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The impact of improving the rate of right-first-time production on praductivity and profitability for a
patchwise dyehouse processing cellulosic fibres is reviewed. The measurement and level of
performance required from reactive dyes to support right-first-time production is defined in the form of
a reactive dye compatibility matrix (RCM). The application of the RCM as a diagnostic tool in dye

selection and process design is outlined.

INTRODUCTION

There is a constant demand made on retailers and
clothing manufacturers to improve financial performance
by minimising working capital, and accurately forecasting
sales using techniques such as electronic point of sale
(EPOS). The shareholders of textile companies look for
improved profit performance and international
competitiveness. The ‘green lobby” demands a reduction
of the environmental impact made by the textile industry.
These pressures have focused attention on the need for
right-first-time production and elimination of waste at all
stages of the textile production chain. The result of these
changes has been the advent of multi-phase fashion sales
seasons, smaller production lots, and reduced delivery
times to support stock replenishment. These trends make
the level of right-first-time production the key measure of
performance for the industry.
In dyehouses processing celiulosic fibres with reactive
dyes, much progress has been made in the quest for zero-
defect production by the introduction of controlied
coloration techniques that support level-dyeing
performance [1]. There is, however, still scope for further
improvement, especially in the area of shade repro-
ducibility; this can be significantly improved by
considering the compatibility of the dyeing profiles of the
dyes selected. By studying the properties of dyes during
the primary and secondary exhaustion phases of the
process and their reactivity, the measures and levels of
performance required to achieve right-first-time pro-
duction can be defined.
This complex reactive dye compatibility matrix (RCM):
(a) Defines the optimum dyeing profile for exhaust
dyeing with reactive dyes

(b) Quantifies dye migration properties and the degree of
process control required to achieve shade repro-
ducibility and level dyeing performance

(c) Provides an index of dye reactivity.
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Understanding the RCM enables dyes with similar
properties to be identified and used in combination to
support right-first-time production. 1t predicts the
performance of dyes on the most recently introduced
dyeing machinery and in new application techniques that
have been designed to minimise the impact of reactive
dye systems on the environment. It can also be used as a
diagnostic tool when optimising application techniques.

The RCM complements the concept of controlled
coloration and is an aid to dye selection and process
design.

RIGHT-FIRST-TIME PRODUCTION

The level of right-first-time production achieved has a

significant impact on the dyehouse’s efficiency, capacity,

delivery schedules, sales turnover and profitability. Three

separate approaches have been developed to measure the

performance of the dyehouse. These are based on the

calculation of:

(a) Cost of non-conformance

(b) Additional profit earned by improving production
efficiency through conformance to requirements

(c) Cost of quality.

The cost of non-conformance is a very simple, but
effective, measure of the loss incurred by the production
of goods that do not meet the required specification. In the
dyehouse the total cost of production can be calculated by
adding the cost of additional processes necessary to
achieve the required standard to the standard cost. Table 1
shows the cost of non-conformance, calculated with the
aid of computer modelling techniques for a knitgoods
commission dyehouse.

The blind dyeing process is the ideal and represents the
total cost of production (bleaching/dyeing/washing-off)
for right-first-time production. If, after checking the shade,
it is found that a small shading addition to the cooled
dyebath is required, then the total cost of production is
increased by 10% and productivity is reduced by 20%.
More importantly, the profit for this production batch is



Table 1 Cost of non-conformance (right-first-time = 100)

Process Cost Productivity Profit
Blind dyeing 100 100 100
Small addition 110 80 48
Large addition 135 64 -45
Strip and redye 206 48 -375
Table 2 Dyehcuse model {cold water supply only)
Item Value per kg
Commercial profile
Variable costs

Labour (25%) £0.54

Others (40%) £0.87 £1.41
Fixed costs (35%) £0.76
Mark-up (15%) £0.33
Avge sales £2.50
Return on sales 13%
Production details
Avge no. of batches/machine/week 12.75
Working week 144 h (6 days)
Avge batch size 500 kg
Avge right-first-time cycle time 9.6h
Right-first-time rate 60%

