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Cotton has been dyed with reactive dyes by both wet-on-wet (WOW) and wet-on-dry (WOD) cold
pad-batch processes, and by conventional exhaust methods. The colour yields, in terms of the
Kubelka—Munk values as a function of the amount of fixed dye, showed that the WOW method
required less fixed dye to produce a given depth of shade than the other methods. It is proposed that
the higher colour yields are a consequence of limited dye penetration into the cotton fibre. Compared
with exhaust dyeings, WOW and WOD dyeings were ciearly ring dyed but, unfortunately, no definitive
difference in the degree of dye penetration into the cotton fibres was found despite their colour yield
differences. Although ring dyeings often have inferior fastness properties, the WOW dyeings were ot
equal or slightly superior fastness to repeated washing and to normal daylight in compariscn with the

other dyeings.

INTRODUCTION

Conventional pad dyeing of cotton fabrics is usually a
wet-on-dry (WOD) process. This ensures good control of
the moisture content of the fabric just before padding and
a high pick-up of dye solution. The term ‘wet-on-wet’
(WOW) refers to the application of a chemical solution to a
fabric which is itself already wet. Such a process eliminates
a costly intermediate drying step. Only a few papers on
WOW padding cotton fabrics have been published [1-3].
The distribution of water in the initial wet fabric and its
exchange with the bath solution causes difficulties in
controlling the quantity of dye retained by the material
and thus the uniformity of the colour. Excessive exchange
results in dilution of the pad bath, leading to initial tailing
[4,5]. These problems arise from the presence of mobile
water on the fibre surfaces, which can be eliminated using
vacuum extraction [6,7].

Reactive dyes applied to cotton by a WOW padding
method have been reported to give a higher colour yield
compared with WOD dyeings containing the same
amount of fixed dye [3,8]. The objective of this research
was to confirm and possibly explain this interesting result.

EXPERIMENTAL

Materials

A 100% cotton fabric (1/1 plain weave, 141 g/m?) was dyed
with various reactive dyes having different reactive
groups. All dyes and auxiliary products were commercial
samples: Levafix Brilliant Red E-4B (BAY, CI Reactive Red
40), Procion Turquoise MX-G and Blue MX-R (Zeneca, CI
Reactive Blues 140 and 4), Drimarene Navy K-2B (S, CI
Reactive Blue 193), Remazol Black B (HOE, CI Reactive
Black 5), Remazol Navy Blue RGB (HOE) and Leonil KS

(HOE, wetting agent). Other chemicals used were of
laboratory grade.

Equipment

Pad dyeing was carried out using a laboratory-scale Vac-
U-Pad unit (Evac Inc). Exhaust dyeings were prepared in
breakers in a Polycolor machine (Zeltex). Reflectance
spectra were recorded with a Match Scan II spectro-
photometer (Diano). Dyed fibres were set in epoxy resin,
sections cut with a microtome and examined at magnific-
ations of 200-500 with a Leitz Metallux 3 microscope to
assess the degree of dye penetration.

Dyeing procedures

For WOD dyeing, the fabric was padded with dye
solution containing sodium hydroxide (2 g/1), sodium
chloride (50 g/1) and Leonil KS (1 g/l) to give a pick-up of
about 70%. For the WOW process, it was first padded with
Leonil KS solution (1 g/} and then vacuum extracted
{pressure drop 48 klIa), giving a moisture content of 45-
48%. This wet fabric was then padded with alkaline dye
solution as before to a total pick-up of around 75%.
Immediately after padding, fabric samples were cut for
analysis of dye content. Samples of the padded fabric were
also sealed in plastic bags and stored for 24 h to allow
fixation. Dyeings by the exhaustion method were
obtained by procedures used in earlier work [9], based on
manufacturer’s recommendations.

Although highly reactive dyes would not usually be
applied by the method described in this paper, the results
are quite satisfactory (good fixation and colour yield). In
fact, the higher the inherent reactivity of the dye towards
the cellulose, the less likely is diffusion of the dye molecule
into the fibres before reaction immobilises it. Several
highly reactive dyes were therefore chosen since their
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dyeings by the WOW method should give the greater
increase in colour yield when compared with their WOD
dyeings. Less reactive dyes are much more likely to diffuse
well into the fibre before they are fixed, so the degree of
dye penetration is higher.

