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All textile printers are now becoming very aware of the increasing pressure being placed upon them
by environmental legislation. The present paper highlights these areas and discusses them in broad
terms. The replacement or reduction of urea in printing is a current problem and recent work in this

area is discussed.

SOURCE REDUCTION OF CHEMICALS IN
TEXTILE PRINTING

This is a wide-ranging subject that is now becoming of
increasing importance. All printers are aware of the greater
pressure being placed on them by both national and local
government legislation on the environment. This legisla-
tion is aimed at reducing emission from flues and control-
ling and monitoring the discharge of effluents.

In the past the textile printer essentially took the view
that any addition of a chemical, e.g. urea to assist in
producing a smoother and more level print, should be
made; how that might subsequently affect the effluent
was a secondary matter. This attitude is now changing,
and textile printers and the dyestuff suppliers are ac-
tively examining chemical, dyestuff and machinery ap-
proaches to the problem of reducing chemicals at their
source. In the case of printing this essentially means
radically reassessing current print recipes and process
methods.

Figure 1 highlights the major issues now facing the
printer (the list is by no means complete). For a fuller
review of the area the excellent papers by Smith should
be consulted [1]. These issues are grouped under four
general headings below.

Hard-to-treat chemicals

Hard-to-treat wastes include coloured residues, phos-
phate-containing chemicals, nitrogen-containing chemi-
cals, non-biodegradable organic materials such as certain
surfactants and solvents. These products resist effluent
treatment and can pass through conventional activated
sludge systems and cause subsequent environmental
problems. Figure 1 highlights three problem areas for the
textile printer. Two of the highlighted areas, i.e.
alkylphenyl ethylene oxide-based surfactants (which have
limited ultimate biodegradability) and ‘white spirit’ (sol-
vent) can be replaced with more environmentally accept-
able products. However, the urea in the print pastes,
which has long been the printer's answer, whether cor-
rectly or not, to many printing problems, isa more serious
concern. The reduction and possible elimination of urea
will be discussed in detail later.
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Figure 1 Source reduction of chemicals in textile printing

Highly dispersible waste

In this area the waste that most affects the textile printer
is the print thickener system itself. Although not nor-
mally giving rise to environmental problems, it does put
a heavy loading on the effluent, leading to high CODy
BOD levels. The major effort by the printer to eliminate
or reduce this problem has been to avoid making up too
much coloured paste by the increasing use of automated
colour kitchen apparatus and careful monitoring of ac-
tual textile printing machine requirements. Sophisticated
systems to recover or recycle thickeners from effluents
which are being examined widely in textile sizing appli-
cations have not been attempted by the textile printer
[2,3].

Offensive/toxic/hazardous effluent

This group is essentially similar to the hard-to-treat waste,
but as the potential impact on the environment can be
catastrophic, this area is subject to stringent legislation



(e.g. EEC List 1 substances). In textile printing there
should be no reason to use substances in this group.

High-volume wastes
In the textile printing process the most common areas in
which high-volume wastes are produced include wash
water from the preparation department, waste water
from washing-off prints, etc. Although putting high de-
mands on water consumption, the washing-off of textile
prints after fixation does not produce a heavy biological
oxygen demand (BOD). The major demand comes from
preparation (particularly desizing and scouring).

Table 1 summarises the pollution loads in a typical
cotton dyeing and printing plant [4,5].

Table 1 Pollution loads in cotton finishing processes [4,5]

Water consumption BOD Poliution load

Process (% of total) {% of total) (% of total)
Desizing 5 22 >50
Scouring 1 54 10-25
Bleaching 46 5 3
Mercerising 2 <4
Dyeing 8 5 10-20
Printing 7 6 10-20
Washing-off 30 1 5
Finishing 1 7 15

UREA REDUCTION IN TEXTILE
PRINTING WITH REACTIVE DYES

Urea reduction (or elimination) is now one of the major

discussion areas with reactive dye printers in Western

Europe, the USA and Japan. Since the introduction of

reactive dyes for printing in 1957 (Procion P (ICI) dyes)

urea has been a universal addition to all reactive print

pastes. The specific action of urea is extremely complex

and has been the subject of extensive research over the

years [6-13]. Among the many roles that urea plays the

following have been identified:

(a) Swells the cellulose fibres

(b) Causes dyes to disaggregate

(¢) Increases the solubility of dyes

(d) Retards the evaporation of water during drying

(e) Increases the condensation of water on the print
during steaming,.

