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A polyester package dyeing system based upon water and
2-ethoxyethanol is described. The process is similar to and a
natural development of the silicone—perchioroethylene system
discussed in Part 1 [ 1]. It is a bicomponent homogeneous
system. Water replaces silicone as the bulking medium or
antisolvent and 2-ethoxyethanol replaces perchloroethylene

as the dye solvent. Potentially it is a more versatile systent than
Dacsol, e.g. cotton-—-polyester fibre blends can be dyed. High
yields result from a low Z-ethoxyethanol: fibre ratio. Existing
disperse dyes in diluent-free or commercial forms are suitable.
Water quality, however, is important.

Introduction

Despite the high percentage recovery of silicone fluid in the
Dacsol process [1], a search for a cheaper alternative to
silicone was instituted. TlLis search led to the development of a
second bicomponent homogeneous dyeing system suitable for
dyeing synthetic-polymer fibres with disperse dyes, in partic-
ular, polyester fibres, the components being water and a dye
solvent, e.g. 2-ethoxyethanol (cellosolve), which is miscible
with water in all proportions. Water was chosen as the
anti-solvent, and/or bulking liquid, (cf. silicone fluid in the
Dacsol process), i.e. the effective liquor-to-goods ratio (e.l.r.) is
very low, less than 1:1. It is thought that the presence of water
depresses the dye solubility in the dye solvent, and as a
consequence, the partition coefficient between dye in solution
and dye in fibre is altered in favour of the fibre. This results in
high yields, The method is not carrier dyeing in the conven-
tional sense, since the concentrations of carrier in the dyebath
are seldom above 5 g/l, which is about 5% of the amount of
2-ethoxyethanol required.

Preliminary experimental work suggested that this new
system, designated Dacsol 2, while retaining all the advantages
of Dacsol, was potentially more versatile. [t can be claimed
that

(i) itisa ‘dry-to-dry’ process

{ii) cheaper solvents are involved

(iii) existing disperse dyes in their commercial and

diluent-free forms are suitable

(iv) it is more readily adapted to dyeing core-spun

threads and blended materials

(v) it can be coupled with

(a) acetone rinsing, or
(b) 2-ethoxyethanol rinsing, or
(¢) conventional aqueous reduction-clearing,

(vi) there is no possibility of atmospheric contamination

(vii) the design of suitable machinery is less critical,

provided acetone is not the chosen rinsing medium.
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2-Ethoxyethanol was chosen from a number of solvents
because it possesses the following properties:

(i) complete miscibility with water,

(ii) a similar or higher boiling point than water,

(iii) forms an azeotropic mixture with water.

The Dyeing Process

DYEING OF POLYESTER

The dyeing procedure of the Dacsol 2 process is similar to that
of the original [1]. In package dyeing, high yields on polyester
fibre are achieved by dyeing at high temperatures
(130—140°C) in a sealed kier for thirty minutes. Rapid rates
of heating are preferred. After dyeing, the spent dyebath is
discharged at high temperature to improve fastness to washing
and rubbing.

The physical form of the dye is less critical with Dacsol 2
than it is with the Dagcsol process. The dye, in commercial or
diluent-free form, is dissolved at 95°C in a small volume of the
solvent mixture before adding it to the bulk of the liquor
already circulating in the machine. The suitability of com-
mercial qualities greatly enhances the attractiveness of the
process.
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Figure 1 — Variation in effective liquor ratio
Optimum Liguor Ratio
An exercise, designed to discover the optimum ratio of
2-ethoxyethanol to fibre in the bath (the effective liquor-to-



goods ratio), indicated that it depended on the depth of
dyeing (Figure 1). The deeper the dyeing the greater the
amount of solvent required. To simpiify the procedure, it was
decided to use a ratio of 0.75 parts 2-ethoxyethanol to 1 part
of fibre for all dyeings.

Afterclearing
Acetone and 2-ethoxyethanol are suitable rinsing solvents.
Acetone is more efficient, but 2-ethoxyethanol is less
hazardous. Alternatively, the dyed fibre may be reduction-
cleared. The final choice of treatment will depend greatly
upon the prevailing local conditions.

If the cycle incorporates high-temperature discharge,
one solvent rinse may be adequate for all but the deepest
dyeings.

Drying
Low pressure, superheated steam is preferred to hot air.

