COMMUNICATIONS

Damage to Wool during Stock-dyeing.
Il — Reduction of Damage by a Modified

Dyeing Technique

R L Holmes-Brown, E J Wood and G A Carnaby

Wool Research Organisation of New Zealand Inc
Private Bag

Christchurch

New Zealand

Practical stock-dyeing trials using different liguor pressures
and temperatures have confirmed that fibre damage is
greater when the pressure is high. The effect was shown
clearly by the differences found in the strength of fibre
bundles and in yarn extensibility. Processing efficiency
might also be expected to be affected and in fact variations
in the amount of carding waste were found which correlated
with fibre strength. It appears to be practicable to operate
a dyeing machine at a lower pressure (and temperature)
without loss of production or dyeing efficiency. Suitable
means of achieving this have been devised leading to less
damage to the wool and so to substantial savings in
subsequent processing.

INTRODUCTION

Fibre damage during dyeing is a potentially serious problem
wherever it ocecurs in any wool processing sequence. The
consequences of damage are particularly serious in stock
dyeing as damage to fibres at this stage results in increased
breakage and waste during carding and poor performance in
later processes.

It has been shown that, in addition to being damaged
chemically, woo!l fibres may be damaged physically as a
result of severe bending prior to and during stock dyeing
[1-4]. The bent fibres may crack and splitat the ends during
dyeing. On the other hand they may remain intact but with
the sharp bends set in the fibres. In the latter case the fibres
will tend to break at the bends during carding, due to con-
centration of stress on the inside of the bend on straightening.
In both cases the fibres are weaker as a result of having been
dyed while bent.

The severity of the bending and the consequent damage
were found to be determined by the degree to which fibres
were compressed during the dyeing operation [4]. This can
be affected by the amount of wool which is packed into the
dyeing machine, but is mainly related to the pressure exerted
on the wool by the circulating liguor. In order to minimize
fibre damage it is therefore necessary to reduce this pressure
and to this end a processing trial has been conducted in a
commercial dyehouse and spinning plant.

DYEING

Materials and Method

A blend of loose wool for processing on the semi-worsted
system (2650 kg) was divided into 11 lots, 10 of which were
dyed in pairs under controlled conditions as described in
Table 1.

For all lots a 0.3% premetallized dye was used consisting of

Ortolan Yellow GNW (BASF) C.l. Acid Yellow 59
Ortotan Orange RNW (BASF) C.1. Acid Orange 39
Isolan Grey K—BRLS (BAY) C.l. Acid Black 140

with acetic acid to bring the pH to 5.5—6.0. As a light colour
was required no levelling agent was needed. A mothproofing
agent, 0.4% Eulan WA New (BAY), was added.

A schematic diagram of the dye vessel and the associated
pumping system is shown in Figure 1. The pressure of the
pump, A, was adjusted by means of a throttle valve, B, and
a preset temperature was maintained by a temperature
controller, C. The direction of the flow of liquor could be
reversed by a sliding valve, D.

The temperature and the differential pressure could not
be controlled precisely; the variation in the former could be
+3°C. The differential pressure varied during dyeing owing to
the effect of the liquor temperature on the circulating
pump characteristics; the pressure was high initially and
gradually decreased as the temperature rose. The pressure

TABLE 1
Dyeing Data
Batch Batch Dyeing Cycle Length  Circulation Bundle
Size Temperature {min) Pressure  Breaking
{(kg) °c) Exhaus- Total {kPa) Energy
tion {J/g)
1 2 x 240 105 20 b5 85— 60 205
2 2 x 240 105 20 60 40 227
3 2 x 240 95 30 h3 85— 65 224
4 2 x 240 85 30 55 40 24.3
5 2 x 340 105 20 53 100> 85 18.2
6 50 (not dyed — control}

1. The depth of shade for the dyeings was less than 0.5%.
2. A stamper loader was used to load batch b as it could not be done manually.

