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Abstract

Union dyeing of cotton/wool blend with hetero bi-functional reactive dyes, namely CI Reactive Yellow 145, CI Reactive Red
194, and CI Reactive Red 195 is obtained using one-bath and two-bath dyeing processes. The results obtained are compared
with those obtained by conventional two-bath dyeing process. Factors affecting the dyeability, such as the amount of sodium edate,
sodium sulphate, temperature and dye concentration are investigated. The dyed fabrics were evaluated with respect to the dye ex-
haustion and fixation, levelling and the fastness properties. Excellent to good fastness was obtained for all samples irrespective of the
dyeing method. The result of investigation offers a new viable method for union dyeing by using sodium edate two-bath and one-

bath processes with a better levelling and dye uptake.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Cotton/wool fabrics are rapidly increasing in con-
sumer interest for value, comfort, versatility, and styl-
ing. These blends are found in sport and active wear,
light to bottom weights, and home furnishings. It is
a comfortable, durable and attractive fabric. The com-
plementary properties of these fibers include wool’s
high elongation and weakness at low stress and cotton’s
resistance to elongation and strength at high stress.
Wool’s low thermal conductivity and hygroscopicity,
leading to apparent dryness, complement cotton’s pro-
pensity to dissipate heat and absorb moisture with
easy wettability. While cotton maintains high thermal
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conductivity, wool retains low thermal conductivity up
to moisture regains of about 15% [1].

The conventional method of union dyeing (uniformly
dyeing or solid shade dyeing) requires reactive or acid
dyes for wool and reactive or direct dyes for cotton in
a two-bath process. However, the selection of compati-
ble dyes with a better colour match for union dyeing
of the blend, the preferential dye uptake by wool and
the alkaline sensitivity of wool remains of much con-
cern. In this regard, Ciba—Geigy have produced Ciba-
cron F dyes based on monofluorotriazine that fixes
well with cotton at low fixation temperature (60 °C)
and pH (9.5) and have applied these dyes in combina-
tion with Lanasol wool fiber reactive dyes in a two-
bath dyeing process [2].

Alternatively, one-bath dyeing method using one dye
would be of interest as it offers the desired union shade
together with energy saving. It has been reported that
Cibacron F dyes could also be applied for dyeing the
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blend in a one-bath process by firstly dyeing the cotton
component and then adjusting temperature and pH to
dye the wool component with the residual hydrolysed
dye that behaves like acid dyes [2]. On the other hand,
union dyeing of the blend with anionic dyes in a one-
bath dyeing process has been obtained after selective
chemical modification by pre-treatment of the cotton
to render it aminised or cationised so as to behave like
wool in the dyebath [1,3—11].

Bi-functional reactive dyes with sulphatoethylsul-
phone (SES) group and monochlorotriazine (MCT)
group have been developed and introduced to the
market on a commercial basis as the Sumifix Supra
(Fig. 1) range since 1979. The combination of both
warm and hot dyeing (60 °C, vinyl sulphone (VS) and
80 °C, MCT, respectively) reactive groups within the
same molecule allows higher fixation to be obtained
with very good ‘temperature range’ properties, i.e. a sim-
ilar colour yield is obtained when dyeing at temperatures
between 60 and 80 °C. Furthermore, this type of dyes
has a wide pH range (9.5—11.5) of fixation onto cotton

that would give the optimum levelness [12—14]. Optimum
dyebath pH, respectively, is reported to be between 4
and 5 [15] and between 5 and 6 [16] for the reaction of
wool with MCT and VS groups present in mono func-
tional reactive dyes. These combined properties in Sumi-
fix Supra dyes have led to a conventional application of
these dyes in a two-bath process for union dyeing of cot-
ton/wool blends [12].

