Environmental considerations for
textile printing products

Norbert Grund

With environmental considerations playing an ever greater role in
industry, and legislation in the area increasing, textile processors
have to look carefully at the environmental impact of the products
they use. Norbert Grund looks some ways in which textile printers
can reduce their effect on the environment.

Environmental considerations play an
increasingly important role in textile
processing. For exhaust air and waste
water, there are numerous criteria that
must be observed. For textiles, limits on
particular substances have been and are
being laid down either by law or as a result
of the demands of clothing manufacturers.

One of the most complex areas in textile
processing is textile printing. Here,
virtually all dye classes are used and, in
addition, a large number of different
auxiliaries from different classes of
chemical preducts. In some printing
processes such as reactive printing, many
of the products used end up in the waste
water, but as a rule only small quantities
are emitted with the exhaust air. Of all the
substances that go on to the fabric during
printing, only the dyes ultimately remain
there. In pigment printing, on the other
hand, which does not involve a washing-
off step, print-paste residues only enter the
waste water when the printing machines
and drums are washed. However, volatile
substances in the thickeners can
sometimes result in the emission of
considerable quantities of organic
compounds during drying and curing,
Since all the auxiliaries and pigments
remain on the fabric, environmental and
toxicological evaluation of the products
used for pigment-printed textiles is
particularly important.

The aim of this article is, on the basis of
selected examples from the reactive
printing and pigment printing sectors, to
draw up environmental and toxicological
evaluation criteria, describe the current
state of the art, and indicate real and
potential sclutions to problems.

The waste-water problem in reactive
printing

Animportant topic in reactive printing is
the contamination of waste-water by
unfixed dyes. Whereas in dyeing a degree

of fixation of over 90% can be achieved,
the reactive dyes used in printing often
have a degree of fixation of only 60%. This
means that up to 40% of the applied
reactive dye enters the waste-water during
washing-off alone. Not included in this
figure are the additional amounts of dye
introduced into the waste-water by the
washing of screens, printing blankets and
drums.

What possibilities are there for solving the
waste-water problem?

One possibility is efficient waste-water
purification. However, it is not yet feasible
to observe consistently the strict Hmit
values on waste-water discoloration that
are already in force in some countries.

Another possibility is to develop dyes
with a significantly higher degree of
fixation. However, it is proving to be
extremely difficult to achieve
simultaneously both a high degree of
fixation and the low substantivity required
to prevent staining of the white ground
during washing-off.

An interesting approach to the problem
is to use an auxiliary. By applying Lutexal
4561 (BASF), a new synthetic thickening
agent, the degree of fixation can be
increased and dye can be saved, thus
significantly reducing contamination of
the effluent. For example, a blue dye, for
which the dye application rate was 60 g/
kg, gave 67% fixation when a typical
commercial alginate was used as thickener.
With Lutexal 4561 as thickener, the same
depth of shade was achieved with only 50
g/kg of dye instead of 60 grkg. This
corresponds to a dye saving of 17%.
Furthermore, the degree of fixation was
75% instead of 67%, an increase of 12%.
The amount of dye entering the waste
water is therefore reduced by 37% from
19.8 g/kg to 12.5 g/kg when Lutexal 4561 is
used. Although the problem of waste-
water discoloration in reactive printing is

not entirely solved in this way, it is at least
considerably reduced.

General environmental evaluation of
pigments and pigment printing
auxiliaries

Apart from transfer printing, pigment
printing is the only printing process for
which no washing-off step is necessary.
Nevertheless, print-paste residues from
this process, especially from washing
down the printing machines and drums,
also end up in the waste water When the
prints are dried, and to a lesser extent
when they are cured, volatile substances
are released with the exhaust air. Thus
both exhaust air and waste water need to
be considered in an environmental
evaluation of pigments and pigment
printing auxiliaries.