JSDC Volume 98 July/August 1982 243




¢

Figure 1 — The dye vessel and pumping system (see text}

for batches 2 and 4 did not change because the pump could
maintain a pressure above that determined by the control
valve. Commercial dyeings are normally carried out with
the pump unrestricted, as for batches 1, 3 and 5.

The wool was dried after being dyed and 50 kg samples
of each lot were taken for processing in the pilot plant.

Results
The dye exhaustion characteristics were determined by tak-
ing samples of dye-iquor twelve times during each dyeing.
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Figure 2 — Bundle breaking energy after dyeing at dif-
ferent pressures and temperatures. Undyed control = 33 J/y
O low pressure,; ® high pressure,; & very high pressure (stamper
loaded)
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Colorimetric measurements showed that although the exhaus-
tion rates varied according to the particular dyeing cycle
the final exhaustion of the dyebath was scarcely affected.
In general, reduction in circulation pressure reduced the rate
of exhaustion.

The effect of the different dyeing conditions on fibre
damage is clearly demonstrated by the values for fibre-bundle
strength shown in Table 1 and Figure 2. The commercial
significance of the differences between the lots can be
assessed by examining the performance of each batch in
processing and the properties of the yarns.

PROCESSING

The blending, carding, gilling, and spinning of the bulk of
the stock-dyed wool, in a commercial semi-worsted spinning
piant, was monitored continuously. The 50 kg samples
were processed at WRONZ under conditions which resembled
as closely as possible those used commercially.

Blending

To minimize ‘start-up’ effects on batches 1 to 4 (which were
to be compared for waste formation) blending and subsequent
processing of the batches were carried out in the order5, 1, 2,
3, 4. The machines could thus be set up and adjusted before
the critical lots were processed. Water and 0.3% {o.w.f.) of
Castrol SW spinning oil were added during blending. The
regain, oil content, and batch sizes are shown in Table 2.

TABLE 2

Carding Conditions

Batch  Oil Content (%} Regain (%) Batch Size
Pre-blend Blended Pre-blend 8lended Blended
{kg)
1 0.4 0.8 13.0 220 446
2 0.4 0.8 12.5 20.0 442
3 0.6 1.0 14.0 21.3 432
4 0.6 0.7 13.4 20.3 452
5 0.5 0.7 16.0 23.5 655
Carding

All batches were processed in sequence on a Mackie semi-
worsted card. The quantity of carding waste from each
batch is given in Table 3. The portion of the total carding
waste most easily monitored is the quantity of fibre drop-
pings under the card. The-fly, sweepings, and burr-beater
wastes were also collected and weighed. Although waste
measurements were subject to considerable variations of
indeterminate origin, the results do reveal a small but con-
sistent reduction in waste as a consequence of reduced dam-
age in dyeing. This amounted to a small difference in yield of
0.16% between batches 1 and 4, which represents asignificant
amount when taken as an indicator of waste levels
generally throughout processing. The results for batch 5
have not been included in Table 3 in view of the starting

TABLE 3
Carding Wastes
Batch Droppings Under Card  Total Carding Waste
(kg) (%) (kg) (%)
1 6.43 1.44 7.96 1.79
2 6.23 1.41 7.58 1.71
3 5.75 1.33 7.31 1.69
4 5.78 1.28 7.35 1.62




problem and the much larger batch size (a major variable
affecting the proportion of waste) which makes com-
parison difficult.

Gilling

The 33 ktex card sliver was converted under constant condi-
tions in three steps to a 6 ktex sliver for spinning. Gilling
wastes were small and no clear trend was apparent.

Samples of thrice-gilled sliver were taken to measure
the fibre length {Almeter) and the breaking strength of the
sliver. The latter was obtained by breaking the sliver on an
Instron tensile strength tester at a gauge length of 70 mm.
The results shown in Table 4 and Figure 3 indicate that the
sliver breaking energy was strongly affected by the pump
pressure and, to a lesser extent, by the dyeing temperature.
However, in commercial practice where a dyeing at 95°C
would be held for two ta three times as long as one at 105°C,
temperature may have a more important effect on the degree
of damage. There was a significant effect due to the high
loading and the consequent high liquor circulation pres-
sures used for batch 5. The overall trends are consistent with
the fibre properties as measured by the bundle breaking
energy (r=0.92).

