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Laboratory trials have shown that many wool dyes are almost
completely exhausted from the dye liquor after only 5 min

at 105°C, while the strength loss of the wool is no greater than
in conventional dyeing methods. The uniformity of reactive
dyeings under these conditions is reported.

INTRODUCTION

In recent years many attempts have been made to increase
machine productivity and reduce energy caonsumption by
dyeing wool at ambient temperature or above 100°C. Studies
of wool dyeing at ambient temperature have invariably shown
the need to add chemicals, the cost of which outweighs any
benefits because of savings in energy [1]. Apart from solvent-
assisted processes [2] and the use of formic acid [3], most
neold” methods entail using urea in guantities up to 30% of
the weight of fibre dyed [4—7]. Although urea itself is
relatively cheap, the increasing cost of storing and handling
large quantities of chemicals has seriously inhibited the
adoption of cold-dyeing methods for wool. The role of urea
in the cold dyeing of wool has been investigated by several
workers [8—10] and, to date, no suitable alternative has
been proposed.

It is well known that wool can be dyed above 100°C in
relatively short times. Coutie et al. {11] studied a range of
acid and maordant dyes, and, on the basis of fixation and
hydrolytic breakdown, defined dyes suitable for use at 115°C.
Fowler [12] made use of this information to show that the
normal wet-fastness properties of selected acid and chrome
dyes could be attained in very short dyeing cycles at elevated
temperatures. As an example, a total cycle of 6 min at
120°C for an afterchrome process was described. Thies [13]
described investigations into short-duration high-temperature
dyeing methods for wool. Even under optimum pH con-
ditions, fibre damage increases very rapidly above 110°C and
dyeing between 105°C and 107°C  was
Coutie et al. [11] showed that the dyeing temperature should
not exceed 112°C to avoid excessive fibre damage. Schmidt
[14] used microscopic tests to analyze the degradation of
wool and wool blends after dyeing at 120°C. Formaldehyde
was used to avoid severe damage to the wool. Sankina
et al. [15] described the fixation of vinyl sulphone reactive
dyes on wool over the range 100—120°C. Using pad—steam
methods, maximum fixation was observed at 108°C. Hy-
drolysis of the dye did not oceur under the conditions
described.

Shorter dyeing times have heen discussed by Franke [16]
as a producfivity factor in rapid-flow dyeing machines. More
efficient use of water and energy, improved machine utiliza-
tion, higher rate of temperature rise and more rapid liquor
circulation all contribute to higher productivity in rapid-flow
equipment. Hoffmann et al. [17] have established optimum
conditions for exhaust dyeing of acid dyes on wool using
heating rates up to 4°C/min and at 105°C a dyeing time of
10—40 min was needed to obtain a well-penetrated dyeing.

Modern pressure dyeing vessels for loose stock, yarn
packages and pieces (jet machines) havevery high rates of flow
of liguor. The potential of these machines to dye wool above
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recommended.

100°C in a few minutes prompted a further study of short-
duration dyeing methods for woo! at 105°C.

Experimental

Dyeing Methods

A Pretema Multicolor — system Ellner laboratory machine was
used. The positive piston action of this machine forced liquor
through the muitilayered package of fabric or yarn ensuring
rapid and reproducible liquor circulation. The rate of circula-
tion was 4.4 litres/min and the volume of liquor used was
300 ml!, thus giving over 14 circulations per min. Unless
otherwise stated, the liguor:goods ratio was 10.3:1. The
sodium sulphate used in each case was anhydrous.

Dyeing above 100°C

The goods were scoured as follows: a liguor containing
Antarox C0630 (0.2% o.w.f.) was prepared in a separate
vessel, heated to 100°C, transferred to the dyeing vessel
containing the dry goods, circulated for 5 min, and then
drained.

Preliminary experiments to determine the feasibility of
short-duration dyeing were carried out on wool fabric using
three dyes: Naphthalene Scarlet 4RS (C.l. Acid Red 18), an
equalizing acid dye, Cibalan Bordeaux 3BL (C.I. Acid Violet
70}, a metal-complex dvye, and Drimalan Red F2GL (C.I.
Reactive Red 99}, a reactive dye.