Analysis

Moisture content and pick-up values were determined by
weighing and drying samples of fabric [10], unfixed dyes
and chemicals being extracted using boiling water before
drying. The amount of dye initially in the fabric was
determined by extracting a cut sample three times with
boiling water. The initial pH was adjusted to about 7 with
hydrochloric acid. The combined extracts were cooled,
phosphate buffer solution added [11], and diluted to a
known volume. It was established that hydrolysis of the
dye and boiling of the solution did not influence the
absorbance readings.

The mass of dye in the extract was determined by
spectrophotometric measurements at the wavelength of
maximum absorption of the dye and use of the linear
Beer—Lambert calibration graph. This mass was divided by
that of the dried extracted cotton sample. The fixation
yield was calculated from the initial mass of dye in the
fabric (g/g) and that similarly extracted after fixation. Even
though fabric samples were extracted with boiling water
immediately after padding (< 10 s), some dye had always
reacted and complete extraction was not possible. Fixation
yields were therefore corrected by a method based on
reflectance measurements at the wavelength of minimum
reflectance {A,,;,,) and calculation of the Kubelka-Munk K/S
values of the extracted and dried initial and final fabric
samples [12]. The corrections increased the fixation yield
by less than 2%. The amount of dye applied to the fabric
could also be calculated from the wet pick-up of the
padded fabric and the concentration of the dye in the
solution. This method was not used because it can lead to
erroneous data from preferential absorption of dye or
water. For example, amounts of CI Reactive Red 40

extracted from the cotton were 12-14% higher than
calculated from the pick-up of dye solution, because this
dye is substantive under the padding conditions. Fixation
yields of exhaust dyeings were calculated as described
previously [11].

Fastness tests

Samples dyed with the same dye, and with approximately
the same depth of shade (K/S values at 4_,), were washed
three times using a standard method at 40°C [13]. After
each wash the fabric was air dried and the K/S values were
remeasured. Similar samples, situated 5 c¢m behind
window glass, were exposed to normal sun and daylight
at an angle of 45°, and the K/S value measured at 14 day
intervals. Such spectrophotometric evaluation was
considered more precise than that based on comparison
with a grey scale.

RESULTS AND DISCUSSION

Dyeings were prepared by the WOD, WOW and exhaust
methods. For each completed dyeing, the K/S value was
determined at 4,;,. This provided a simple measure of the
depth of colour. The amount of dye fixed in the fibre was
calculated from the initial amount and the determined
fixation yield. Each measurement of fixation yield was the
average of two values. The reproducibility was good
(#3%). Fixation yields varied from 55-60% for CI Reactive
Blue 140 to 90-97% for CI Reactive Black 5. They were
usually at the lower end of the range for the WOW
dyeings.

Figure 1 illustrates typical graphs of K/S at A, as a
function of the concentration of dye fixed on the cotton.
For all the dyes examined, for a given amount of fixed dye,
the value of K/S always increased in the order exhaust
dyeing < WOD < WOW. In other words, to achieve a
particular depth of colour on the fabric, in terms of a
specific value of K/S, the necessary quantity of dye was
always less using the WOW rather than the WOD dyeing

30

Cl Reactive Red 40

CI Reactive Black 5

0O wow
4L WOD
QO Exhaust

C/ Reactive Biue 140

1
Amount of dye fixed, %

Figure 1 Typical graphs of K/S at A, as a function of dye fixed on cotton
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method. It was possible to use up to 30% less dyestuff to
produce a given depth of shade by adopting the WOW
rather than the WOD procedure.

The higher colour yield for the WOW dyeings
indicated that they had a higher proportion of fixed dye
closer to the fibre surfaces because of Emited penetration
of the dye. Ring-dyed fibres are usually considered to
produce paler shades compared with fibres that have
been fully penetrated with dye [14]. This may be true
when the fibres are relatively transparent but not
necessarily for highly opaque, fibrillar fibres such as
cotton. During dyveing, the reactive dye diffuses into the
pores of the cotton and reacts with cellulosate ions on the
pore wall. In WOW dyeing the pores are already fully
swollen and saturated with water so that diffusion occurs
only slowly. Thus the rate of dye penetration is limited in
comparison with WOD dyeing where dye penetration is
aided by the rapid influx of dye solution into the dry
fibres.