Saolvent Recovery
At an effective liquor-to-goods ratio of 0.75:1 (ethoxy-
ethanol:fibre) provision for recovery of the ethoxyethanol is
essential. As in the case of Dacsol, it is easier to recover and
recycle the entire dye-liquor, i.e. there is no need to recover
the aqueous and solvent components separately. Two possible
recovery routes are —

(i) decolorizing through activated carbon,

(i) distillation.

The spent dyebath (5 litres) from a single-package poly-
ester dyeing of 2% C.I. Disperse Blue 128 was decolorized
using activated carbon (5 g). A similar bath was distilled, the
ethoxyethanol—water azeotrope boiling at 99°C. A distillate
of 4.5 litres was collected. Presumably the choice of method
depends on costs. Distillation costs may not be prohibitive,
provided a multi-stage evaporator is used.

Since the refractive index of ethoxyethanol-water
mixtures is directly proportional to the concentration of
ethoxyethanol in water (over the proposed concentration
range), it is possible to monitor the composition of the
recovered dyebath and make the necessary adjustment prior to
the next dyeing.

Water Quality

A comparison of Dacsol 2 and carrier-dyed binary mixtures of
dyes on high tenacity polyester yarns revealed that serious
anomalies, with regard to colour, occurred between the dyeing
methods for some disperse dye combinations (Table 1).

The colour differences are quoted in ANLAB 40 units
using the modification suggested by McDonald [2] in which
the measured colour differences are converted to their
equivalent at the neutral grey point. This helps to reduce the
interpretation difficulties inherent in quoting measured
ANLAB colour differences, which are of varying visual
significance depending on the colour of the samples quoted.

The seriousness of these anomalies was not as apparent
with single dyes. Much of the difficulty was attributed to the
water used. Although filtered it contained relatively high
quantities of copper, up to 0.6 p.p.m. {(Table 2) and many
disperse dyes are partially destroyed in the presence of metal
salts, in particular those of copper. Yellow dyes seem to be the
most affected, but some blue dyes and other colours behave
similarly.

TABLE 1

Colour Differences Between Aqueous Carrier and Dacsol 2
Dyeings on Heat-Set Spun Polyester Threads for Various
Binary Mixtures of Dyes [concentration of each dye — 0.3%
(commercial strength)]

Binary

Mixture AE,
Dye 1 Dye 2 (ANLAB 40 Units}
C.I. Disperse (.L Disperse

I. Yellow 82 Blue 185 0.36
2. Blue 122 Yellow 126 1.24
3. Orange 68 Blue 122 2.90
4, Viaolet 48 Blue 83 10.36
5. Red 168 Qrange 68 0.27
6. Violet 48 Yellow 70 7.63
7. Blue 83 Violet 31 0.63
8. Violet 48 RBlue 122 1.61
9. Yellow 126 Blue 94 10.75
106. Orange 60 Red 15 0.69
1. Red 88 Brown 4 3.39
12. Red 168 Blue 122 0.50
13. Red 168 Violet 48 1.33
14. Violet 48 Blue 128 6.12
18. Yellow 58 Red 15 0.53
16. Yellow 58 Yeliow 126 1.12
17. Yellow 70 Blue 94 12.97
18. Blue 200 Yetlow 126 13.24
19. Blue 122 Red 151 0.64
20. Blue 122 Yellow 85 8.25
21. Yellow 58 Yellow 82 0.39
22. Violet 48 Yellow 82 1.40
23, Red 151 Yellow 70 1.39
24. Biue 83 Violet 35 0.51
25. Yetlow 82 Yellow 126 1.37
26. Red 92 Red 151 0.54
27. Blue 185 Blue 83 0.95
28. Yellow 70 Yellow 85 3.66
29. Yellow 70 Red 15 3.38
30. Red 185 Red 151 0.88
31. Red 88 Orange 68 5.01
32. Violet 48 Yellow 65 1.17
33. Red 15 Red 88 0.85
34. Yellow 70 Orange 68 0.94
35. Red 88 Violet 35 1.92
36. Violet 35 Red 168 0.34
37. Blue 122 Red 185 1.50
38. Yellow 126 Red 15 1.40
39. Red 88 Red 151 4.52
40, Red 151 Orange 60 1.99
41. Yellow 126 Blue 185 1.23
42. Yellow 70 Blue 171 1.24
43. Blue 122 Yeltow 70 0.87
44, Yellow 66 Blue 94 0.78
45, Yellow 66 Blue 122 1.58
46, Blue 171 Yellow 64 1.72
47, Blue 171 Yellow 66 1.05
48. Blue 122 Orange 97 1.34
49, Blue 94 Orange 97 0.96
50. Yellow 64 Blue 122 0.57
Average 2.60