Avge no. of additions/batch corrected 1.2
Avge time/addition 3h
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Figure 1 Impact of right-first-time on return on sales

reduced by more than 50%. If, however, a large shading
addition is needed, calling for the dyebath to be drained,
rinsed and reset, then the impact on costs, productivity
and profit is even more dramatic. In this case a substantial
loss is incurred. The most costly scenario is to strip and
redye fabric, either because it is off-shade or unlevel. To
recoup this loss it is necessary to produce four production
batches, all of which must be produced right-first-time.
Traditionally, many dyehouses have been operated by
assuming that they are labour-intensive, with an
expectation of poor production efficiency. Processes are
often costed with a factor, the cost of non-conformance, to
allow for additional processing. The producer who has
successfully introduced right-first-time techniques will,

without doubt, have the edge in today’s dynamic and
highly competitive market place.

A more modern approach sets targets for the improved
financial performance of the dyehouse. These targets can
be achieved in two stages. The first is to control variable
costs [2]. By improving the rate of right-first-time
production, wasteful additional processing to achieve the
required standard can be eliminated. For the dyehouse
model given in Table 2, the average number of batches per
machine per week represent the full capacity of the
dyehouse when operating at a 60% right-first-time
production rate. Improving this figure will reduce the
non-fabour-related variable costs and improve the return
on sales, as illustrated in Figure 1. For example, improving
the right-first-time rate from 60 to 90% will increase the
return on sales (ROS) from an index of 100 to 130, and
generate additional capacity.

The second stage of this approach is therefore to
increase production levels. Raising capacity without the
need for capital investment will improve the financial
performance of the dyehouse by reducing the fixed costs
per unit of production. For the dyehouse mode! (Table 2),
operating at a 90% right-first-time production rate, the
capacity is increased to 14.5 batches per machine per
week. If this capacity can be filled then the return on sales
increases from the index of 130 (ROS at 90% right-first-
time production rate) to an index of 180.

Clearly the introduction of right-first-time production
techniques is the key to unlocking hidden profits. The
control of non-labour-related variable costs through
improved right-first-time production levels will result in a
significant improvement in the financial performance of
the dyehouse. It will provide the platform from which
improved customer service levels can be developed,
whilst at the same time freeing capacity and providing the
opportunity to contribute additional financial reward.

The focus on total quality management has provided
an alternative approach to establish the value of controlled
coloration and right-first-time production. Using what is
now becoming a standard analytical technique, the cost of
quality, i.e. the cost of conforming to the required quality,
is defined and expressed as a percentage of sales revenue.
The key factors are:

(a) Prevention —cost of the laboratory, the maintenance of
quality systems and procedures

(b) Appraisal - fabric examination and quality control
systems

(¢) Reprocessing —internal and external

(d) Claims/debits - cost of non-conformance

(e) Shading additions and redyes — cost of non-

conformance

(f) Consequential - lost profit opportunity.

Itis quite common for the cost of quality to be as high as
25% of the sales revenue.

By optimising laboratory-to-bulk reproducibility and
introducing controlled coloration to improve the rates of
right-first-time production, the cost of prevention,
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appraisal, claims and debits, reworks and consequential
losses is reduced. The cost of quality can be reduced to
15%, thereby realising a 10% improvement in profit
margin [3].

The successful introduction of a quality management
system and right-first-time production techniques is the
most effective route to satisfying the demands made by
the retailers, garment manufacturers and the shareholders
of textile companies. The opportunity to improve the
financial performance of the dyehouse is an attractive and
challenging proposition. It will require a pro-active,
systematic and structured approach to the selection of
dyes and application techniques capable both of achieving
the highest levels of performance and of delivering
revised profit expectations.

