as part of
a much larger batch, Each skin varies in
size and also varies in properties across
itself in both directions, and cannot be
blended.

To illustrate the problem, consider the
case of textiles where, no matter what the
quantity, one has a reasonably
homogeneous lot that will all dye the
same shade, even in several batches,
providing the dyeing conditions are
repeated. Compare this with the situation
of a dyer in a tannery, who has a dye lot
{known as a pack), frequently measured
in square feet or metres (because that is
how it is sold), and which has often
reached him in a wet state, so that the dry
weight on which to base dyestuff
requirement calculations may not be
accurately known. To add to the problem,
each skin is an individual and could dye
slightly differently to its neighbour but,
more importantly, probably will dye with
some variation across itself, both from
belly to butt (backbone) and from neck to
tail. Bovine skins can be up to 50 square
feet in area, whilst at the other extrermne
lambskins could be as small as 2 square
feet.

Processing

Converting hides and skins into the
finished product we call leather is a long,
involved and often malodorous series of
treatments, analogous to the scouring,
desizing and bleaching treatments used
on textile materials. Animal skins have
been used as clothing, for example, since
humans first climbed down from the
trees, but they have the defect that,

without any preservative treatment, they
putrefy quite quickly. Thorough drying
prevents this, but makes the skins hard
and brittle, so they crack and break. In
order to convert skin into leather it must
be cleansed of all loose organic matter,
permanently preserved (tanned) and
then given sufficient lubrication (viled or
fat liquored) to prevent it being as hard as
a board and cracking when dried.

41 Environmental consider-
ations are influencing
tanning operations, //

Raw hides or skins may be temporarily
preserved by salting, chilling or spraying
with a bactericide, but the first tanning
operation proper is a soak or wash,
followed by liming to begin the hair
removal process, in an operation
traditionally using sodium sulphide, or
sodium hydrogensulphide, but
alternatives are now available. The hair
may then be completely removed in the
physical fleshing operation. Thick hides
may be split into two or occasionally
three layers at this point.

The next process is known, perhaps
unsurprisingly, as deliming, and removes
any remaining calcium salts which would
affect subsequent operations in exactly
the same way as they would in textile
processing. An operation called bating
follows (effectively, a desizing process),
using pancreatic enzymes to degrade any
remaining protein, fatty cells and so on.

Tanning

Tanning proper may then commence, the
object being to replace the proteinaceous
and other non-collagen material already
removed with a stable filler, analogous to
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size in textiles, but permanent in nature,
to give lasting properties of handle, heat
stability and the like to the leather.
Tanning materials may be vegetable
extracts, metal salts such as chromium{m)
or aluminium, organic compounds which
are often based on phenclic sulphonates,
or low molecular weight resins.

Each type of tannage confers different
physical, chemical and dyeing properties
to the resultant leather which is often,
indeed usually, retanned at some stage
after the main tannage in order to impart
specific properties of handle or stability
on the finished product.

A tannage with chromium salts alone
results in a highly cationic material with a
very high affinity for all anionic dyes,
whereas leather tanned with vegetable
extracts alone is quite anionic and hence
has a marked affinity for basic dyes. The
organic tanning materials produce a
leather with little ionic charge and hence
poor affinity for most dye types, one
exception being basic dyes, which exhibit
very high affinity.

Environmental considerations are
influencing tanning operations and,
although chromium(in) is not the
problem that chromium(vi) is,
nevertheless the industry is looking at the
use of alternative metals. Aluminium,
titanium, magnesium and zirconium,
either individually or as mixtures, are
being promoted as alternatives to
chromium for the tanning of leather.
Aluminium, in particular, gives a tannage
of good light fastness, but poor wash
fastness. It might, of course, be argued
that the alternatives would create similar
problems to the ones they are trying to
solve.

Dyeing

After tanning, the leather may be dried,
or go straight into the dyeing operation. If
it is to be dried, then a fat liquor would be
applied beforehand in order to prevent
the leather from going hard. Fat liguors
are essential in leather production, as
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they prevent the leather from becoming
like hardboard when dried. Essentially,
they are solutions or emulsions of oils or
fats, produced from a wide range of
natural or synthetic hydrocarbons,
anionic, cationic and non-ionic.
Traditionally made from fish oils, they are
now more likely to be synthetically
derived, for example synthetic esters, in
the same manner as softeners and
lubricants for the textile industry.

Leather is traditionally dyed in drums,
except for wool skins, which are dyed in
paddles. Older machinery is of wooden
construction but, increasingly, dyeing
drums are being made of stainless steel
and split into three sections with liquor
circulation and temperature control.
Traditional drums have no external
heating, and rely on the initial charge
with hot water, and maintain a
temperature of between 40 and 60°C by a
combination of sheer volume and friction
of the moving mass.