Dyeing Conditions

A Dacsol 2 2-Ethoxyethanol:fibre = 0.75: 1
Acetic acid 0.5 g/l
Dyeing temperature 130°C

B Aqueous Methyl salicylate 4.5 g/l

Dyeing temperature 130°C

Liquor-to-goads ratio 12.5:1
Town’s filtered water was used throughout.
AE,; ANLAB 40 units (Lab space) = AE/1 + 0.0275R (Lab space)

a; * b b, 2 "

2
where R = [( az) (2 - 2y
2 2
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TABLE 2

Water Analysis

Total Alkalinity

pH

Total Hardness
Conductivity
Concn of

Copper (p.p.m.)

Paisley
Town
Water
24
7.2
35

0.02

Aluminium (p.p.m.} 0.2

Iron (p.p.m.)

Chloride (p.p.m.)

TABLE 4

0.06

Town’s/Filtered Demineralized

28
1.7

35

150

0.6

0.0
16

12
6.2
2

16

0.0

TABLE 3

Comparison Between Medium-tenacity Textured Polyester and
High-tenacity Polyester Threads [concentration of each dye —
0.3% (commercial strength)]

Colour Differences — (ANLAB 40 Units)
Aqueous Carrier Dyeing
Binary Mixture -v-

C.1. Disperse Dacsol 2
Knitted Fabric Thread
Yellow 85/Blue 122 0.59 8.25
Yellow 126/Blue 200 0.66 13.24

Dyeing Conditions

Dacsol 2 Effective liquor-to-goods ratio
2-Ethoxyethanol:fibre = 0,.75:1
Acetic acid 0.5 g/l
Dyeing temperature 130°C
Agueous Methyl salicylate 4.5 g/l

Dyeing temperature 130°C

Liquor-to-goods ratio 12.5:1
Town’s filtered water was used throughout.

Effects of Quality of Water on Colour of Binary Combination Dyeings on High-tenacity Polyester Threads
(concentration of each dye within each binary mixture was kept constant at 0.3% commercial strength)

Sample Binary Dye Mixture
No. C.1. Disperse
1 Blue 128/Yellow 85
2
3
4
5
6
7
1 Blue 122/Yellow 85
2
3
4
5
6
7
1 Blue 94/Yellow 70
2
3
4
5
1 Blue 94/Yellow 85
2
3
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Water Quality
Town’s/Filtered
Demineralized
Town’s/Filtered
Demineralized
Town’s/Filtered

Demineralized
Demineralized

Town’s/Filtered
Demineralized
Town’s/Filtered
Demineralized
Town’s/Filtered

Demineralized
Demineralized

Town’s/Filtered
Town’s/Filtered
Town’s/Filtered

Demineralized
Demineralized

Town’s/Filtered
Town's/Filtered
Demineralized

Dyeing Method
(Dyeing temp. — 130°C)
Agueous/Carrier

Aqueous — No additions

Aqueous + acid +
sequestering agent

2-Ethoxyethanol
(0.75:1) + acid +
sequestering agent

Aqueous/Carrier
Aqueous — No additions

Aqueous + acid +
sequestering agent

2-Ethoxyethanol
{0.75:1) + acid +
sequestering agent

Aqueous/Carrier
Aqueous — No additions
Agueous + acid +
sequestering agent

2-Ethoxyethanol
(0.75:1) + acid +
sequestering agent

Agueous/Carrier
Agqueous — No additions
2-Ethoxyethanol
(0.75:1) + acid +
sequestering agent

Adams Chromatic Value Colour Difference Af,

Colour Space Co-ordinates Sample Instrumental
L a b No. ANLAB 40 Units Pass/Fail

37.47 —9.07 5.02

38.88 —9.18 4.58 1-2 1.12 Pass
45.28 1.3t 13.20 1-3 12.08 Fail
40.46 —2.56 4.00 1-4 6.48 Fail
38.92 —-10.38 2.01 1-5 2.80 Fail
37.37 ~9.76 1.98 1-6 2.48 Fail
38.06 —9.68 1.84 1-7 2.56 Fail
43.07 —-13.18 -—1.21