In the previous part of this paper [17], which exam-
ined the use of sodium edate in the dyeing of cotton
with reactive dyes, it was found that sodium edate sub-
stantially acted as an exhausting and fixing agent for re-
active dyeing of cotton. Sodium edate is majorly used in
cosmetic formulations as it is environmentally safe and
non-toxic biodegradable organic salt [18]. As a part of
our ongoing interest in exploring the viability of using
sodium edate in dyeing, we wish to report in this work
the dyeability of cotton/wool blend fabrics with Sumifix
Supra dyes. Different factors affecting dyeability using
both two-bath and one-bath dyeing processes and fast-
ness properties were thoroughly investigated.
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Fig. 1. Structures of dyes and sodium edate.
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2. Experimental
2.1. Materials

2.1.1. Cotton/wool blend fabric

Knitted cotton/wool, 70/30, blended fabric of 310 g/m?,
supplied by Golden Tex Co., Tenth of Ramadan-
Egypt, was initially treated in an aqueous solution
with a liquor ratio 50:1 containing 0.5 g/l sodium car-
bonate and 2 g/l non-ionic detergent (Hostapal CV,
from Clariant—Egypt) at 60 °C for 30 min, after which
time it was thoroughly rinsed and dried at room
temperature.

2.1.2. Dyestuffs and chemicals

The hetero bi-functional MCT/SES reactive dyes
used (Fig. 1) were Sumifix Supra Yellow 3RF (CI Reac-
tive Yellow 145), Sumifix Supra Brilliant Red 3BF (CI
Reactive Red 195), and Sumifix Supra Brilliant Red
2BF (CI Reactive Red 194), from Sumitomo. All dyes
were of commercial grade and were used as received.
Sodium edate (SE) was purchased from Fluka (Germany).
Albegal A, an amphoteric levelling agent was supplied
by Ciba. All other chemical reagents, namely sodium
sulphate (SS), ammonium sulphate and sodium carbonate,
were of laboratory grade.

2.2. Dyeing procedure

All dyeings were carried out using CI Reactive
Yellow 145 of 3% owf unless otherwise specified in dis-
tilled water with a liquor ratio 20:1. The selected dye-
ing conditions were then applied for all dyes. The
reactive dyes were applied to cotton/wool blend using
two-bath and one-bath dyeing methods as indicated
in Fig. 2.

2.2.1. Two-bath dyeing

2.2.1.1. Wool dyeing. Dyes were first applied to wool
component (2 g samples) using 1% owf Albegal A, 5%
owf ammonium sulphate and 3% dye. Samples were in-
troduced into the dyebath at 50 °C and the temperature
was raised to 98—100 °C over 40 min, then the pH of the
dyebath was adjusted to 4.5 by diluted acetic acid and
the dyeing continued at the boil for a further 60 min.
After which time, the dyebath temperature was reduced
to 60 °C, and then the samples were removed from the
dye pots, rinsed in cold water and warm water for
10 min. The dyed sample (2 g) was divided into two
pieces, each of 1 g sample. One piece of the dyed sample
was stripped under refluxing with 50% aqueous dime-
thylformamide (DMF) solution at a liquor ratio of

20:1 for 15 min until all the unfixed dye was removed.
The other piece was subjected for dyeing cotton.

2.2.1.2. Cotton dyeing. In a dyebath containing different
amounts of SS (0—50 g/1) and 3% dye, cotton/wool sam-
ples (1 g) of a pre-dyed wool component was introduced
at 35 °C and the dyeing was carried out at this temper-
ature for 15 min, then various amounts of SE (0—50 g/1)
were added while the temperature was raised to 60 °C
unless otherwise specified over 20 min. After which
time the dyeing was continued at 60 °C for a further
60 min. On other hand, the recommended conventional
dyeing (CM) procedure [12] was employed as a control
for the experiments, i.e. dyeing cotton in the presence
of 50 g/ SS at 35 °C for 15 min, then 10 g/l sodium car-
bonate was added in portions while the temperature was
raised to 60 °C. The dyeing continued for a further
60 min, then the samples were rinsed and striped with
50% aqueous DMF as mentioned above.