# A wide range of dye
classes and types can be
applied satisfactorily to
leather. 77

Very low floats (liquor-to-goods ratios)
are common; indeed, it is not unusual for
the leather to be dyed dry - that is, with
no added liquor except that remaining
from the last operation, which might be
70 to 100% of the weight of the goods.
The dye is actually added without prior
dissolution and dissclves in the
supernatant liquor as the drum is run at
50 to 60°C. It is, however, more usual to
predissolve the dyestuff and then dye in
a float of 100 to 300% (i.e. 1:1 to 3:1).

As noted earlier, a wide range of dye
classes and types can be applied
satisfactorily to leather, and it is not
uncommon to find acid levelling, milling
and 1:1 metal-complex dyes being used in
the same recipe, and quite evenly at
temperatures as low as 50°C with formic
acid for fixation. Direct, basic, reactive
and solubilised sulphur dyes are also
widely used throughout the industry.

There are, of course, wide variations in
fastness from such a diverse range of
dyestuffs, with the reactive dyes, as might
be expected, giving high fastness levels.
The selection of dyes for any given shade
depends not just on the fastness, or level-
dyeing properties, but also on such

factors as the penetration required of
what may be quite a thick substrate. For
some end uses no penetration is required,
whilst for others it is essential for the
colour to penetrate the substance of the
leather completely so that scratch or scuff
marks are less noticeable.

Within the acid dye range, those with a
small molecular size give the best
penetration, but usually have poor wet
fastness, whilst direct dyes in general do
not penetrate, but give very high surface
coloration. Solubilised sulphur dyes have
found a particular niche, because they
give good penetration but, unlike acid
dyes, have good wet fastness in general,
and especially in the black and brown
shades that dominate the leather market.

Solubilised sulphur dyes possess good
fastness to the mild washing treatments
likely to be used on leather goods, good
fastness overall to perspiration and to dry
cleaning. In addition to the well
documented wet-fastness properties, ona
more technical level, they also exhibit
good resistance to migration into soling
materials such as polyurethane and
plasticised PVC.

Leather is often spray-finished or roller-
coated. This may include dyes or
pigments in addition to polymeric
materials and, although the leather will
usually be dyed beforehand, the shade is
not as critical as when it has only been
dyed.

In the area of surface coating of leather,
the increasing use of water-based systems
in place of solvent-based ones involves
the use of small additions of less volatile
organic solvents in some formulations.
This has caused problems with dye
migration into top lacquer films on
ageing, and solubilised sulphur dyes
appear to be more resistant than other
dye classes in this respect.

Fastness levels are quite different from
textile substrates, as many tannages,
especially vegetable based, may not
possess much fasiness to light, and some
requirements may be quite unusual. An
example is fogging on upholstery for cars
(this requires that the fat liquors will not
sublime); auxiliaries selected to achieve
this requirement may adversely affect the
light- or wet-fastness properties of the
dyestuffs used, whilst auxiliaries or
finishes selected to improve wet-fastness
may degrade the light or crock fastness of
the dyed leather.

Wool skins may be dyed to reserve the
wool, or to dye a solid shade, but the
processing has to be quite gentle to avoid
felting the wool, which has to be dyed
fast, but still within the normal leather
processing parameters to avoid damage,
especially shrinkage of the leather. Dye
selection is critical in fulfilling the fastness
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requirements without cross-staining
between two protein fibres. Wool reserve
is probably most easily achieved with
direct dyes, selected solubilised sulphur,
reactive and metal-complex dyes, using
low dyeing temperatures of 30°C. Raising
the temperature will promote coloration
of the leather.
Woolskins are also divided into two
sub-groups:
* Double face, where the wool and skin
are used for their individual properties
* Long wool and wool property
products, such as floor coverings,
garment trimmings and car seat
covers.

41 Dye selection is critical in
fulfilling the fastness re-
quirements. 7/

Each sub-group utilises different classes
of dyestuffs relative to the properties
required but, in general terms, acid
levelling, milling or 1:2 metal-complex
dyes would be used for the wool, whilst
almost the whole spectrum of dye classes
including acid, basic, reactive and
solubilised sulphur dyes might be used
on the leather, In addition, oxidation
bases would be used in tipping wool
skins, to create special effects.

Leather has a wide area of applications,
including gloving, beltings, laces, shoe
uppers, upholstery, garments and
patches on trims on textile garments such
as denims and sweaters. The detailed
dyeing methods and fastness
requirements are many, varied and
beyond the scope of this article to discuss
in detail. One aspect is, however, certain,
that the industry will continue to face
increasing pressure in both environ-
mental and fastness requirements.
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