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Bulk-scale dyeing trials on three different types of acrylic
fibre are described. Basic dyes were applied under conditions
predicted to give a borderline degree of unlevelness, follow-
ing earlier laboratory work [1-3] intended to determine
the relative importance of different factors which control
level dyeing in this system, The results of the dyeing trials
are discussed in this context and an attempt is made to
attribute the effects observed to specific causes of unlevel
uptake of dye.

INTRODUCTION

Recent investigations of the dyeing of acrylic packages with
basic dyes have been concerned with the response of dyeing
kinetics and degree of unievelness to various factors. Those
discussed included: rate of temperature rise [1,2], fiow rate
and package density [1], substrate type, dye and cationic
retarder [2], package geometry and type of package support
[3]. In the course of this work it was decided that a series of
bulk-scale trials should be carried out on several acrylic
fibre types, in order to evaluate on a larger scale some of the
conclusions emerging from the earlier work.

EXPERIMENTAL

The experimental approach was similar in principle to that
described fully in the earlier publications. Dyeing conditions
were selected to give approximately borderline acceptability
for degree of unlevelness, based on the previous single-
package dyeings, so that readily measurable results would be
obtained within an order of magnitude representative of the
region of commercial tolerances. High-bulk acrylic yarn pack-
ages, spun on the worsted system from Cashmilon {Asahi
Chem. Ind.}, Exlan DK (Toyo Spinning) and Orlon (DUP),

were carefully prepared for these trials according to the
specification noted earlier [2].

The dyeings were carried out on a fully-automated Vald
Henriksen GRU 35 HTB machine, which contains eight
spindles, each capable of taking seven packages. Each pack-
age had dimensions of 25 cm external diameter, 65cm in-
ternal diameter and 14 ¢cm height when press packed on to
the spindle, giving a total volume of 359 litres of yarn. The
package density of the Orlon packages {each 1.36 kg) was
0.212 kg/l and that of the Cashmilon and Exlan packages
{each 1.54 kg) was 0.24 kg/l. The dyebath liquor volume
was 1200 litres, giving a liquor ratio of 14:1 for Cashmilon
and Exlan {each 86 kg loads) and 16:1 for Orlon (76 kg).

In the earlier investigation [1] of the influence of flow
rate (F), package density {P), and rate of temperature rise
{R) on the measured degree of unlevelness (M), the following
empirical equation was obtained to express this relationship
on Exlan:

39.3

M =T+5.3P+1.SR—-1.93

At the known liquor flow rate of 40 I/kg/min and the
borderline condition for degree of unlevelness (M = 1.9),
the column densities already noted, by substitution in the
equation above, gave predicted values for the critical rate
of temperature rise of 1.05°C/min (Cashmilon and Exlan)
and 1.15°C/min (Orlon) respectively. Bearing in mind that
this calculation involved an extrapolation from Exlan to the
other two fibre types, as well as transfer of the prediction
from data obtained with a single-package Obermaier machine
to bulk-scale conditions in the b6-package Henriksen
machine, it was decided that a rate of temperature rise of
1°C/min would be programmed for all three of the bulk-
scale dyeings, so that the results on different fibre types
could be compared directly. Liquor circulation was main-
tained from inside to outside of the packages throughout the
dyeing cycle.

The dyebath was set at 85°C with the following chemicals:
1.2 ml/l acetic acid, 0.4 ml/l sequestering agent, 0.04 ml/I
antifoam emulsion. The cationic retarder was also added, at
the concentration calculated to give satisfactory exhaustion
when the dyebath temperature reached 100°C (i.e. Cashmilon
1.93%, Exlan 2.49%, Orlon 1.73%). After circuiation for b
min at 85°C, the dyes required {0.838% C.I. Basic Yellow 63,
0.388% C.I. Basic Blue 3) were added to give an emerald
green colour suitable for sensitive assessment of the degree
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of unlevelness by either visual or instrumental means. Cir-
culation was continued for a further 12 min at 85°C: this
hold period had been specified following a preliminary experi-
ment in which the time for a prepared dye solution to be
transferred from the expansion chamber to the dyeing
vessel in the absence of yarn packages had been determined.
In view of the rapid rate of temperature rise programmed for
these dyeings, it was essential to ensure uniform distribution
of the dye solution within the dyeing machine before com-
mencing the temperature-rise stage.

The amount of antifoam used was inadequate to control
the foaming caused by desorption of lubricant from the
Exlan yarn during the initial heating stage and this interfered
with circulation to some extent. Examination of the load of
Exlan packages after dyeing showed that significant distor-
tion of package shape had taken place in the columns, pos-
sibly owing to the unsatisfactory flow conditions in the
initial temperature rise and subsequent hold period at 85°C.
Alternate packages on each spindle were observed to bulge
outwards on opposite sides of the column, giving a wedge-
shaped appearance to each dyed package. These problems
were not evident during the dyeings of Cashmilon and Orlon,
which proceeded without incident.