Both the preliminary experiment on fabric and the dyeing
of varn above 100°C were carried out as follows: the dye
liqguor was prepared and heated to 90°C in a separate vessel
before being transferred to the preheated (95°C) vessel of the
Pretema Multicolor dyeing machine containing the wool. The
vesse! was pressurized and heated to 105°C as quick!y as pos-
sible. This temperature was held for periods of 5, 10, 15 or
20 min before the liquor was cooled to 98°C and drained, In
the case of chrome dyes applied by this method, the potassium
dichromate was added after cooling the liquor from 105°C to
98°C. The liquor was then heated to 105°C for a further &
min, cooled to 98°C and drained. The time from liguor entry
until the bath reached 105°C was 3 min 30 s and the time
required to cool the bath from 105°C 10 98°C was 1 min 20 s.
The quantity of dye exhausted on to the wool was determined
spectrophotometrically and expressed as a percentage of total
dye added to the bath. The dyed wool samples were hydro
extracted and dried in an oven at 86°C. Rinsing of these
samples was not carried out in the dyeing machine. Removal
of unfixed dye by both water and ammonia solution is
reported in Table 1.

Conventional Exhaust Dyeings

The dry goods were scoured with Antarox C0630 (GAF)
{0.2% o.w.f.) at 60°C for 10 min and then rinsed with cold
water.

Conventional dyeings on wool yarn used for tenacity
measurements were carried out as follows {all weights are
expressed as a percentage of the weight of wool used):

REACTIVE DYES — The dye liquor was prepared with
Remol GE (HOE) {1%) and acetic acid (glacial, 3%), heated
to 40°C and circulated for 10 min. Dye (2%)-was then added
and the liquor was held at 40°C for a further 10 min. The
liquor was heated to 98°C over 45 min, held for 25 min,
cooled to 65°C and drained.

MILLING ACID DYES — The dye liguor was prepared
with ammonium sulphate (4%), heated to 50°C and circulated
for 10 min. Dye (2%) was then added and the liquor circulated



for a further 10 min at 50°C. The liguor was then heated to
98°C over 45 min, held for 45 min, cooled to 65°C and
drained.

EQUALIZING ACID DYES — The dye liquor was prepared
with sodium sulphate (10%) and sufphuric acid (4%), heated
to 40°C and circulated for 10 min. Dye (2%) was then added
and the liquor circulated for a further 10 min at 40°C. The
liquor was heated to 98%C over 45 min, held for 45 min,
cocled to 65°C and drained.

CHROME BLACK DYES — The dye liguor was prepared
with sodium sulphate (10%) and acetic acid (glacial, 3%),
heated to 50°C and circulated for 10 min. Dve (8%) was added
and the liquor circulated for a further 10 min at 50°C. The
liguor was heated to 98°C over 30 min, held for 60 min,
cooled to 80°C and potassium dichromate (2%) added. The
liquor was again heated to 98°C and circulated for 30 min,
cooled to 65°C and drained.

OTHER CHROME DYES — The dye liguor was prepared
with sodium suiphate (10%) and acetic acid {glacial, 2%),
heated to 50°C and circulated for 10 min. Dye (2%) was
added and the liquor circulated for a further 10 min at 50°C.
The temperature was raised to 98°C over 30 min and held at
98°C for 30 min. Sulphuric acid (1%) was added and the
liquor circulated for a further 30 min at 98°C. It was then
cooled to 80°C and potassium dichromate (1%) added, The
liquor was again heated to 98°C and circulated at this tem-
perature for 30 min, cooled to 65°C and drained.

METAL-COMPLEX DYES (NEUTRAL DYEING) - The
dye liquor was prepared with Albegal A (CGY) (1%) and
acetic acid (glacial, 1.5%), heated to 50°C and circulated for
10 min. Dye (2%) was added and the liguor circulated for a
further 10 min at 50°C. The liquor was then heated to 98°C
over 45 min and held at 98°C for 45 min, coolfed to 65°C and
drained.

Rinsing and Drying Conventionally Dyed Samples

All samples were rinsed in a liquor containing ammonia (5%)
for & min and then in a liquor containing acetic acid (glacial,
0.5%) for 5 min. The samples were oven-dried at 85°C.