CRITERIA FOR DYE SELECTION FOR
RIGHT-FIRST-TIME PRODUCTION

Batchwise dyeing of cellulose with reactive dyes is a
complex two-stage process. It involves the exhaustion of
the dye onto the fibre in the presence of electrolyte and
then the addition of alkali to promote the chemical
reaction between the dye and the cellulose. The external
factors that influence the process have been identified and
segregated into assignable and random variables [1].

The assignable variables include the internal fabric pH
at the start of the dyeing cycle, the liquor ratio, the
temperature gradient, the fixation temperature, the
electrolyte concentration, the addition profiles of dye,
electrolyte and fixation alkali, the fixation pH and time.
They can all be controlled and measured either by simple
manual tests or by microprocessor. The random variables
are the impurities in cotton, water supply, chemicals and
the dyes selected to reproduce the target shade. The
control of these random variables requires the inter-
vention of management.

This controlled coloration approach has proved to be
the basis of structured and successful system for
improving the right-first-time production rate. The level-
dyeing performance of reactive dyes has benefited from
the introduction of controlled coloration, and it is now
perceived that shade reproducibility is the major obstacle
preventing zero-defect production.

The performance of a reactive dye is defined by the SEF
profile as illustrated in Figure 2. Dyes with a wide range of
SEF profiles are commercially available. Considering S, the
substantivity equilibrium, dyes with values as high as 96%
and as low as 17% are commercially available. Dyes with
such wide differences in substantivity will exhibit different
levels of performance and sensitivity to external
influences. Those with low substantivity will generally be
more sensitive to variations in liquor ratio and electrolyte
concentration. In contrast, dyes with high substantivity
will be robust and provide shade stability to these
variations in processing conditions. Table 3 shows the
strength differences (measured in terms of their Integ
values [4]) against control dyeings, isolating each variable
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in turn. The dyes have been applied by the manu-
facturer’s standard recommendations.

Computer modelling studies have been carried out to
investigate the probability of achieving right-first-time
production. A dyehouse processing cellulosics by an
exhaust technique, with a typical production mix of 80%
ternary and 20% binary shades, and working to the
narrow shade tolerances set by the leading retailers was
examined. It was found that uncontrolled variations of
+2.5% in dye yield, whether resulting from inferior dye
standardisation or from lack of process control, could
reduce the rate of right-first-time production by 50% [5].
The advantage of dyes with higher substantivity is clearly
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S equilibrium substantivity, represents primary exhaustion of the
dye in the presence of neutral electrolyte

E equilibrium exhaustion, represents final exhaustion of the dye
which takes place after the addition of the fixation alkali

F fixation value, represents fixation level for the dye

E- S represents secondary exhaustion which takes place simul-
taneously with dye fixation after addition of alkali

Figure 2 SEF profile

Table 3 Liquor ratio and electrolyte sensitivity

Strength (Integ value)?

Electrolyte
Commercial S Liquor ratio®  concn®
preparation based on (%) -—2:1/+2:1 —-10%/+10%
Cl Reactive Red 141 87  100/100 100/102S
Procion Crimson H-EXL 74  100/100 10071100
Cl Reactive Red 184 56  1035/98W 100/103S
C! Reactive Red 195 30  103S/95W 97W/I7TW
Cl Reactive Red 198 23 100/95W 92W/101S

a S - stronger, W —weaker
b Conrol 10:1
¢ Control, manufacturer's recommendation



demonstrated by shade stability to variations in
processing conditions.

During the initial phase of the process, the neutral
primary exhaustion of the dye in the presence of
electrolyte, migration and diffusion can take place. Dye
that has exhausted onto the fibre is available for migration,
and levelling will take place by the classical mechanism.
The actual migration taking place during primary
exhaustion will depend on the chemistry of the dye:
molecular  structure,  physical chemistry  and
stereochemistry are all important. External factors such as
concentration of the dye added to the dyebath, time,
temperature, liquor ratio, rate of liquor circulation and
fabric construction (or in the case of yarn dyeing, package
format) also play a key role. From practical considerations,
it is the chemistry of the dye that has the dominant
influence on migration properties, and therefore on its
level-dyeing performance.