2.2.2. One-bath dyeing

CI Reactive Yellow 145 was applied to cotton/wool
blend at a liquor ratio 20:1 with 50 g/ SS and 1% owf
Albegal A. The dyebath was set at 50 °C. The tempera-
ture was raised to the boil, then the pH was adjusted to
4.5 using acetic acid and the dyeing continued for
30 min. The temperature was then reduced to the desired
temperature of 50—80 °C at which 0—50 g/l SE was
added in portions over 15 min. The dyeing was continued
at the desired temperature for further 45 min. The dyed
samples were rinsed and striped with 50% aqueous
DMF as mentioned above.

2.3. Measurements and analyses

2.3.1. Dye exhaustion

The uptake of the reactive dye by cotton or wool in
the blend fabric was measured by sampling the dyebath
before and after the dyeing. The concentration (g/l) of
the dyebath was measured on Shimadzu UV-2401PC
UV/visible spectrophotometer at Ay, of the dye. The
percentage of the individual dye exhaustion on wool
(%E,) and cotton (% E,.) was calculated using Egs. (1)
and (2), respectively:

% Ey= (1 —9>><100 (1)
G

%E,= (1 —g> X100 (2)
G

where C; and C, are the concentrations of dye in the
dyebath before and after dyeing wool component in
the blend fabric, respectively, and C; and Cy4 are the con-
centrations of dye in the dyebath before and after dyeing
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35°C
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A =LR 20:1, 1-5 % dye shade, 2 g fabric, 1 % Albegal B, 5 % ammonium sulphate

B = Acetic acid for pH 4.5
C = Cold and warm rinsing

D =LR 20:1, 1-5 % dye shade, 1 g pre-dyed fabric (wool component), SS (0-50 g/1)

E = SE (0-50 g/l) dosing over 20 min
F = Rinsing and soaping
CM, two-bath at 60°C

D'=LR 20:1, 3%dye shade, 1 g pre-dyed fabric (wool component), SS (50 g/1)

E'=10 g/l Na,CO, dosing over 20 min
F = Rinsing and soaping

One-bath dyeing
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C
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SE, one-bath

A =LR 20:1, 1-5 % dye shade, 2 g fabric, 1% Albegal B, 50 g/1 SS

B = Acetic acid for pH 4.5

C = Cooling to the desired temperature

D = SE (0-50 g/1) dosing over 15 min

E = Rinsing and soaping

Fig. 2. Dyeing profile methods for reactive dyes used.

cotton component in the blend fabric, re- was calculated using Eqgs. (4) and (5), respectively
spectively. [19,20]:

By measuring the concentrations of the dye used in
the dyeing process, the percentage of the dye exhaustion
on the blend (%E,y) at the end of dyeing could be cal-
culated using Eq. (3):

(C+C3) —(Cr+Cy)

YE /w=
0%/ (C1+Cs)

X100

3)

2.3.2. Dye fixation

The dye fixation ratio (% F'), the percentage of the ex-
hausted dye chemically bound on the blend fabric, was
measured by refluxing the dyed samples in 50% DMF
(liquor ratio 20:1) for 15min to extract the unfixed
dye. This procedure was repeated until the extract was
clear. The concentration of the extract was then mea-
sured spectrophotometrically at A,,,x and the percentage
dye fixation ratio (% F) on wool and cotton components

Ci—C—CGCs

% F, = X 100
’ Ci -G

4)

Cy— Cy— (Co— Cs)

X100
Ci—Cy

%F,= (5)

where Cs is the concentration of the extracted dye after
dyeing wool, and Cg is the concentration of the ex-
tracted dye after complete dyeing of cotton/wool blend.

The percentage of the dye fixation ratio on the blend
fabric after extracting the dye could be calculated using

Eq. (6):

(C1+C3) = (C2+Cy) — C

YoFew=
0T/ (C1+GC3) — (C+Cy)

X100

(6)

From the dyebath exhaustion (£) and dye fixation
ratio (F), the total dye fixation (7'), which is the
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percentage of dye chemically bound relative to the total
amount of dye used, was calculated for dyeing wool
(%T,,) and cotton (%7T.) components using Egs. (7)
and (8), respectively [19,20].