For BASF’s Helizarin range of pigments,
the levels of heavy metals and organic
halogen (AOX) (a parameter that until
now has only been relevant to waste water
in Germany) have been used as
environmental evaluation criteria. The
term “ecologically advanced’ can be
applied to those pigments that are heavy
metal-free or contain environmentally
harmless metal oxides such as iron oxide
or titanium dioxide, and that do not
contain any organic halogen. Not all
Helizarin pigments can be placed in this
category. In some, a copper complex like
copper phthalocyanine or an organic
halogen is an indispensable part of the
molecule.

As far as pigment printing auxiliaries are
concerned, products that have only a
minimal contaminating effect on waste
water and exhaust air are termed
‘ecologically advanced’.

Low waste-water contamination means
that the products must be readily
eliminable and non-toxic to aquatic life,
and must contain neither heavy metals
nor organic halogens. Low exhaust-air
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contarmination means that volatile
compenents are either absent, or present
in only small amounts.

Although not all BASF pigment printing
auxiliaries can be classified in this category,
there is nevertheless a system of selected
auxiliaries that meet both requirements.
This system consists of binders, selected
additives and the completely new Lutexal
E a granular synthetic thickener that
contains no hydrocarbons and therefore
does not contaminate the waste water
with mineral oil or the exhaust air with
emissions of volatile substances.

Reduction of waste-water contamination

in pigment printing

There are basically two ways to reduce

waste-water contamination in pigment

printing. One is to use products with a

lower contaminating effect; the other is to

ensure that less print paste enters the
waste water. Reduction of AOX by
selecting suitable pigments, exclusion of
thickeners containing hydrocarbons and
using atkylphenol ethoxylate (APEO)-free
emulsifiers, additives and thickeners all
have a lower contaminating effect. The
amount of print paste entering the waste
water can be reduced by surface printing
instead of print penetration, and avoiding
print paste remnants.

Selection of suitable pigments can often
bring about a considerable reduction in
the amount of organic halogen in the
waste water. The highest organic halogen
content is exhibited by green pigments
based on chlorinated copper
phthalocyanine; Helizarin Green BT
Conc,, for example, contains 20.5% organic
halogen. With an alternative blend of the
same shade, which could be produced if
demand existed, it would be possible to
reduce the organic halogen content by
about 80% down to 4%.

Waste-water contamination by
hydrocarbons can largely be avoided if
hydrocarbon-free Lutexal P is used instead
of traditional hydrocarbon-based
thickening preparations. It should also be
mentioned that the emulsifiers and
emulsifier-containing additives and
thickeners supplied by BASF for textile
printing are free from fish-toxic APEOs.

On the subject of reducing the amount
of print paste entering the waste water,
there are two more factors that must be
considered.

1. A number of thickening agents have a
tendency to strong print penetration, so
that part of the paste goes on to the
printing blanket instead of on to the
fabric, and hence enters the waste
water when the printing blanket is
washed. Selection of a suitable recipe
and the use of Lutexal E which strongly
promotes surface printing, both ensure

that the amount of print paste going on
to the printing blanket is reduced.

2. Large amounts of surplus print paste
still end up in the waste water or on
waste-disposal sites. This problem can
be considerably reduced by means of
an automatic colour kitchen and by
selecting pigments in such a way that
left over pastes can be used for
reformulation.

Reduction of emissions in pigment
printing

At first sight, emissions do not seem to be a
problem in pigment printing, because in
Great Britain and most other Western
European countries, and in contrast to
other regions, so-called ‘solvent-free’
pigment printing now predominates.
However, ‘solvent-free’ merely means that
white spirit is no longer added to the print
pastes as a thickener. It does not mean they
are free of hydrocarbons. In fact, the
thickener generally introduces quite
considerable amounts of hydrocarbons
into the print paste, which then end up in
the waste water and exhaust air.

In recent years, the exhaust air preblem
has become increasingly important.
Printing plants that are in or near
residential areas are frequently the object
of complaints from local residents about
odour. The question is, how can this
problem be solved? One possibility is to
incinerate the exhaust air, but this is very
expensive. Another possible method is to
scrub it. Scrubbing is very efficient with
water-soluble volatile compounds such as
methanol, but not in the case of pigment
printing, where the emissions consist
almost entirely of hydrocarbons. The best
and simplest method is avoidance - in
other words, to use from the start only
products that are virtually emission-free.