After raising the temperature from 85°C to 100°C at 1°C/
min, a second hold period for 10 min at 100°C was given and
then the dyebaths were cooled to 50°C at 1°C/min and the
yarn was washed and dried. Samples of the dyebaths were
taken at intervals during the dyeing cycle for subsequent
estimation of rates of dyeing of the component dyes. The
most rapid and dissimilar rates of dyeing were observed in
the Cashmilon dyeing, where Bilue 3 showed an average rate
of uptake of 2.62% exhaustion per circulation, compared
with 1.87% per circulation for Yellow 63. On Exlan and
Orlon the corresponding dyeing rates were in the range 0.5—
1.25% per circulation. Nine dyed packages were sampled
from each load of dyed yarn, marked according to location
within the load {top and bottom of each alternate spindle
and the middle package of one of these sampled spindles}
and knitted into panels for visual and instrumental assess-
ment of unlevelness.

DISCUSSION

Visual assessment of the knittings prepared from the dyed
packages was carried out as described previously [1,2].
The four assessors were unanimous in assessing the Orlon
dyeing as level (within commercial tolerance limits) and the
Cashmilon and Exlan dyeings as unlevel {completely unac-
ceptable in this respect).

Two independent methods of instrumental measurement,
the Pretema Spectromat and the ICI Colour Difference
Meter, were employed as before [1,2] to obtain numerical
expression of the relative degree of unlevelness of the three
bulk dyeings and of individual packages within each load.
Table 1 indicates the relative unlevelness with respect to
variation of strength, as expressed in terms of the coefficient
of variation of (a) the Spectromat Integ Value [4] and (b)
the CDM Colour Yield, of the eighteen panels {inside and

TABLE 1

Variation of Colour Strength Through the Load

TABLE 2
Mean Difference in Strength Within Packages

Mean Difference in Strength

Dyeing Spectromat Integ  CDM Colour
Value Yield
Exlan 1.47 4.20
Cashmilon 0.46 1.10
Orlon 012 0.30

outside regions of the nine packages) in the knitting prepared
from each dyeing.

It is clear from the coefficients of variation given in
Table 1, that the Exlan dyeing shows much more variation
in terms of colour strength than the other two dyeings. This
is confirmed in Table 2, which compares the mean values
for the difference in strength between the inside and outside
of each package in the load, as expressed in terms of the
Spectromat Integ Value and CDM Colour Yield measured on
the individual panels. Table 3 confirms the same trend in
terms of the levelling factor for the load (the ratio of the
lowest to the highest value measured in the series of eighteen
measurements for each dyeing).

If a measure is taken of the variation of hue within each
ioad, such as the Spectromat Hue Angle or the CDM Hue
Difference, which are used to derive the coefficients of
variation and mean hue differences in Table 4, the three
dyeings are ranked in a different order. On this basis of com-
parison of relative degree of unlevelness, the Cashmilon dyeing
shows considerably more variation than the Exlan and Orion
dyeings.

It is evident that the main cause of unlevelness of the
Exlan dyeing is a variation in colour strength that is relatively
independent of the dyeing rates of the two dyes. It can be
attributed to the deviation from ideal flow conditions which
resulted in-distortion of the shape of the packages on each
spindle, as already mentioned earlier. This type of fault,
arising from non-uniform package densities and flow rates
within the column of yarn packages, would be expected to
manifest itself as a variation in total concentration of dye in
different regions of the substrate, rather than variations in
the ratio of the two dyes present.

The unlevelness of the Cashmilon dyeing, on the other
hand, is clearly the result of the relatively rapid adsarption
on Cashmilon and the marked difference in dyeing rates of
the two dyes, since the fault is largely one of hue variation
rather than a concentration effect. There was no evidence of
package distortion in this case and the conditions of flow
through the column of packages would therefore be suffi-
ciently rapid and uniform to avoid the formation of unac-
ceptable variation in colour strength through the load. The
Orlon dyeing combined the virtues of a slow average rate of
dye uptake, a relatively smaller difference in dyeing rate
between the two dyes, and sufficiently uniform package

Spectromat Integ Value CDM Colour Yield
Dyeing Arith. Mean Coeff.of Arith. Mean Coeff. of
Mean Deviation Variation Mean Deviation Variation
Exlan 2340 0.887 3.79 106.0 3.110 2.96
Cashmiton 17.49 0.414 2.37 99.7 1.336 1.34
Qrlon 16.26 0.274 1.68 996 1.167 1.17
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TABLE 3

Values of Levelling Factor for Each Dyeing

Spectromat Levelling CDM Colour
Integ Value Factor Yield
Dyeing Max. Min. Max. Min.
Exlan 26.55 21.35 0.80 113 100
Cashmilon 18.60 16.87 0.9 103 96
Orlon 16.83 15.56 0.92 102 98
TABLE 4