The migration properties of dyes are easily measured
by a simple laboratory test; a schematic description is
given in Figure 3. Using instrumental techniques to
measure the depth of shade of the test samples D, and B,,
itis possible to calculate a migration index (MI) (Egn 1):

MI, % = Depth of shade B; 100
Depth of shade D>

M

The migration index defines the migration properties of
an individual dye applied by a defined process. A dye
with ideal migration properties in a defined process will
possess a migration index of 100.

The equilibrium substantivity values, S, and migration
indices for a series of blue dyes and red dyes applied by
the manufacturer’s standard recommendations are given
in Table 4. The blue dyes all have a similar chromophore.
The differences in equilibrium substantivity values and
the migration properties are due to differences in the
molecular mass of the dyes, their stereochemistry and
their reactive system. The series of red dyes also have
similar chromophores, and likewise the differences
observed in their performance are due to the chemistry of
the individual dyes.

These data demonstrate that there is an optimum
substantivity equilibrium value of between 70 and 80%. In
this range the substantivity of the dyes for cellulose is such
that optimum dye migration properties are obtained. For

Dyebath

Dye
Sait

Exhaust Exsh/a[lsnge
Blank bath 211 Blank bath
san |[8](B]

Bilank bath

1 Migrate I

Shock fix

Figure 3 Migration test

Table 4 Substantivity equilibrium values and
migration indices

Commercial

preparations based on S (%) MI (%)
C! Reactive Blue 171 87 60
Procion Navy H-EXL 73 90
C! Reactive Blue 184 66 81
Cl Reactive Blue 222 53 74
Cl Reactive Blue 225 42 91
Cl Reactive Blue 238 39 89
Cl Reactive Red 141 87 51
Cl Reactive Red 55 82 87
Procion Crimson H-EXL 74 100
Cl Reactive Red 184 56 80
Cl Reactive Red 195 30 0

dyes with these properties an even distribution of colour
will be achieved at the stage in the process just prior to the
addition of the alkali.

For dyes with a equilibrium substantivity value of
greater than 80%, the higher substantivity of the dye for
the cellulose results in inferior migration and level-dyeing
properties during the primary exhaustion phase. Other
dyes may have good migration properties but
substantivity equilibrium values of less than 70%, in which
case the migration properties of the dye have a
significantly  lower influence on level-dyeing
performance. This is because of the reduced concentration
of dye on the fibre.

Probably the most critical stage of the reactive dyeing
process is the addition of the alkali for fixation. It is
especially important for dyes in which the difference
between E and S is high. The addition of alkali increases
the substantivity of these dyes so that exhaustion and
rapid fixation take place simultaneously. The rate of
fixation must be controlled by the adoption of complex
and time-consuming addition profiles. This requires the
use of expensive metering systems to achieve the linear
fixation of the dye that is necessary to secure level-dyeing
performance [6]. The migration that can take place during
the secondary exhaustion phase of the process is severely
restricted because of this rapid fixation. A modified
migration test can be used, shown in Figure 4.

Table 5 illustrates the substantivity and the migration
that take place after the addition of alkali for a range of
reactive dyes applied by the manufacturer’s standard
recommendations. The actual migration that takes place
after the addition of alkali is low and does not contribute
significantly to level-dyeing performance. Thus for a dye
with a high secondary exhaustion, the only option
available to obtain level dyeing is the precise control of its
rate of fixation.