(Y EyX %Fy)

/ 100 ™
(% E. X %F,)

o0 j—

T, == (8)

After complete dyeing process, the total dye fixation
on the blend fabric (%7,,) could be calculated using
Eq. (9):

O/OEC/W X O/OFC/W)

o7 I
Yo Tew 100 9)

2.3.3. Levelling properties

Levelling properties of dyed blend fabrics using 3%
owf dye applied at the selected dyeing conditions for
all dyes were assessed on a GretagMacbeth Colour-
Eye 7000A spectrophotometer by measuring the colour
differences within each sample at five separate points
and the average colour difference (AE) between these
points was determined [21,22].

2.3.4. Fastness testing

The dyed samples were tested, after washing-off using
2 g/l non-ionic detergent (Hostapal CV) at 85 °C for
15 min, according to ISO standard methods. The specific
tests were: ISO 105-X12 (1987), colour fastness to rub-
bing; ISO 105-C02 (1989), colour fastness to washing;
and ISO 105-E04 (1989), colour fastness to perspiration.

3. Results and discussion

It is of interest to dye cotton/wool blend fabrics using
hetero bi-functional reactive dyes with union shade. It is
anticipated from the structure of SE (Fig. 1) that this
compound in addition to its confirmed viability as ex-
hausting and fixing agent in reactive dyeing of cotton
[17], it may have the feature of being a mild organic
base with a capacity of buffering action in the dyebath
owing to its content of tetra sodium acetate derivatives.
Additionally, SE structure is somewhat similar to wool
structure regarding the amino acids content of wool
and thus intimate interaction would be expected. Fur-
thermore, the sequestering effect of SE by capturing
metal ions, such as calcium or magnesium [23] that
could be otherwise absorbed by wool component during
the dyeing process prevents dye precipitation leading to
better union dyeing of the blend. This structural feature

would help fixation of reactive dyes onto cotton/wool
fabrics with a better fixation rate that helps better for
level dyeing. In this regard, different factors that may af-
fect the dyeability of the blend using two-bath as well as
one-bath dyeing techniques are investigated.

3.1. Effect of SE concentration in the presence
of 50 g/l SS

The effect of SE concentration on the dyeability of
the blend fabrics with CI Reactive Yellow 145 was con-
ducted at different concentrations (0—50 g/). Fig. 3
shows the exhaustion and total fixation on cotton com-
ponent and the comparative results of the cotton/wool
blend using two-bath and one-bath dyeing methods. It
is clear that increasing the salt concentration from 0 to
10 g/1 leads to a pronounced effect on the dye uptake
for both dyeing methods and further increases, however,
leads to a marginal increase. This result reflects the find-
ings that SE acts as exhaustive and fixing agent.

3.2. Effect of SS concentration in the presence of
50 g/l SE

It is known that dye migration from the dyebath into
the fiber is an entropy favorable process and adding
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Fig. 3. Effect of sodium edate on the exhaustion and total fixation of
CI Reactive Yellow 145 on cotton/wool blend fabrics.
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Fig. 4. Effect of sodium sulphate concentration on the exhaustion and
total fixation of CI Reactive Yellow 145 on cotton/wool blend fabrics.

neutral electrolyte, such as SS, would further assist this
process for a better dye uptake. Fig. 4 shows that the
dye exhaustion and total fixation values for the dyed
samples obtained using a two-bath dyeing method are
slowly increasing with the increase in SS concentration.
In part one [17] of this work, it was concluded that the
colour strength values of dyed cotton samples with
mono and homo bi-functional reactive dyes using SE
are independent of the concentration of SS added due
to the high exhausting effect of SE and its alkalinity
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Fig. 5. Effect of temperature on the exhaustion and total fixation of CI
Reactive Yellow 145 on cotton/wool blend fabrics.
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Fig. 6. Effect of CI Reactive Yellow 145 concentration on the exhaus-
tion and total fixation on cotton/wool blend fabrics.

which as well favor more dye uptake on cotton. However,
in the present work it seems that the slight improve-
ment in the dye uptake upon increasing SS concentra-
tion may be attributed to the strong overall negative
charge on the pre-dyed wool present in close proximity
to cotton component. The anionic character of dye
molecules seems to suppress the exhausting effect of
SE. Thereby, an additional SS is necessary for modify-
ing the equilibrium and favoring the movement of dye

molecules from the solution to the cotton component
in the blend fabrics.