Comparison of two pigment printing
recipes shows that by simply exchanging
Lutexal HEF for hydrocarbon-free,
granulated Lutexal P itis possible to
reduce the content of volatile organic
compounds in the print paste from 9.8 g/
kg to approx. 0.8 gkg, or by more than
90%. This has a very big influence on the
quantities of these compounds in the
exhaust air, as the emission calculation
based on an example from production
given in Figure 1 shows.

Lutexal P is now being used by a
number of British and German printers,
who value not only the environmental
advantages but also the superior
application properties such as sharper
print definition, better levelness, greater
brilliance and more pronounced surface
printing.

Environmental aspects of product
handling and processing

Another environmental and toxicological
aspect of the production process concerns
the handling and processing of products
in the workplace.

Printing-shop workers may come into
contact with the products they use,
through inhalation or skin contact, atany
stage of handling and processing -
removal from containers, weighing out
products, preparing stock pastes and print
pastes, the printing operation itself,
cleaning printing machinery, and
manipulating dried or fixed printed
fabrics. The products must therefore be
guaranteed not to pose any toxicological
risks. To make sure of this, companies like
BASF years ago began to work intensively
on eliminating harmful substances from
their products. For example, the residual
monomer content of polymer products
has been reduced (as a rule, all polymers

Recipe 2:

1. Calculation of the consumption of print paste

Production rate: 2 400 m/h
Fabric width: 1.50m
Print paste add-on: 100 g/m?

—» Consumption of print paste:

2. Calculation of the mass flow rate (g/h}

—» Mass flow rate of volatile organic compounds:
Recipe 1: 360 kg/h < 9.8 g/kg
Recipe 2: 360 kg/h x 0.8 g/kg

3. Calculation of the mass per unit volume (mg/m3)
Exhaust-air capacity of the drier:

— Concentration of organic compounds:
Recipe 1: 3528 C00 mg/h: 10000 m¥h =
288 000 mg/h: 10000 m¥h =

360 kg/h

-  3528¢gh
= 288gh

10 000 m%h

353 mg/m?
29 mg/m®

Figure 1 Pigment printing, calculation of emissions — an exarnple
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contain residual monomers) to such a
degree that the levels to which workers are
now exposed during handling fall well
short of the German MAK values. To
reduce residual monomer levels further is
an ongoing task for research and
production departments.

The same is true of the free
formaldehyde content of binders,
crosslinking agents and compounds. BASF
also ensures that no toxic solvents or
substances with a skin-irritating or
sensitising effect are sold.

For many, this is self-evident. But there
are manufacturers whose products often
still contain high levels of residual
monomers or formaldehyde, and that
there are printers who, for cost reasons,
still use liquid thickeners based on
strongly-smelling solvents containing
aromatics instead of on more expensive
aromatic-free hydrocarbons.

Envirenmental aspects of pigment-
printed fabrics

Thus far, only environmental parameters
connected with the production process
have been considered. Another important
aspect is the properties of the printed
goods themselves. Marks & Spencer laid
down limits for formaldehyde on textiles
many years ago, and in doing so tock on a
role as environmental trailblazer.

Recently, there has been increasing
consumer demand for textiles that are
environmentally and toxicologically safe.
Headlines in the popular press such as
‘chemicals in the wardrobe’ show how
sensitive the public has become.

The increasing trend toward
environmentally friendly textiles is
reflected in the large number of
environmental criteria adopted by well-
known textile firms and in the numerous
eco trademarks and labels. A few examples
of these eco trademarks and labels are
shown in Figure 2.

As far as eco labels are concerned, there
are basically only two parameters that are
important in pigment printing: the heavy
metal content and, as already mentioned,
the formaldehyde content. In the case of
heavy metals, a fundamental distinction
needs to be made between heavy metal
complexes and heavy metal impurities.