41.52 -13.05 -0.61 1-2 1.20 Pass
45.84 —6.24 11.74 1-3 11.44 Fail
44,14 —9.90 8.10 1-4 7.44 Fail
44.54 —~-13.44 —-4.04 1-5 2.32 Fail
42.30 —13.44 -4.43 1—6 2.40 Fail
43.20 —13.30 —1.82 1-7 0.48 Pass
40.51 —11.% —4.61

48.797 —1.57 —17.41 1-2 14.59 Fail
39.34 -11.44 -—-3.66 1-3 1.12 Pass
38.02 -—11.47 —3.81 1-4 1.68 Pass
42.88 —10.38 —9.85 1-5 4.32 Fail
39.94 —12.21 --1.47

52.22 -—0.88 0.28 1-2 14.24 Fail
39.88 —12.27 —0.84 1-3 0.48 Pass



TABLE 4 (continued )

Adams Chromatic Value

Colour Difference AE,

Sample  Binary Dye Mixture Dyeing Method

No. C.I. Disperse Water Quality (Dyeing temp. — 130°C)

L Violet 48/Blue 128 Town’s/Filtered Agueous/Carrier

2 Demineralized

3 Town’s/Filtered Aqueous — No additions

4 Demineralized

s Demineralized 2-Ethoxyethanol
(0.75:1) + acid +
sequestering agent

1 Violet 48/Yellow 85  Town’s/Filtered Aqueous/Carrier

2 Demineralized

3 Town’s/Filtered Aqueous — No additions

4 Demineralized

5 Demineralized 2-Ethoxyethanol
(0.75:1) + acid +
sequestering agent

1 Red 88/Brown 4 Town’s/Filtered Aqeous/Carrier

2 Demineralized

3 Town’s/Filtered Aqueous — No additions

4 Demineralized

5 Demineralized 2-Ethoxyethanol
(0.75:1) + acid +
sequestering agent

1 Violet 48/Blue 128 Town’s/Filtered Aqueous/Carrier

2 Town’s/Filtered Aqueous — No additions

3 Town’s/Filtered Aqueous + acid +
sequestering agent

4 Demineralized

s Demineralized 2-Ethoxyethano!l

(0.75:1) + acid +
sequestering agent

Dyeing Conditions

Dacsol 2 Effective liquor-to-goods ratic
2-Ethoxyethanol:fibre = 0.75:1
Sequestering agent 0.5 g/l
Acetic acid 0.5 g/l

Agqueous Methyl salicylate 4.5 g/l

Liquor-to-goods ratio 12.5:1

Similar anomalies were not encountered in dyeing
medium-tenacity textured polyester knitted fabrics (Table 3).

To resolve the difficulty, a series of experiments was
conducted to examine the effects of

(a) pH control

(b) concentration of sequestering agent

(c) using demineralized water.

Tlis work showed that to describe water as acting only as
a bulking liquor and/or anti-solvent in the system is inadequate
and that to achieve reasonable correlation between the dyeing
methods it was necessary to use acidified and sequestered,
demineralized water for the Dacsol 2 dyeings (Table 4). From
this table, the significance of water quality can be clearly seen.
In aqueous dyeing at 130°C using filtered water without the
addition of auxiliaries, some disperse dyes either have no
affinity for the thread or they are substantially destroyed.

Ultimately it was possible to use filtered water and obtain
reasonable agreement between agueous carrier and Dacsol 2
dyed binary mixtures, but care had to be taken to ensure the
copper content in the water was virtually zero. For high-

Colour Space Co-ordinates Sample Instrumental
L a b No. ANLAB 40 Units Pass/Fait

31.07 14.83 28.66

3195 14.86 28.96 1--2 0.96 Pass
34.21 16.75 26.77 1--3 2.24 Fait
33.90 16.26 27.89 1-4 1.76 Fail
33.54 16.11  28.42 1-5 1.44 Fail
J8.14 18.99 4. 66

37.49  18.22 2.77 1-2 1.44 Fail
38.86 23.86 17.34 1-3 8.16 Fail
37.49  23.10 16.03 1--4 7.36 Fail
38.78% 17.97 1.31 1-5 2.32 Fail
45.26 38.61 —19.50

45.47 38.30 —19.62 1-2 0.16 Pass
44.86 37.89 —18.14 1-3 0.80 Pass
46.46 37.38 —19.36 1-4 0.80 Pass
47.17 36.70 —18.96 1-5 1.28 Pass
30.72 14,45  28.6]

32.74  21.70 23.63 1-2 4.80 Fail
32.59 15.34 28.29 1-3 1.12 Pass
3203 1597 28.82 1-4 1.04 Pass
30.42 16.19 27.54 1-5 1.12 Pass

tenacity heat-set thread, the average colour difference (AF,)
was reduced from 2.60 (as shown in Table 1) to 1.68 ANLAB
40 units (Table 5, Column 6).