3.3. Effect of temperature

Fig. 5 shows the effect of dyeing temperatures (50, 60,
70, 80 °C) on the dye uptake using two-bath and one-
bath processes in the presence of 50 g/l SS and 50 g/l
SE. An increase in the exhaustion of CI Reactive Yellow
145 on the blend fabrics is observed as the dyeing tem-
perature increased from 50 to 60 °C. However, increas-
ing the temperature from 60 to 80 °C was accompanied
by a successive decrease in the exhaustion and total
fixation values for both methods. It is known that
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Fig. 7. Comparative total fixation of different dyes on cotton/wool blend fabrics using different dyeing methods.

increasing the temperature allows the swelling of the
blend fibers, which leads to a higher dye uptake. The re-
sults indicate that 60 °C is the suitable temperature for
dyeing, at which temperature a proper reaction between
the dye bi-functional VS/MCT reactive system with
cellulose through both VS and MCT groups is performed.
On the other hand, increasing the dyeing temperature
from 60 to 80 °C would be expected to reduce the reac-
tivity level of the VS group by hydrolysis, and therefore
the exhaustion and fixation yield would also decrease.

3.4. Effect of dye concentration

Exhaustion and total fixation of CI Reactive Yellow
145 at different concentrations (1—5% owf) were inves-
tigated in a one-bath and two-bath dyeing methods at
60 °C and in the presence of 50 g/l SS and 50 g/l SE.
Fig. 6 shows that exhaustion and total fixation decrease
with increasing dye concentration. This result can be ex-
plained as follows. As more dye becomes fixed to the
fabric, the net negative charge on the fabric increases
with the increasing concentration of sulphonate groups

0.6

0.4

AE

0.2 H

present on the dye. At higher concentration of dye the
electrostatic repulsion between the negatively charged
dye and the dyed fabric increases, resulting in a lower
proportion of dye fixation. Additionally, the number
of available sites present on the fibers reduces and com-
petitive hydrolysis increases.

3.5. Application with different dyes

Having the selected edate dyeing conditions of 3%
owf dye, 60 °C, 50 g/1 SS and 50 g/1 SE, it was desirable
to apply other Sumifix Supra dyes, namely CI Reactive
Red 194 and CI Reactive Red 195 together with CI Re-
active Yellow 145 for union dyeing of cotton/wool blend
fabrics to have a comparative dye uptake values between
SE two-bath, SE one-bath, and CM two-bath methods.
Comparison of the dye uptake values for the three dyes
using CM two-bath with those obtained using SE two-
bath dyeing method reveals that SE two-bath method
is giving the best results in all parameters of dye uptake
for all dyes. This result emphasizes the viability of using
SE in place of sodium carbonate for better union dyeing.

Il CM, two-bath
D SE, two-bath
[] SE, one-bath

RR194 RR195 RY145
Reactive dyes

Fig. 8. Average colour differences (AE) of dyed cotton/wool fabrics using different dyeing methods.
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Table 1

Exhaustion and total fixation values for CI Reactive Yellow 145, CI Reactive Red 194, and CI Reactive Red 195 using 3% owf dye applied at the

selected dyeing conditions of each dyeing method

Reactive dyes® Two-bath dyeing method

Exhaustion and total fixation (%)

Ew Tw Ec Tc Ec/w Tc,’w

RY 145 (Anax, 419 nm) CM 83.0 68.5 73.5 60.0 75.5 62.0
SE 83.0 68.5 82.0 67.5 84.0 70.0

RR194 (Apax, 518 nm) M 85.5 75.0 70.5 62.5 78.0 68.5
SE 85.5 75.0 76.0 67.0 81.5 71.0

RR195 (Amax, 519 nm) M 86.0 75.5 75.5 67.0 81.5 72.0
SE 86.0 75.5 78.5 69.5 83.5 74.0

2 Molar extinction coefficients are 0.0155, 0.0234 and 0.0224 mg~' Lcm ™' for RY145, RR194, and RR195, respectively.

Furthermore, performing union dyeing for the blend
using SE by one-bath process also affords good results
of the dye uptake relative to SE two-bath and CM
two-bath methods, as shown in Fig. 7.