WOoOoL
Fabric — a plain-weave, all wool, worsted fabric {145 g/mz)
was used.

Yarn — R 60/2-tex worsted varns were prepared from
22- m wool starting with:

{a}  untreated wool tops

(b)  chlorinated wool tops — Basolan DC (BASE) {4%)

{c)  tops prepared from carbonised worsted sliver

(d) topsprepared from chlorine/Hercosett 57 (Hercules)

treated silver [18]

The vyarns were crosswound onto perforated spindles
suitable for use in the dyeing machine. Package size was
adjusted to give the various liquor-to-goods ratios reqguired.

OTHER TESTS
Dye exhaustion was monitored colorimetrically using a Varian-
Techtron model-635 spectrophotometer.

Tensile-strength measurements of dyed yarn samples were
carried out using ASTM method D2256—CRE.

Colour-fastness tests were carried out using the procedure
described as Coiour Fastness to Washing: 1SO Test No. 3 [19].

Uniformity was rated subjectively after examination of at
least 100 fibre cross-sections. Two ratings are given: First
is a rating in five steps A to E, referring to uniformity of
distribution of dye from fibre to fibre, A befng the poorest
result and E being completely uniform. Second is a rating
from 1 to 5 of penetration of dye into the fibre, 1 being
badiy ring dyed and 5 being uniformly penetrated. A standard
of C-3 or better on the cross-section assessment is an ac-
ceptable level of uniformity of dyeing for most end uses of
dyed wool.
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Figure 1 — The effect of sodium sulphate and Antarox
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Figure 2 — The effect of sodium sulphate and Albegal A
(CGY) on dye exhaustion
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Figure 3 — The effect of sodium Sulphate and Drimagen F
(Sandoz} on dye exhaustion
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TABLE 1

Reactive Dyes Applied to Untreated Wool Fabric by the Short Duration Dyeing Method at 105°C*

Dvye

Drimalan
Yellow F-3GL
Yellow F—R
Orange F—GL
Scarlet F—WL
Brilliant Red F—B
Red F. 2GL
Red F. 2BL
Blue F. 2GL
Briliiant Biue F—-2RL
Yellow 4GL
Turquoise Blue G
Green G

Lanasol
Yellow 4G
Yellow 4R
Orange G
Orange R
Scarlet 3G
Red 6G
Scarlet 2R
Red 2G
Red G
Red B
Red 5B
Blue 3R
Blue 3G
Yellow 6G

Wool Fast Turquoise SW
Cibacrolan

Yellow 2G

Green VM

Green G

Blue 8G

Cibacron
Brilliant Yellow 3GP
Yellow GP
Yellow R
Yellow FRA
Brilliant Orange GP
Brilliant Orange G
Brilliant Orange 2GE
Scarlet RP
Scarlet 4GP
Scarlet 2GE
Brilliant Red B
Brilliant Red 2BE
Brilliant Red BA
Brilliant Red 3B
Brilliant Red 3BP
Briltiant Red 2GP
Rubine R—E
Violet 2R
Briltiant Blue BR
Brilliant Blue 4GP
Blue 2RA
Blue F. 3GA
Turquoise Blue GFP
Turquoise Blue G

C.1. Generic
Name

C.l. Reactive
{Yeliow 69}
(Yellow 69)
(Orange 53)
{Red 28)
{Red 147)
(Red 99)
{Red 100)
(Blue 94)
{Blue 103)
(Yellow 21)

{Acid Blue 224)

(Yellow 39)
(Yellow 127)
{QOrange 29)
{Orange 68)
{Red 136)
(Red 84)
(Red 78}
{Red 118)
(Red 83)
(Red 65B)
(Red 66)
{Blue 50)
{Blue 69)
(Yellow 126)
C.l. Acid
(Blue 228)

{Yellow 168)

(Blue 185)
C.1. Reactive

{Yellow 2)