Coverage of Dye Affinity Varigtions
For any new system to be adopted, it must offer technical,
as well as economic, advantages over conventional processes.

The Dacsol process [1] was shown to afford extensive
coverage of barriness in polyester fibres because of the higher
dye desorption rates encountered. It was surmized that Dacsol
2 might have a similar advantage over conventional dyeing.
Indeed, if it did not, there would be little justification for
further development.

Laboratory package dyeing of selected binary mixtures
were prepared using aqueous carrier dyeing and Dacsol 2
(effective liquor-to-goods ratio 0.75:1) on thread mixtures
composed of heat-set and unset polyester. Acidified,
sequesiered, copper-free filtered water was used for the Dacsol
2 dyeings. After dyeing, the set and unset portions were
separated and their colour differences determined colori-
metrically (Table 5). The difference due solely to lightness
between the set and unset portions is a measure of the
coverage. The greater the difference, irrespective of sign, the
poorer the coverage. Clearly Dacsol 2 (AL =2.34 ANLAB 40
units [Table 5, Column 3]) affords greater coverage than
aqueous (AL = —3.86 ANLAB 40 units [Table 5 Column 11).
The average overall colour differences, AE,, at 1.79 and 2.77
ANLAB 40 units (Columns 4 and 2 of Table 5) confirmed this
result. Surprisingly, in the Dacsol 2 dyeings, deeper dyeings
were produced on the set portion than the unset portion. This
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TABLE 5

A Comparison of the Aqueous Carrier Dyeing and the Dacsol 2 Process by their Coverage of Barriness on Polyester Fibres
[concentration of each dye—0.3% (commercial strength)]