3.6. Levelling properties

The levelling properties of the blend fabrics dyed with
the three dyes using 3% owf shade are given in Fig. §,
from which it is clear that the average colour differences
(AE, calculated from the CIE L*a™b™ coordinates) of
the dyed blend fabrics show good levelling properties
in all cases. However, it is indicated that samples ob-
tained by SE one-bath method has the best levelling
properties relative to those obtained by SE two-bath
and CM two-bath methods for CI Reactive Yellow
145 and CI Reactive Red 195. Special comment about
the anomalous levelling results of CI Reactive Red 194
may be as follows. The structural feature of CI Reactive
Red 194 and CI Reactive Red 195 as they exist predom-
inantly in hydrazone forms [24] makes them different in
affinity toward the blend fabrics especially its cotton
component. It is anticipated that hydrazone form would
make these dyes more rigid with a better coplanarity rel-
ative to CI Reactive Yellow 145. Such properties make

Table 2

these dyes more substantive toward cotton component.
Also, comparing the coplanarity of CI Reactive Red
195 with that of CI Reactive Red 194 would suggest
that CI Reactive 195 is more coplanar and thus could
be more substantive to cotton component of the blend
relative to CI Reactive Red 194. It has been reported
that substantivity tends to be incompatible with the dif-
fusibility of the dye [25]. In this context, CI Reactive
Red 194 seems better in diffusibility than CI Reactive
Red 195 owing to its smaller size. On the other hand,
the apparent tinctorial strength as indicated in the foot-
note of Table 1 for the three dyes may in part indicate
that the dye content of CI Reactive Red 194 is higher
than the dye content of CI Reactive Yellow 145. There-
fore, the apparent higher diffusibility and higher dye
content of CI Reactive Red 194 have led to lower level-
ling results in comparison with other dyes.

3.7. Fastness properties

As shown in Table 2, the fastness tests of washing,
rubbing and perspiration of samples that had been
dyed with the three dyes are excellent to good and are
the same irrespective of the dyeing method and depends
on the proportion of the dye fixed.

Fastness properties of CI Reactive Yellow 145, CI Reactive Red 194, and CI Reactive Red 195 hetero bi-functional reactive dyes applied on cotton/

wool blend at 3% owf dye concentration using different dyeing methods

Dye Dyeing method Rubbing Washfastness Perspiration
Dry Wet Alt SC SW Alkaline Acidic
Alt SC SwW Alt SC SW
RY145 CM two-bath 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
SE two-bath 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
SE one-bath 4-5 3—4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
RR19%4 CM two-bath 4 3—4 4-5 4 4-5 4-5 4-5 4-5 4-5 4 4-5
SE two-bath 4-5 3—4 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5
SE one-bath 4 3—4 4-5 4 4-5 4-5 4-5 4-5 4-5 4 4-5
RR195 CM two-bath 4 3—4 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5
SE two-bath 4 3—4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
SE one-bath 4 3—4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
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4. Conclusion

The dyeability of cotton/wool blend fabrics with hetero
bi-functional reactive dyes using sodium edate in the
dyebath was investigated using three different dyeing
methods. The results indicate that sodium edate two-
bath and one-bath techniques were the best relative to
the two-bath conventional dyeing method. This success
in process optimization for better union dyeing of cotton/
wool blend would suggest the viability of its application
in industrial scale. Future work is being in progress for
further exploration for the use of sodium edate in
dyeing.
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