(Yellow 3)
{Yellow 3)
{(Orange 5)
(Orange 2)
(Orange 20)
{Red 13)
(Red 16)
(Red 43)
(Red 12)
(Red 42)
(Red 12)
{Red 4}
(Red 45)
{Red 15)
(Red 7)
(Violet 2)
(Blue B)
(Violet 14)
(Blue 13)
(Biue 2}
{Blue 15}
(Blue 7}
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1503 Wash fastness
Change Staining of
of wool cotton
colour
3—-4 4 4--5
4-5 4 45
4 4-5 4--5
4 4 4
3-4 4 3-4
4 3—-4 3-4
3 3-4 2-3
34 4 3-4
4-5 4 3-4
4 4 4-5
3-4 4 2
3-4 4 2
4 4 4--5
3—-4 3-4 3-4
4 4 4
3-4 3-4 3—4
3—4 3-4 4
4 3-4 3-4
3—-4 3-4 3-4
4 34 3-4
3—-4 3-4 3-4
4 3—4 3
3—4 3-4 3
3-4 4 4—5
3-4 4 4
4-5 3-4 4-5
4-5 4 3
3-4 3-4 4—5
3-4 4 1-2
3 4 2
2-3 4 2
4 4 4
3 3—4 3
3 3—-4 1-2
3 3-4 1-2
3-4 3-4 3
3-4 3 1-2
3 3 1-2
4-5 4 2-3
3 4 3
3 3 1-2
3 3—4 2-3
34 3-4 2
3 3-4 2-3
3-4 4 2
2-3 3 2
2-3 4 3
2 3-4 1-2
2--3 4 3
3-4 3—4 314
1 4-5 2-3
2 4 3
3 4-5 3
3 4 2
2-3 4 2-3



TABLE 1 (cont'd)

Reactive Dyes Applied to Untreated Wool Fabric by the Short Duration Dyeing Method at 105°C*

Dye C.1. Generic Dyebath Dye removed (%) Uniformity 1SO3 Wash fastness
Name exhaustion by rinsing in Change Staining of
(%) water ammonia of wool cotton
soln colour

Green G 100 0.9 2.6 c-2 3 4 2-3
Brown 3GRA (Brown 1) 99 0.1 0.9 D-3 3 4 2-3
Black F. BGA {Black 1) 70 2.6 13.2 B—1 3-4 4-5 2--3

Remazglan
Golden Yellow G 96 Q0.2 1.0 E-5 3-4 3-4 2-3
Yellow G 94 Q.2 0.8 E-4-5 3—4 3—4 4-5
Yelow GL 28 0.3 2.8 E-4-5 3 3-4 4-5
Yellow GR 98 0.2 1.3 E~-4-5 3 3 4
Yellow RR 99 0.2 1.0 E—3-4 3 3 " 3-4
Orange GG 98 0.2 1.0 E—4-5 3-4 2 3-4
Orange GR 99 0.0 18 E-4-5 2-3 34 3—-4
Brilliant Orange 3R 96 0.2 1.7 E-4 3-4 2 3
Red B 97 0.1 1.9 E—3-4 3 2-3 3—4
Red F3B 99 0.2 1.2 E--3-4 3 3-4 4
Red GR 98 0.3 1.4 D-3 34 2-3 3
Red R 97 0.2 1.1 E-3-4 3 2-3 3
Brilliant Red BB 99 0.1 0.7 E-3 2-3 3 2
Brilliant Red 5B 99 c.0 0.9 D-3 3—4 3 3—4
Brilliant Blue B 100 0.2 1.6 c-2 1-2 2-3 3-4
Brilliant Blue R 98 0.0 1.8 D—2-3 2.3 1-2 3-4

C.1. Reactive

Hostalan
Brilliant Yellow EG (Yellow 37:1) 98 0.1 0.9 E—4 3 4-5 4
Orange ER (Orange 83) 99 0.0 0.9 E-4 3-4  3-4 4
Scarlet R (Orange 16:1) 86 1.0 1.2 E-3 3-4 3 3-4
Red BB (Red 182) 99 0.1 0.8 b-3 4 3-4 4
Red E4B 99 0.1 0.7 D-3 4 4 4
Red EG (Red 168) 98 0.3 1.2 D--3 3 3-4 4
Red G (Red 51:1) 95 0.5 2.0 D-3 2-3 3 3-4
Red FR (Red 175) 100 0.3 0.7 E-3 3 3—4 3—-4
Brilliant Red (Red 21:1) 98 0.2 1.1 D--3 2-3 45 2
Brilliant Red BL 100 0.2 0.9 D—-3-4 2-3 4 2-3
Brilliant Red RR (Red 106:1) 98 0.1 6.7 D-3 2 4 3—-4
Turquoise Blue G 100 2.7 4.5 A—1 4 4 3
Biue EFB (Blue 155) 98 0.5 0.7 B—1 3 4 4—5
Blue FL 98 0.6 1.2 B—1 3-4 4-5 4-5
Brilliant Blue B {Blue 36:1) 96 0.6 2.5 B-2 2-3 3-4 4-5
Brilliant Green 3G 94 1.0 2.3 A—1 2 34 2