It is difficult to be specific as to which of these is the
most important, and it is more likely that a number of
simultaneous reactions are taking place. Baumgarte [7]
and Herlinger et al. [12] have probably discussed the
subject in most detail. While the actual mechanism is not
of importance to the textile printer, the benefits that urea
bringstoareactive dye printcertainly are. The three most
important aspects perceived by textile printers for using
urea are:

(2) Increased solubility of the reactive dye in the print
paste

(b) Improved colour yield
(c) Improved levelness and smoothness of the printed
area, particularly with viscose fabrics.

Given all these benetfits, it will be extremely difficult to
find a replacement at an economic cost.

Possible approaches to urea replacement

There are three approaches currently being examined to

eliminate or replace urea in cellulose printing:

(a) Switch to two-phase printing (flash age printing)

(b) Complete of partial substitution of urea with an altet-
native chemical

(¢) Mechanical application of moisture prior to the sub-
strate entering the steamer.

Some of the approaches are very much in the experi-
mental stages whilst others, e.g. flash age printing, have
been operating for many years; all three approaches are
discussed below.

Flash age fixation

This process involves printing reactive dyes, normally of
the more highly reactive types, from a print paste con-
taining no alkali or urea. The printed and dried material
is then overpadded either with high concentrations of
caustic soda and electrolytes or with a caustic soda/
sodium silicate-based recipe.

The various methods and machinery variations of
flash age printing have been reported in detail by Feess
(14]. The advantages and the disadvantages have been
discussed in detail many times over the years. For exam-
ple, Blank has discussed the energy-saving aspects in
particular [15], whilst Eisenlohr in a more recent paper
has highlighted certain disadvantages [16]. Eisenlohr
has, for instance, pointed out that the effluent problem
may well not be solved, as the flash age process substi-
tutes high salt (or sodium silicate) content and high pH
liquors for the nitrogen content [16,17].

Chemical substitution

This would be the ideal method, whereby a simple sub-
stitution of a more environmentally acceptable chemical
could be made. However, work to date by the major dye/
auxiliary manufacturers has highlighted the well known
reaction mechanism of a reactive dye,i.e.itcanreact with
hydroxyl groups. As the majority of auxiliary chemicals
contain such groupings it has been difficult to find a
conventional substitute, and to date no simple chemical
has appeared on the market.

As part of an ongoing research programme, ICI Col-
ours has been extensively investigating urea replace-
ments. This has led to a re-examination on the amount of
urea aclually required. For example, 100% cotton is nor-
mally printed for convenience with 100 g/kg urea in the
print paste; however, this may well not be the optimum
amount. Table 2 gives the colour yield for Procion dyes
for varving amounts of urea when printed from the
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Table 2 Colour yield for prints on cotton at varying urea concen-
trations

Table 3 Colour yield for prints on cotton with 15 g/kg Matexil
FN-T at varying urea concentrations

Integ values at urea concns of

Dye
concn 50 62.5 75 87.5 100

Procion (g/kg) o/kg o/kg g/kg gkg go/kg

Integ values at urea concns of

Dye
concn © 10 20 30 40

Procion (o/kg) o’kg g/kg o/kg g/kg  g/kg

Yelow SP-8G 40 liquid 120 215 220 21.8 21.7 215
Yelow P-3R 33 liquid 150 32.4 327 329 333 329
Orange P-2R 40 liquid 120 34.2 32.0 366 351 34.1
Scarlet P-2R 33 liquid 150 38.0 41.3 41.8 40.8 408

Red P-4BN 33 liquid 150 38.5 40.3 387 40.7 393
Red P-8B grains 40 36.4 358 381 365 36.7
Brown P-4RD 25 liquid 200 56.0 57.1 571 56.2 56.2
Blue P-3R 40 liquid 120 2286 21.9 21.7 204 21.0
Blue P-GN 40 liquid 100 26.8 286 278 280 276
Blue P-5R 40 liquid 120 38.2 363 365 348 335

Turquoise H-A 25 liquid 120 17.7 193 189 207 217
Turquoise P-GR 50 liquid 90 16.1 16.2 163 155 15.