In order to verify that the differences in colour yield
were a consequence of variation in the degree of pene-
tration of the dye into the fibres, microscopic examination
of fibre cross-sections was undertaken. The results did not
provide a definitive confirmation of the above hypotheses.
Fibres from both the WOW and WOD dyeings were
obviously ring dyed but with no unequivocal distinction
in the degree of dye penetration. Fibres from exhaust
dyeings showed improved penetration but again many
fibres were ring dyed.

An increased colour yield of the WOW dyeings would
also be observed if fibres on the yarn surfaces were deeply
dyed because of slow penetration of dye solution into the
yarn interiors. Two facts indicated that this was not the
case. Firstly, the wet fabric was vacuum extracted before
dye application to a water content of 4548%. There was
thus only a small amount of unbound water on the fibre
surfaces. Secondly, there was no microscopic evidence for
dyeing of yarn surface fibres. The improved colour yield
on WOW dyeing was thus a consequence of limited
penetration of dye solution into individual fibres.

Ring dyeing is usually considered to result in decreased
fastness to washing, light and crocking [14]. We evaluated
the degree of colour fading by daylight and repeated
washing of dyed samples spectrophotometrically. Tables 1
and 2 show some typical results. The fastness to light and
washing of dyeings produced by the WOW method were
never worse, and were sometimes better, than those of the
corresponding WOD dyeings of about the same depth of
shade.

We also prepared some dyeings by first padding the
cotton with sodium hydroxide solution (5 g/l plus 1 g/l
Leonil KS). The wet fabric was vacuum extracted to
remove superficial liquid and then padded with a neutral
dye solution containing sodiurn chloride (50 g/1}. The dyed
samples gave colour yields 10% higher than those of
normal WOW dyeings. In the case of cotton first padded
with sodium hydroxide solution, it is reasonable that more
dye would react at the fibre surfaces than when using the

Table 1 Colour fading (K/S at A, versus time) on exposure to sun
and daylight for various cofton samples dyed with reactive dyes?

Ci Reactive

Red 40 Black 5 Blue 140
Time
{(days) W D X w D X w D X

0 67 82 68
14 58 7.1 58
28 54 64 5.0

12.8 144 140 166 185 185
11.2 127 121 157 17.3 1741
9.9 1.7 111 14.0 156 153
42 52 57 48 2.4 109 10.0 2.0 134 13.0
56 47 50 3.9 83 98 92 1.3 126 1241

Db 30 38 43 3B 32 34 33 32 35

a W —wet-on-wet dyeing, D — wet-on-dry dysing, X — exhaust dyeing
b D —total decrease, %

Table 2 Colour fading (K/S at A, versus time) on repeated
washing for varicus cotton samples dyed with reactive dyes?

Cl Reactive
Navy Blue RGB  Blue 193 Blue 4

Wash

no. w D X w D X w D X
0 81 93 1041 19.3 16.2 171 29 3.0 22
1 7.7 88 87 19.0 159 1741 28 3.0 21
2 7.7 87 97 189 168 169 27 29 21
3 75 87 83 18.7 155 1865 27 29 241
D 72 67 81 29 39 35 66 44 55

a For key see Table 1

usual WOW method. This is because the fibre is already
activated and the dye will react with the dissociated
hydroxyl groups near the fibre surface before it has had
much opportunity to diffuse into the fibre.

CONCLUSIONS
This study demonstrated that the wet-on-wet (WOW)
pad dyeing of cotton fabrics did in fact produce a deeper
colour than the usual wet-on-dry (WOD) pad method for
a given amount of dye fixed on the same fabric. It seems
likely that this is a consequence of the reaction of the dye
at the fibre surface before significant penetration into the
fibrillar matrix has occurred. There was also limited
penetration of the dye into the dry fabric under the WOD
padding conditions used. This hypothesis could not be
clearly confirmed by microscopic examination of fibre
cross-sections, but was supported by the higher colour
yields obtained by first padding the fabric with caustic
soda solution, followed by vacuum extraction and WOW
application of the neutral reactive dye solution.

Since the reactive dye is well anchored to the cotton, it
was not surprising that there was no difference in colour
stability to washing among WOW, WOD and exhaust
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dyeings of about the same depth. Lower stability to light
was anticipated since the fixed dye is more accessible to
oxygen and water in ring dyeings. The fact that no
difference in light stability was found for dyeings of about
the same depth might be related to the actual distribution
of dye in the fibre surface.
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