Colour Differences Anlab 40 Units
Binary Mixture Aqueous (set) — iJacsol 2 (set) — Aqueous (sef) — Aqueous (unset) —
C.IL Disperse AL Aqueous (unset) AL Dacsol 2 (unset) AL Dacsol 2 (set) AL Dacsol 2 (unset)
(Lightness) AE, (ANLAB 40) (Lightness) AE,(ANLAB 40) (Lightness) AE, (ANLAB 40) (Lightness) AE, (ANLAB 40)
Violet 48/Yellow ~3.81 3.18 0.88 1.00 ~2.62 2.44 2.06 "1.70
Violet 48/Yellow 70  —4.06 2.88 0.58 0.40 —2.61 1.80 2.03 1.56
Blue 122/Qrange 68  —4.94 4.42 4.30 3.88 —4.06 3.59 5.18 5.46
Orange 68/Red 168 —2.53 1.50 3.49 2.07 —1.68 1.18 4.32 2.48
Red 151/Yellow 70 —-3.26 2.16 0.48 0.53 -1.34 0.88 2.40 1.83
Red 88(Violet 35 —3.41 1.86 3.39 2.04 —0.90 0.90 5.90 3.74
Blue 94/Yellow 70 —5.30 3.96 2.83 2.98 —0.64 1.38 7.49 6.22
Violet 48/Blue 128 —4.08 2.29 1.57 1.02 —2.67 2.08 2.99 1.76
Red 168/Violet 48 -3.73 1.98 1.71 1.10 ~1.94 1.07 3.50 2.09
Yellow 70/Yellow 85 —1.44 2.09 0.22 0.66 -1.06 0.74 0.62 1.94
Orange 68/Red 88 0.27 1.91 2.91 1.74 0.82 2.52 3.46 2.56
Yellow 70/Blue 122 —5.28 3.82 4.85 5.12 -3.98 4.48 6.14 4.74
Red 151/Red 88 -4.02 2.43 2.00 1.3 —1.20 0.89 4.82 3.06
Red 185/Red 151 ~3.70 2.28 2.08 1.13 ~-1.90 0.77 3.89 2.95
Yellow 82/Yellow 126 —0.24 1.70 1.66 0.70 0.11 0.57 2.02 1.68
Blue 83/Blue 122 -~4.64 2.79 3.28 2.10 —2.80 1.58 5.14 3.34
Yellow 85/Blue 94 —5.41 4.02 3.52 2.80 ~0.70 1.41 8.21 6.71
Blue 83/Violet 48 -4.83 2.56 2.61 1.91 —2.74 1.51 4.70 2.79
Blue 83/Blue 94 —6.05 3.70 3.90 2.85 —2.80 1.78 7.15 4.62
Blue 83/Blue 185 —6.13 3.97 2.30 1.50 —2.90 1.61 5.54 4.18
Blue 83/Violet 31 —6.19 3.49 2.75 2.20 -3.22 1.80 5.74 3.78
Yellow 70/Orange 68 —2.19 1.88 0.18 0.30 ~1.41 1.81 0.96 0.42
Average —3.86 2.77 2.34 1.79 —~1.92 1.68 4.28 3.16
Dyeing Conditions Agueous Dacsol 2
Dacsol 2 Effective liquor-to-goods ratio 20} L
2-Ethoxyethanol:fibre = 0.75:1 40} =
Sequestering agent 0.5 g/l 60 T,
Acetic acid 0.5 g/l Desarption X [ Desorption
Filtered water | JesorPlion  c.l. Disperse | P00
Red 168 ._.__._-F-.'—‘
60 e—e—ea—"" 3
Aqueous Methyl salicylate 4.5 g/l 40+
Dyeing temperature 130°C 20}
Liquor-io-goods ratio 12.5:1 _/_:‘M,tf_ll__, M___‘
Town’s filtered water was used throughout.
——— ] S N R
was unexpected since in aqueous dyeing it is well established a0l ——————— I
that highly orientated, heat-set polyester material is usually = 60+ L \‘—‘—"\.
more difficult to dye than unset material and that dye yields S posi
are lower. Moreover, Dacsol 2 dyeings produced significantly 5 Desorption C.1. Disperse Desorpticn
. N . =] — P —————————
deeper dyeings on the set material (2 ANLAB 40 units) than S ool Yellow 70
the equivalent aqueous dyed portion. - 60} ea—a—e—v—r .__.__/-"""
As yet there is no satisfactory explanation for these 30
results. There is no difference in the fastness levels attained; Adsarption I Adsorption
: H 5 3 T, S A—
the Dacsol 2 dyeings are more level and visual examination of 10 20 30 0 20 30
cross-sections showed no suggestion of ring dyeing. It has been o
postulated {3], however, that heat setting polyester material 2
leads to greater orientation and crystallinity on the one hand 40 \._-\.
. . . o . 60+ T ————a—e . |
and an increase in c_ham mobll.lty on the othe‘r. Ther(? are, Desorption C.1. Disperse Desorption
therefore, two opposing mechanisms present during dyeing — [ Ble122 T —— 2%
one decreasing dye uptake by reducing the accessible spaces or 60r 3
voids between the crystalline units available for dye diffusion, 40 i
and the other increasing dye uptake by increasing the.a relaqve 20F  Adsorption Adsorption
size or total void content of the polymer matrix. With - . : .
2-ethoxyethanol present, the latter mechanism may dominate. Dyeing time, min
Possible effects on the fibre due to the presence of solvent
must also be considered. Adsorption of sizeable amounts of Figure 2 -- Dacsol 2 process: adsorption—desorption graphs
solvent may cause structural changes to take place within the Jor 5% dyeings
fibre and these could affect dyeability.
Adsoprtion and desorption experiments, which so silicone—perchloroethylene Dacsol system over aqueous
positively demonstrated the superior covering power of the dyeing, were inconclusive with the Dacsol 2 system (Figure 2).
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On the other hand, when packages composed of three
differently coloured portions were treated in blank aqueous
and Dacsol 2 dyebaths, a greater and more uniform transfer of

dye occured between the individual portions in the Dacsol 2
bath. The packages were composed of a yellow portion on the
outside, a blue portion in the middle and a red portion nearest
the centre. Because of the obvious differences and the unlevel
appearance of the individual portions, particularly in the
aqueous case, visual assessments were preferred to colour-
difference measurements.