Heavy metals in complexes, such as the
copper in copper phthalocyanine
pigments, are inert. On the other hand,
the ionic copper contained as an impurity
in this type of metal~complex pigment can
be released from the fabric, particularly by
perspiration, and go on to the skin.
Although the criterion ‘heavy metals on
the fabric’ has not yet had a big impact
internationally, a number of German
clothing manufacturers are already
orienting themselves to the limit values
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Figure 2 Eco label logos for textiles

that must be observed to be authorised the
use of eco labels for marketing textiles. In
the case of the Oko-Tex 100 label, the limit
values for copper lie in the range 5-25
ppm, depending on the fabric application.
The use of Helizarin pigments allows
these levels to be observed, whereas with
coloristically comparable products from
non-traditional manufacturers the
measured values may far exceed the
specified fimits.

An issue that in recent years has figured
prominently not only in finishing but also
in pigment printing is that of
formaldehyde. Although there has not yet
been any clear evidence that it causes
cancer in humans, demands for lower
formaldehyde values or the total absence
of formaldehyde are becoming more and
more strident.

Some countries have already laid down
limits; in others, clothing manufacturers
are ingisting ~ for example in order to be
Issued with an eco label - that specific
values be adhered to. Taking the eco label
Oko-Tex 100 as an example, a brief
overview is given in Table 1 of the
formaldehyde values as measured by
the Law 112 method that are required for
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various fabric groups. The values lie in a
range that extends from below 300 ppm
for furnishings, for example, to below
20 ppm for bed linen and baby textiles.

Apart from the eco labels, to our
knowledge formaldehyde limits exist in
the countries shown in Table 2.

In Germany, a limit value of 1500 ppm
by the De Jong test is laid down by law.
However, hardly any textiles exhibit such
high formaldehyde values. In practice,
eco label limits as measured by the Law
112 test are usually adopted and are
specified by some clothing
manufacturers. Finland and Denmark
have legal requirements based on Law
112 that are defined according to specific
fabric groups. Although most other
European countries have not laid down
any legal limits, they are increasingly
allowing themselves to be guided by the
standards of the clothing manufacturers,
most of whom specify Law 112 limits.
Japan is also orienting itself to the Law
112 test. In Great Britain, Marks &
Spencer has specifications based on
AATCC 112 (Shirley IT) and Shirley I,
while in USA AATCC 112 is the most
important test method.




The origin of formaldehyde in pigment printed
textiles

Formaldehyde in pigment-printed textiles
stems both from the pigment print itself
and, generally to a lesser extent, from the
fabric. For this reason alone, there is no
such thing as an absolutely formaldehyde-
free pigment print — only one that is
virtually formaldehyde-free,

Pigment printing involves the use of
binders and fixing agents as cross-linking
components, the cross-linking principle
generally being the reaction of methylol
groups. The main source of formaldehyde
in a finished pigment print is first and
foremost the fixing agent, usually a
melamine-formaldehyde condensation
product. The binders, which contain self-
crosslinking methylol groups, are
generally responsible for much smaller
amounts of formaldehyde. The levels

Table 1 Parameters in Oko-Tex that can be
influenced in pigment printing by the
composition of the print paste

Limit

Heavy-metal impurities
Copper 5-25 mg/kg
Formaldehyde (Law 112)
Furnishings, net curtains 300 ppm
Table linen 300 ppm
Clothing without contact

to skin 300 ppm
Upholstery fabrics 75 ppm
Skin-contact clothing 75 ppm
Bed linen 20 ppm
Textiles for babies

and infants 20 ppm

Table 2 Formaldehyde limits

measured on the fabric can therefore vary
greatly, according to the binder and
crosslinker used, the textile material, the
curing conditions, and not least the test
method. Crucial for obtaining a pigment
print with as little formaldehyde as
possible is the correct dosage of a low-
formaldehyde fixing agent such as
Helizarin Fixing Agent LE In this
connection, it should be noted that the
amount of free formaldehyde in a binder
or fixing agent allows no conclusions
whatever to be made about how much
formaldehyde remains on the fabric.