The values for fibre length for the WRONZ slivers show
generally good agreement with those for sliver strength and
fibre bundle strength; thus they also reflect dyeing condi-
tions. In the mill-produced slivers the effect of damage during
dyeing was probably masked by the higher fibre breakage
occurring in high-production carding, and similar trends are
not apparent.

TABLE 4
Gilled Slivers
Batch Sliver Breaking Hauteur
Energy Mill  WRONZ
(J/g) {mm) (mm)
1 31 57.8 61.4
2 3.3 59.5 61.9
3 3.2 61.7 61.6
4 3.3 595 63.5
5 2.5 58.6 58.3
Control 71.7
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Figure 3 — Sliver breaking enerqy fas Figure 2)

Spinning

All the batches were spun in sequence on the same spinning
frame to 260 tex 160 Z. The spinning performance of each
batch was assessed by determining the end-break frequency
by monitoring each doff for 1—2 h and noting all breaks
{and their origin where possible), and collecting and weigh-
ing pneumafil and spinning-frame waste. The results were
determined mainly by operator efficiency, sliver irregu-
larities introduced during the gilling operation, and machine-
induced faults. Any differences that may have been due to
fibre properties were overshadowed by these extraneous
effects.

Yarn Properties

Samples of the mill-produced yarns taken from each batch
were tested. The results are given in Table 5. A number of
differences in the yarn properties are evident. However, the
most noticeable is the higher extension at break of yarns
spun from wool dyed using lower circulation pressures.
Increasing the pump pressure (and consequently the pack-
ing density) resuited in yarns having a significantly lower
extensibility; an increase in temperature also resulted in a
small reduction. The extension at break of the varn correl-
ated closely with the breaking strength of the fibre
bundles (r = 0.93). The yarn tenacity showed only minor
differences; these were not related to the fibre damage.

The corresponding results for yarns produced at WRONZ
are given in Table 6. The extensibility of the WRONZ
varns displays the same trends as that of the commercially
produced yarns (Figure 5; r = 0.96). The inclusion of the
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Figure 4 — Extension of yarns at break (as Figure 2)
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Figure 5 — Extension of WRONZ yarns at break (as Figure
2). Undyed control = 18.2%
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TABLE 5

Properties of Mill Yarns

Batch  Evenness Linear Density  Twist  Breaking Load Extension Tenacity Bulk
at Break
(U %) (tex) {t/m) {(kgf) (%) (kgf/tex) {cm®/g)
1 11.7 2561 172 1.48 8.1 0.00590 8.2
2 11.6 257 176 1.56 10.2 0.00607 7.9
3 12.2 237 170 1.42 8.4 0.00600 8.0
4 11.9 246 173 1.46 10.4 0.00593 80
5 13.6 244 173 1.47 6.8 0.00603 7.8
TABLE 6 a signal used to control the differential pressure at a set level.
The control signal, or output, may be used to vary the
Properties of WRONZ Yarns liquor pressure in a number of ways, such as:
(i) Restricting the flow by means of a variable throttle
Batch Linear Breaking Extension Tenacity valve on the pump outlet
Density Load at Break {ii} Redirecting part of the liquor through an alternative
(tex) (kgf) (%) {(kgf /tex) return path to the pump thereby by-passing the dye
1 269 1.64 103 0.00610 | vessel
2 251 1.52 115 0.00606 (iii) Reducing the pump speed by a variable-speed drive
3 957 156 105 0.00607 or. a motor-speed controller on the pump.
4 268 163 12.9 0.00608 Comblna_tlm_'ls of the§e or a.ltern?tive systems are also possible.
5 253 1.43 8.2 0.00565 Thg ch’o‘nce in any given situation will depend on the relative
Control 248 167 18.3 0.00673 availability, cost and ease of installation of each type.

values for the undyed control enables the magnitudes of
the differences to be compared. ‘Normal’ dyeing (batch
1} reduced extensibility to 56% of that of the undyed
sample, the most severe treatment (batch 5) reduced it to
45%, but dyeing under less severe conditions (batch 4}
resulted in a yarn with an extensibility egual to 71% of
that of the undyed control.