Procion
Yellow MF6G (Yellow 1) 99 1.8 1.1 D—3-4 3-4 4 4--5
Orange MX.G 98 0.2 2.0 c-3 4 3-4 2
Red H3B (Red 3} 100 0.1 1.0 D-3 3 3-4 2-3
Brilliant Red H7BS (Red 4) 100 0.3 1.1 c-2 3-4 4 2
Blue MX.R (Blue 4) 99 1.8 1.6 A—1 3 4 4
Turquoise H7G {Btue 3) 69 3.0 22.2 A1 3 4 2

*In each dyeing the liquor contained acetic acid (1% o.w.f.) and
auxiliary {1% o.w.f.}. The auxiliarias used were;

Drimagen F for Drimalan dyes

Albegal B for Lanasol, Cibacrolan and Procion dyes

Remel GE for Remazolan and Hostalan dyes

Neovadine AN for Wool Fast and Cibacron dyes

JSDC Volume 97 February 1981 69

et LA AR Mgt o e



TABLE 2

Wash Fastness {(ISO 3) of Wool Fabric — Comparison of
Conventional Dyeing and Short-duration Dyeing at 105° C

Dye (% o.w.f.) Application ISO 3 Wash fastness
method Change Staining of
of colour Wool Cotton
Hostalan Red E48B (2) Conv 4-5 4-5 4--5
Short 4 4 4
Brilliant Alizarine Conv 4—5 4-5 4
Milling Blue RWL (2) Short 4 4-5 3-4
Napthalene Scarlet 4RS Conv 4 4-5
{2} Short 4 4-5
Solochrome Black Conv 4 4—5b 4—5H
WDFA (8) Short 4 4-5 4-5
Chrome Fast Flavine A Conv 4--6 45 4
(2) Short 4--5 4-5 34
irgalan Olive BGL {2} Conv 4 4-5 4
Short 4 4-5 3—4

TABLE 3

Loss of Tensile Strength of Wool Yarn — Coemparison of Conventional Dyeing and Short

Dyeing at 105 C

Dye {% o.w.f.} Application Loss (%) in tensile strength of wool yarn
method Untreated 4% Chlorine—
Basolan DC  Carbonised Hercosett
Hostalan Red E4B (2) Conv 8.1 5.4 6.7 155
Short 7.4 7.2 3.9 14.7
Brilliant Alizarine Milling Conv 9.2 6.3 9.3 19.8
Blue RWL. (2) Short 8.7 8.0 4.7 16.2
Maphthalene Scarlet 4RS Conv 9.6 8.2 55 20.7
(2) Short 5.2 11.8 4.2 13.8
Solochrome Black WDFA Conv 12.2 11.7 8.9 246
{8) Short 10.8 9.3 9.0 20.2
Chrome Fast Flavine A Conv 14.5 9.2 5.6 229
(2) Short 8.2 9.1 5.9 13.5
Irgalan QOlive BGL {2} Cony 14.0 9.1 6.2 18.9
Short 12.4 7.2 2.7 17.5

Results
Results of the preliminary experiments described above are
given in Figures 1-3.