Navy P-2R 40 liguid 150 56.1 53.1 526 513 51.8
Black P-N 50 liquid 140 50.1 49.7 50.6 49.7 473
Black P-2R 40 liquid 150 60.8 59.9 5394 594 564

Yeliow SP-8G 40 liquid 120 219 215 219 220 216
Yellow P-3R 33 liguid 150 31.8 324 331 330 315
Orange P-2R 40 liquid 120 354 369 357 352 343
Scarlet P-2R 33 liquid 150 38.7 389 379 386 399

Red P-4BN 33 liquid 150 41.0 397 402 408 383
Red P-8B grains 40 341 366 348 361 343
Brown P-4RD 25 liquid 200 374 415 427 420 442
Blue P-3R 40 liquid 120 20.3 221 212 206 19.9
Blue P-GN 40 liquid 100 239 262 261 273 266
Blue P-5R 40 liquid 120 339 366 380 372 377

Turquoise H-A 25 liquid 120 56 7.1 7.7 98 102
Turguoise P-GR 50 liquid 90 122 12.8 134 128 133

Navy P-2R 40 liguid 150 54.8 531 565 544 532
Black P-N 50 liquid 140 47.2 48.7 460 455 471
Black P-2R 40 liquid 150 59.2 61.2 603 602 594

standard recipe given below:
Manutex F stock (10%) (with Calgon) 500 parts

Matexil PA-L 30 parts
Matexil WA-KBN 20 parts
Urea x parts
Sodium bicarbonate 25 parts
Procion dye y parts
Water to 1000 parts

The colour yield is assessed by the method of Derby-
shire and Marshall [18], which is based on the Kubelka-
Munk equation and termed the ‘Integ’ value. This is
calculated by Eqn 1:

700
Integ =2I,1F1(JEA +9; +23) (1)
400
_[1-(R-R) _[1-(R-Ro)I’
Z(Rl _RD) Z(Rs _RO)
R, = reflectance of the print at wavelength A

R, = reflectance of the undyed substrate at the
same wavelength
Ry = constant

I, = spectral energy of illuminant Dgs
%, i, 7 = 10° standard observer data.

For 100% cotton the results indicate thata urealevel of
100 g/kg is frequently not the optimum and 50-75 g/kg
urea can equally well be used. By substituting 15 g/kg
Matexil FN-T (dicyandiamide) into the standard recipe
above, and using amounts of urea in the range 040 g/kg,
the results in Table 3 were obtained. Comparing the
values in Table 3 with those in Table 2 (with the higher
amounts of urea) it can be seen that a combination of
Matexil FN-T with a lower amount of urea can give a
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colour yield similar to that obtained with urea alone.
Furthermore, experimental work has shown that the
amount of Matexil FN-T can be reduced to 10 parts per
1000 without any detriment to the colour yield. Table 4
compares this reduced urea recipe with the ‘optimum’
urea recipe.

The adoption of the following print recipe for 100%
cotton could reduce urea levels by up to 80% and total
nitrogen content derived from both urea and Matexil
FN-T by about65% compared witha 100 g/kg urearecipe:
Sodium alginate solution 500 parts

Matexil PA-L liquid 30 parts
Matexil WA-KBN 20 parts
Matexil FN-T 10 parts
Urea 20 parts
Sodium bicarbonate 25 parts
Water to 1000 parts

Mechanical moisture application systems

Moisture spraying systems have been available for some
time and have found use in low-add-on finishing and in
general ‘conditioning’ of textile fabrics. Two systems are
generally available. The first is the WEKO system from
Germany [19-21], where liquor is pumped form a tank
through a control system onto a spinning rotor (which
spins at 3000 rev./min), breaking the water up into fine
droplets. The other is the Farmer Norton 5D spinning
disc applicator [22,23], in which liquor spray is generated
by pumping liquor to the centre of revolving discs (spin-
ning at 3500 rev./min). These systems have proved useful
in conditioning viscose fabrics after printing and drying
but before steaming (see below).

Miiller et al. have recently advocated the use of the
WEKO system as a method of eliminating urea totally by
printing from a urea-free recipe and applying moisture
{up to 30% pick-up) prior to the substrate entering the



Table 4 Comparison of Integ values fro prints an cotton with
Matexil FN-T/reduced urea recipe and near-optimum urea alone

Urea aicne
recipe
Dye Integ value for
concn Concn 20 g/kg urea +
Procion {9/kg) (g’kg) integ FN-T recipe

Yellow SP-8G 40 liquid 120 75 218 218
Yellow P-3R 33 liquid 150 75 329 323
Orange P-2R 40 liquid 120 75 366 36.5
Scarlet P-2R 33 liquid 150 7% 418 412

Red P-4BN 33 liquid 150 75 387 407
Red P-8B grains 40 75 381 345
Brown P-4RD 25 liquid 200 75 571 50.7
Blue P-3R 40 liquid 120 50 29.7 20.2
Blue P-GN 40 liquid 100 75 278 26.2
Blue P-5R 40 liquid 120 50 365 36.2