Variation of Hue Through the Load and Within Packages

Levelling
Factor

0.88
093
096

Spectromat CDM Hue Mean Hue Difference
Hue Angle Difference in Packages
Dyeing
AM MD cv AM MD CV Spectromat CDM HD
HA
Cashmilon 168.9 0.772 0.457 0.383 0.672 175 1.64 1.34
Exlan 169.2 0.433 0256 0.433 0.367 85 0.64 0.71
Orlon 169.3 0.244 0.144 0.201 0.200 100 0.24 0.18
AM = Arithmetic Mean MD = Mean Deviation  CV = Coeff. of Variation
HA = Hue Angle HD = Hue Difference
TABLES
Levelling Factors for Individual Packages
Cashmilon Exlan Orlon
Spectromat Integ Spectromat Integ Spectromat Integ
Package/Spindie Max. Min. L Max. Min. L Max. Min, L
Top/A 1794 17.36 0.97 2496 22.67 091 16.24 15.56 0.96
Middle/A 17.90 17.80 0.99 2655 2243 084 16.08 15,74 0.98
Bottom/A 1697 1690 1.00 23.16 22.77 098 16.21 1599 0.89
Top/B 1711 1709 1.00 2421 2273 094 16.36 16.17 0.99
Bottom/B 1729 16.93 0.98 23.62 2238 085 16.68 16.56 1.00
Top/C 18.03 16.87 0.94 2340 21.35 0.9 16.36 15.78 0.96
Bottom/C 18.31 1719 094 23.75 23.28 0.98 16.50 16.23 0.98
Top/D 1754 17.43 0.99 2423 2193 0.9 16.70 16.16 0.97
Bottom/D 18.60 1760 094 2450 23.36 095 1683 16.68 0.99
CDM Colour Yield C5M Colour Yield CDM Colour Yield
Max. Min. L Max. Min. L Max. Min. L
Top/A 100 97 097 112 103 092 98 98 1.00
Middle/A 100 96 0.96 113 103 091 98 98 1.00
Bottom/A 99 97 0.98 107 104 0.97 101 98 0.97
Top/B 100 98 0.98 108 104 096 101 99 0.98
Bottom/B 101 98 0.7 104 101 0.97 100 89 0.99
Top/C 102 100 0.98 106 100 0.94 100 99 099
Bottom/C 101 100 0.99 106 104 0.98 102 101 0.99
Top/D 103 101 0.98 109 107 0.93 100 29 0.99
Bottom/D 101 100 0.99 109 100 0.92 102 100 0.98

density through the column to ensure satisfactorily uniform
and rapid flow conditions. This accounts for the satisfactory
degree of levelness of the Orlon dyeing, as assessed by both
visual and instrumental methods.

There were no obviously meaningful trends in distribution
of unlevelness at different positions within each load of 56

packages. Table 5 lists the Spectromat Integ Value and CDM
Colour Yield data for the nine individual packages. There is
an apparent tendency for higher levelness factors to be ab-
served for the bottom packages near the base of each spindie
in the Exlan dyeing, but this may only reflect a greater
degree of package distortion nearer the middle and top of
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each spindle in that instance. There was no evidence of such
a directional effect in the other two dyeings. It seems likely
from earlier work [2] that many of the random differences
in levelness factor from package to package, unrelated to
position of the package in the machine, are attributable to
short-term variation in dye affinity of the acrylic fibre. The
Orlon dyeing appears to be the most uniform in this respect.

The dyeing conditions selected for the bulk-scale dyeings
described were based on earlier single-package laboratory
dyeings on Exlan. The ramp of 1°C/min was predicted to
give conditions in the vicinity of borderline unlevelness,
derived by substitution of appropriate values for liquar
flow rate and package density in the empirical equation ob-
tained earlier [1]. This derivation, however, involved fess
predictable extrapolations from Exlan to Cashmilon and
Orion, as well as from the single-package Obermaier to the
56-package Henriksen machine. Package distortion arising
from interference with regular fiow conditions in the Exlan
dyeing and also more rapid adsorption and incompatibility
of the dyes on Cashmilon, caused unlevelness problems
more severe than predicted by the empirical equation. The
more favourable combination of uniform flow and slower
adsorption on Orlon, however, kept the dye distribution
on the acceptable side of borderline unlevelness in that
case, as confirmed by visual assessment. To achieve a con-
sistent standard of acceptable levelness when dyeing acrylic
yarn packages of density 0.2—-0.25kg/l at a ramp approach-
ing 1°C/min with typical flow rates in the region of 40 I/ka/
min, it is apparent that there is little margin for error or

miscalcuiation. All control factors must be taken into ac-
count if attempts are made to operate close to the critical
region in the interest of higher productivity.

CONCLUSION

Previous laboratory studies [1,2] and the buik-scale dyeings
described above have confirmed that significant improve-
ments in productivity are possible by adopting a faster rate
of temperature rise {ramp} when dyeing acrylic yarn in pack-
age form, providing other factors are satisfactorily controlled.
The appropriate ramp can be predicted from its known rela-
tionship with package density and rate of liquor fiow. For a
given package prepatation technigue and a specific dyeing
machine, the package density of the yarn and the flow rate
will usually remain constant from batch to batch. It is also
essential to make a selection of compatible dyes capable of
covering short-term dye-affinity variation in the yarn and to
calculate the corréct quantity of a suitable retarder in order
to ensure a controlled rate of dyeing and a satisfactory
degree of exhaustion.
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