The tenacity values for batches 1—4 were about 90% of
the value for the undyed yarn, but in this case the value
for yarn from batch 5 was lower (84%).

ACHIEVEMENT OF MINIMUM DAMAGE IN STOCK-
DYEING

It has been established that severe bending of wool fibres
during stock dyeing causes fibre damage [4]. The conse-
quences of this damage are reduced efficiency in processing
and yarn of inferior quality. Such damage could be virtually
eliminated by dyeing small amounts of wool in a large
machine with very slow liquor circulation, but this would be
unproductive, expensive, and wasteful of energy and
resources.

An acceptable technique must be one in which the merits
of high production rate and good quality fibre are combined.
The mill trial has shown that a significant reduction in fibre
damage can be achieved without a proportional decrease in
production. The most important factor determining fibre
damage is the pressure exerted on the mass of fibres by the
circulating liquor. A means of controlling the pressure of the
circulating liguor is currently the subject of a patent applica-
tion. The system is suitable as a modification to an existing
machine or as an integral part of a new machine.

Requirements for Control of Liquor Circulation Pressure

Figure 6 shows the preferred points for pressure measure-
ment in a typical dyeing machine, these being as close as
possible to the mass of fibres. The measurement points are
connected to a differential-pressure measurement cell, the
signal from which is fed to a controlier that in turn generates
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Figure 6 — Pressure measurement points in a typical dyeing
machine

Basic Requirements for Minimizing Damage in Dyeing

{a} The first requirement when dyeing wool in any form is
to ensure that the pH and the chemical constituents of
the dyebath are kept within ‘safe’ limits, i.e. as close as
possible to those within which the least damage occurs.

(b} The dyeing temperature should be no higher than is
necessary to obtain acceptable results; the higher the
temperature the higher is the rate of chemical degrada-
tion of the fibres, and the greater the cost of dyeing.

{¢) The liguor circulation pressure should be no higher
than is necessary to generate sufficient liquor flow to
obtain a level dyeing and an acceptable rate of exhaus-
tion.

{d} The quantity of wool packed into the dye vessel should
not be excessive as a higher liquor pressure is then
needed to ensure sufficient flow through a thicker/
denser layer of fibre.




CONCLUSIONS

Fibre damage during stock dyeing is due largely to the effect
of severe fibre bending and it manifests itself as a deterior-
ation in the mechanical properties of the fibres. In a mill
trial, results were obtained for fibre-bundle breaking strength
and varn extensibility which clearty reflected the effects of
the various dyeing treatments used. Since all the batches for
dyeing were taken at random from the same iot of scoured
wool it must be concluded that the results obtained were
determined by the dyeing conditions. The findings for com-
mercially produced vyarns were confirmed by the results
obtained with yarns produced under similar processing
conditions at WRONZ.

Stock-dyeing conditions might also be expected to affect
processing efficiency. However, a measurable effect was
observed only in the case of carding wastes for which there
was a correlation of r = 0.84 with fibre-bundle breaking
strength. Other processing effects, if present, were masked
by extraneous influences in the mill and the practical dif-
ficulties of accurately monitoring routine mill production
continuously.

Work is currently in progress to modify a commercial
dyeing machine according to the recommendations made in
this paper. The long-term monitoring and comparison of the
levels of waste from batches dyed in the modified and
standard machines will enable the magnitude of the dif-
ferences produced under bulk-dyeing conditions to be
determined.

Nevertheless it is clear from this present work that sub-
stantial savings are possible and that damage to wool during
stock dyeing can be reduced.
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