Turquoise H-A 25 iiquid 120 100 217 11.7
Turquoise P-GR 50 liquid 90 75 16.3 153

Navy P-2R 40 liquid 150 75 526 5256
Black P-N 50 fiquid 140 75 506 57.0
Black P-2R 40 liquid 150 50 60.8 584

steamer [24]. Eisenlohr [16,17] has described the results of
trial prints with Basilen P (BASF) dyes on viscose using
the approach advocated by Miiller et al. [24]. This work is
ata very early stage and under preliminary examination
by printers. It may have advantages in lowering the
amount of urea and in the conditioning of viscose but the
proposed add-on water (up to 30%) may be difficult to
control and reproduce on different types of fabric.
Water sprayed onto the fabric before steaming only
replaces the urea in attracting moisture to the fabric
during steaming. It does not address the roles of urea
cited above involving physico-chemical interactions be-
tween cellulose, dye and alkali. Therefore some chemical
substitute for urea may still be required in print pastes.

PRINTING OF VISCOSE WITH REDUCED-
UREA RECIPES

As already stated, the combination of a low-urea recipe
and Matexil FN-T may well be acceptable for 100% mer-
cerised cotton prints. However, the problems of printing
viscose fabrics are somewhat different [25]. The use of
urea in high amounts has always been the standard
solution adopted by the printers: pastes generally have a
minimum 200 g/kg urea added, and in many cases the
fabric is pre-padded with urea at the 100-200 g/kg level.
Therefore replacement of this high amount of urea by
either a mechanical moisture spray system or a chemical
addition (or a combination of the two) to achieve the
same results at the same cost level is probably an impos-
sible task. Figure 2 is a flow diagram showing the many
options open to the printer for preparation, pre-padding,
print recipe and post-printing treatments.

The combinations are numerous and no one printer
processes viscose in the exact same manner as another.
For example, one of the most popular routes to prepare
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Figure 2 Viscose fibre preparation/printing routes

and print viscose would be: singe — desize — relax/scour
— dry — causticise — wash-off — dry — print (with high
urea) —» dry — condition the viscose — steam — wash-off
— dry (route A).

Conditioning is normally taken to the natural regain
level of viscose (approx. 12-15% moisture), and many
methods, both in-house (spray dampening) and pur-
chased units (e.g. the WEKO or Farmer Norton SD mois-
ture application systems), are available for this purpose.
Caretul drying at all stages and the conditioning stage
prior to steaming are vital to the success of viscose print-
ing.

The route recently proposed by Eisenlohr [17] would
follow the same stages as route A, and then: print (with
no urea) — dry - WEKO moisture application control-
led to give 30% moisture — steam — wash-off — dry
(route B).

ICI Colours has examined Matexil FN-T as a partial
substitute for urea in a similar manner to that given
above. Route A was taken as the control and comparison
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between a 200 g/kg urea print paste and a range of
reduced urea/Matexil FN-T recipes was made. The opti-
mum result to equal the colour yield of the 200 g/kg urea
was found to be a combination of 80 g/kg urea and 15
g/kg Matexil EN-T. The results of the comparison are
given in Table 5.

Table 5 Comparison of high urea print recipe versus reduced
urea recipe on causticised viscose (Integ vatues)

Control Reduced urea recipe
recipe 80 g/kg urea +

Procion dye 200 g/kg urea 15 g/kg Matexil FN-T

Yellow SP-8G 40 liquid 17.2 18.0

Yellow P-3R 40 liquid 26.0 313

Red P-4BN 33 liquid 36.7 39.0

Violet P-3R grains 36.9 32.8

Blue P-3R 40 liquid 14.0 13.8

Blue P-5R 40 liquid 314 30.1

Turquoise P-GR 50 liquid 8.9 6.2

Brown P-4RD 25 liquid 23.4 18.5

Navy P-2R 40 liquid 471 40.1

Black P-2R 40 liquid 43.6 47.2

Black P-N 50 liquid 46.7 46.6

Based on these results the following route should be
initially examined as one method of reducing the urea
level in viscose printing by up to 60%. Total nitrogen
content derived from both urea and Matexil FN-T could
also be reduced by about 50% compared with the 200
g/kg urea recipe: singe — desize — relax/scour — dry —
causticise - wash-off — dry — print (80 g/kg urea + 15
g/kg Matexil FN-T) — dry under controlled conditions —
condition viscose — steam — wash-off — dry.

It must be emphasised that any approach to urea

replacement is no substitute for the overall careful con-
trol required when printing viscose fibre fabrics.

There is still ongoing development work in the area of
urea replacement and the method proposed in this paper
is only a partial solution to the problem. However, as
environmental pressures grow, the amount of research
effort by both the dyestuff/auxiliary manufacturers and
the printers themselves willalso increase. We may expect
to see more developments in the near future.
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