Top Dycing Temperature

To determine the optimum dyeing temperature, comparative
aqueous and Dacsol 2 skein dyeings were prepared for six high
energy disperse dyes at three different temperatures (100°C,
115°C and 130°C), (Figure 3). The dyeings were prepared
using an effective liquor-to-goods ratio {ethoxyethanol:fibre)
of 0.75:1 and an overall liquor-to-goods ratio of 12.5:1. The
top temperature was reached as rapidly as possible and dyeing
continued for 30 minutes. After dyeing, the samples were
rinsed twice (2 x 5 min) in fresh acetone at 40°C.

Below 130°C, little dyeing takes place in the Dacsol 2
system, but after 30 minutes, the yields obtained are compar-
able with those obtained in the aqueous system. These
experiments were extended to include variations in dyeing
time (Figure 4). Yields increase as dyeing times increase,
irrespective of dyeing method.

DYIENG OF COTTON--POLYESTER FIBRE BLENDS

A conventional dyeing process for blends of this type consists
of separate dyebaths for each component. The polyester
component is dyed first at high temperature and under
pressure. Dyeing of the cotton component with vat or reactive
dyes follows. This is a lengthy and expensive process. Dacso] 2
offers the possibility of dyeing these blends in a single-bath,
albeit a two-stage process. Indeed this is also an advantage over
Dacsol, which is limited to dyeing 100% synthetic-polymer
materials with disperse dyes.
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02t (b} * (b) s——e—n {b) ot {b) »—o—= i (b).___-o—/' I .___-/' (b)
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Figure 4 — Adsorption isotherms for 1% dyeings
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To demonstrate the feasibility of Dacsol 2 in this respect,
disperse—vat and disperse—reactive skein dyeings were pre-
pared using two-stage one-bath and two-bath systems. Details
of the dyeing methods are:

(i) Two-stage one-hath:

Disperse the dyes into a bath of demineralized water
containing 2-ethoxyethano! (e.l.r. 0.75:1), sequestering
agent and acetic acid. Dye the polyester component at
130°C for 30 min. Cool, add appropriate drugs for vat
or reactive dyes. Dye the cotton component and finish
by soaping.

(ii) Two-hath:

Initially only the disperse dyes are added to the bath
of demineralized water, 2-ethoxyethanol, etc. Dye at
130°C for 30 min. Cool. Drain. Prepare a fresh
dyebath with vat or reactive dyes and dye the cotton
component. Finish by soaping.

The results confirmed that a one-bath, two-stage process
was feasible for disperse—vat systems, but not suitable for
disperse—reactive systems. Resultant dyeings and fastnesses
from the one-bath disperse--vat system compared well with
those obtained from the two-bath system.

Discussion
A bicomponent dyeing system, based upon a solvent for the
dye and an aqueous bulking medium, is comparable to the
silicone—perchloroethylene Dacsol system [1]. It is expected
to be cheaper and more flexible, e.g. commercial dye qualities
are suitable, and cotton—polyester fibre blends can be dyed.
To be practicable the process must have advantages over
aqueous carrier dyeing and, indeed there are a number, viz.
(i) It is a dry-to-dry cycle of no more than 70 min
duration provided the dyed material is rinsed in
acetone.

(ii) 1t affords better coverage of variations in dye affinity.

(iii) Effluent disposal is minimal, as the dyebath is
recovered and recycled.

(iv) Diluent-free or commercial dye formulations are
acceptable.

The disadvantage of Dacsol 2 is that provisioa for solvent
recovery must be included in any plant design. Acetone
distillation can be dispensed with provided aqueous rinsing
techniques are used, but these would extend the dyeing and
drying cycles and increase the machinery requirement.

Similar work has been done by Skelly [4] using 2-phen-
oxyethanol,but there are differences between the 2-phenoxy-
ethanol and 2-ethoxyethancl systems. The Ciba—Geigy process
is a two-phase system, as 2-phenoxyethanol is only partially
soluble in water (2.6 g/100 g water) and dyeing from
2-phenyoxyethanol begins at much lower temperatures
because it is less soluble in water and more of it will go into
the fibre. Skelly postulates that this gives rise to the rapid
formation of a high concentration of dye—solvent phase
within the fibre.

We thank many colleagues within J. & P. Coats, partic-
ularly Miss J. Ramsden, for her assistance in the preparation of
this paper.
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