The effect of varying the composition of the dyebath on
exhaustion was investigated using a hold time of 5 min at
105°C. The effects of sodium sulphate and auxiliary products
can be seen in Figures 1—3. The presence of sodium sulphate
retarded the rate and extent of exhaustion of the bath under
the conditions selected. The presence of a suitable auxiliary
product, on the other hand, enhanced the exhaustion of the
dyebath. The most complete exhaustion of dye in the shortest
time occurred in the presence of acid and auxiliary product
and this appeared to be the most appropriate method for fur-
ther experiment,

To observe the uniformity of “strike” and penetration,
reactive dyes were selected for further study as they lose the
ability to “level” or redistribute after reaction with the fibre
has occurred. A range of reactive dyes at 2% o.w.f. were
applied to wool fabric using a hold time of 5 min at 105°C.
The quantity of the dye removed by rinses in water and in
ammonia {1%) solution was also determined and expressed as
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a percentage of the dye on the fibre after exhaustion, Table 1
shows the resuits of these dyeings. With only a few exceptions,
exhaustion of the dye liquors in 5 min at 105°C was excellent.

The method gave inadequate penetration and evenness
with 17 of the 96 dyes examined if the acceptance standard
of C-3 or better on the cross-section assessment is adopted.

Table 2 compares the wash fastness (ISO 3) of dyes ap-
plied to fabric by conventional and short-duration methods.
Dry-strength losses of yarns prepared from untreated, chlori-
nated, carbonised and chlorine/Hercosett 57-treated wool
dyed with these dyes by both methods were compared in
Table 3.

The results confirm those obtained under acid conditions
by Coutie et al. [11]. In most cases, the loss in tensile
strength of wool dyed at 108°C for 5 min is no greater than
that in conventional dyeing.

Table 4 shows that, with most dyes, liquor:goods ratio
had little effect on dye exhaustion over the range 30:1-10:1.

Conclusions
Short-duration dyeing of wool at 105°C for 5 min results in



TABLE 4

Effect of Liquor: Goods Ratio on Dyebath Exhaustion
Using the Short-duration Dyeing Technique at 105°C

Dye (2% o.w.f.) Exhaustion (%) on wool yarn
at liquor:goods ratio
36:1 18:1 10:1
Drimalan Red F—2GL 100 99 100
Drimalan Blue F—2GL 100 100 100
Lanasol Red 6G 100 100 100
Lanasol Blue 3G 100 100 100
Cibacron Brilliant Red 2G—P 100 100 100
Cibacron Blue F3G—A 93 94 99
Remazolan Red B 99 99 99
Remazolan Brilliant Biue B a9 100 100
Hostalan Red FR 100 100 100
Hostalan Brilliant Blue B 98 99 29
Procion Red H3B 100 100 100
Procion Blue MXR 100 100 100

almost complete exhaustion of many wool dyes when they
are applied in the absence of salt and the uniformity of most
reactive dyes applied this way is acceptable. Loss in tensile
strength of the dyed wool is similar to that of conventionally
dyed wool.

The author is indebted to Mrs A E Parnell, Miss G Lawysz

and Mr R J Turner for their contributions to this paper.

References

. Dorset, Text. Manuf., 97 {1971) 330.

. Stevens and Peters, J.5.D.C., 72 (1956) 100.

. Harrap, ibid., 756 (1959) 106.

. Angliss and Delmenico, ibid., 80 {1964) 543.

. Lewis and Seltzer, ibid., 84 (1968} 501.

. ldem, Textilveredlung, 6 (1971} 87.

. Angliss, Amer. Dyestuff Rep., 68 (1971) 21.

. Cockett, Rattee and Stevens, J.S.D.C., 85 (1969) 461.

. Asquith and Booth, Text. Research J., 40 (1870) 410.

10. Brady, J.5.D.C., 92 (1976) 586.

11. Coutie, Lemin and Sagar, ibid., 71 {1955} 433.

12. Fowler, ibid., 71 (1965} 443.

13. Thies, Text. J, of Australia, 29 (1954) 750.

14. Schmidt, Textilveredlung, 14 (1979) 141.

16. Sankina, Baranova, Sankin, Shikanova and Korchagin,
Texstil. prom., (1973) 70.

16. Fraake, Textil Praxis, 29 {(1974) 644.

17. Hoffman, Langmann, Elberzhager and Schnee, Internat.
Text. Bull. Dyeing, 3 (1978) 205.

18. Anderson, Katz, Wood and Goidsmith, Text. Manuf., 95
(1969) 184.

19. S.D.C., Standard Methods for the Determination of Colour

Fastness of Textiles, 106 Third Edition {1962).

©OoO~NDO L WN -

JSDC Volume 97 February 1981 71



pauld