What formaldehyde values in pigment
printing can be considered realistic? Given
that pigment-printed textiles should
exhibit an acceptable standard of wet-rub
and wash fastness, the application of a
binder with self-crosslinking groups is
indispensable.

Helizarin Binder ET is a binder with self-
crosslinking groups that has one of the
lowest formaldehyde contents on the
market. Furthermore, it yields a very high
standard of fastness. Using simplified
recipe 1 on our cotton test fabric, we
obtained a Law 112 value of 35 ppm under
the specified conditions, which can be
reduced to below 20 ppm by adding 10 g/
kg of urea as a formaldehyde scavenger
The AATCC 112 values were 80 ppm
without urea and 35 ppm with urea. The
Shirley 1 value was 25 ppm without urea,
but increased to 40 ppm when urea was
added. To achieve a very high standard of
wet fastness, the two recipes 1 and 2 are
not always sufficient, but may require the
addition of a fixing agent. Application of
4 g/kg of low-formaldehyde Helizarin
Fixing Agent LF (recipe 3) results in values
(without addition of urea) of 53 ppm by
the Law 112 method, 510 ppm by AATCC

Country/ Limit
Method region (ppm)
De Jong Germany 1500 (legal limit)
Law 112 Germany 20-300 according to fabric
(eco label)
Finland, 30-300 according to fabric
Denmark (legal limit)
A number of Dependent on clothing
European manufacturer
countries
Japan 15-1000 according
to tabric
AATCC 112 Great Britain 300 (M & S)
USA Dependent on clothing
manufacturer
(Levi Strauss: 500)
Shirley 1 Great Britain 500 (M & S)

10 JSDC VorumE 111 JaNuarY/FEBRUARY 1995

112, and 180 ppm by Shirley I. Adding

10 g/kg of urea (recipe 4) considerably
reduces the formaldehyde level as
measured by Law 112 and AATCC 112

(to < 20 ppm and 280 ppm respectively),
but the Shirley I value is increased to 480
ppm. Even taking into account the fact
that the values can vary from fabric to
fabric, the examples nevertheless show
that it is basically possible with low-
formaldehyde Helizarin Fixing Agent LF
to achieve formaldehyde values below the
maximum perrnissible limits of 20 ppm
(Law 112), 300 ppm (AATCC 112) and

500 ppm (Shirley I). This of course takes for
granted that an appropriate recipe and
optimum curing conditions are used.

In order to meet the frequently
expressed demand for a pigment printing
method that combines even lower
formaldehyde values with good to very
good fastness ratings, work is currently
being carried out on the development of
new formaldehyde-free reactive
crosslinking systems.

Since it is certain that the toxicology of
any products developed will not have
been so thoroughly investigated as that of
formaldehyde, responsible manufacturers
will have to carry out very comprehensive
and systematic studies before introducing
the products on to the market, in order to
protect processors and consumers from
possible health risks.

The following examples show that even
nature does not carry on its activities
formaldehyde-free. Apples, for example,
centain 17-22 ppm. By comparison, the
upper limit for baby textiles is 20 ppm.
Tomatoes contain 6-7 ppm and wood
4-18 ppm. Even human blood contains
2-3 ppm of formaldehyde.

The selected examples given in this
article on the subjects of exhaust air, waste
water, product handling and printed
fabrics indicate the sort of solutions BASF
is currently offering its customers with
regard to ‘ecologically advanced’ products
for the textile printing sector.
Environmental soundness and good
application properties are not mutually
exclusive, and a number of BASF’s
products are both environmentally and
technically advanced. BASF is also
working intensively on the development
of new products for textile printing, and as
such is very aware of its responsibility to
both processors and consumers.

Dr Norbert Grund works for BASF
Textil- und Lederchemie, Ludwig-
shafen, Germany.