The level-dyeing performance of reactive dyes and the
degree of control required to achieve level dyeing are
governed by the equilibrium substantivity value, the
migration that takes place during the primary exhaustion
and the secondary exhaustion that takes place after the

JSDC VoruMe 109 SEPTEMBER 1993 287




Two dyebaths (A and B)
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Dye + salt * Dye + salt Salt alone

Salt alone
Exhaust then exchange pafterns to give
dyebaths A and B; shock fix Dy

Dyebath A Dyebath B

Dye + salt Dye + salt

‘ Add alkali
run for fixation period

Shock fix D,, B and B,

MI,, % = 21282 L 100
™M

D, substantivity

D, substantivity + secondary exhaustion — dye lost through migration
B, secondary exhaustion + migration

B, secondary exhaustion

Figure 4 Migration during secondary exhaustion

Table 5 MI, values

Commercial

preparations based on S (%) M, (%)
C! Reactive Yellow 27 47 35

C| Reactive Orange 107 19 38

C! Reactive Red 198 23 34

Cl Reactive Red 223 76 27

Cl Reactive Blue 171 89 36

addition of alkali. It is possible to quantify the relationship
between these parameters, assign a measure of dye
performance, and define the degree of control required to
achieve level, reproducible dyeings that are robust to
small expected variations in processing conditions by
calculating an empirical value. This is the level-dyeing
factor, LDE defined by Eqn 2:

LDF, % = 2 xMI )
E

Whilst LDF values are derived from this empirical
equation, the values are consistent with experience and
expectations of the performance of dyes that are
commercially available. As with the migration index, LDF
values reflect the performance of individual dyes applied
by a defined process

Table 6 quotes the 5, E, Ml and LDF values for the series
of blue dyes previously discussed. The dyes have been
applied using the manufacturer’s standard recom-
mendations. Generally the LDF value will define the most
suitable application technique for the dye to minimise the
risk of unlevel dyeing and optimise shade reproducibility.
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Dyes with high substantivity, low secondary
exhaustion, low MI value and therefore modest LDF value
require controlled addition of the electrolyte after the
addition of the dyes. In contrast, dyes with low
substantivity, high secondary exhaustion and medium to
high MI value possess a low LDF value. These dyes
require precise control of the liquor ratio, concentration of
electrolyte and addition profile of the fixation alkali. For
both groupings of dyes a high degree of process control is
necessary to achieve level dyeing and shade
reproducibility. Inevitably such processes are long,
complex and difficult to manage; they tend to restrict
production capacity and therefore reduce the profit
potential of the dyehouse.

The optimum performance is achieved with dyes of
medium/high substantivity, low secondary exhaustion,
high MI value and therefore very high LDF value. These
dyes require the minimum of process intervention to
produce level dyeings. They provide good shade
reproducibility and high rates of right-first-time
production. Dyes in this category can be applied in a
simple salt-at-start process, with linear addition of alkali.
Also external factors exert relatively little influence.

Substantivity, MI and LDF values are indications of the
sensitivity of a dye to external factors such as liquor ratio
and chemical concentrations, but to assess its sensitivity to
variations in fixation time and temperature the dye’s
reactivity must be studied. A convenient method is to
measure the time taken for half the dye to react, expressed
as the 5 value.

Table 7 shows the variation in tg values for a range of

Table 6 Level-dyeing factor

Commercial
preparations based on S(%) E(%) M (%) LDF (%)
Cl Reactive Blue 171 87 95 60 55
Procion Navy H-EXL 73 90 90 73
Cl Reactive Blue 184 66 90 81 67
Cl Reactive Blue 222 45 88 74 37
Cl Reactive Blue 225 42 96 91 40
Cl Reactive Blue 238 39 97 89 36
Table 7 Time of half fixation
Commercial tso
preparations based on  Alkali Addition profile (min}
Cl Reactive Blue 171 Soda ash Linear over 10 min 6.0
Procion Navy H-EXL Soda ash Linearover 10 min  11.0
Cl Reactive Biue 184 Caustic soda 70% progression 10.0
over 30 min
Cl Reactive Blue 221 Soda ash Three equal portions
over 20 min 3.0
Cl Reactive Blue 225  Scda ash 70% progression
over 30 min 3.5
C! Reactive Blue 238 Soda ash 70% progression
over 45 min 14.0




blue dyes applied by the manufacturer’s standard
recommendations. For this series of dyes the ts, values
vary from 3 to 14 min. In the former case, the initial rate of
fixation is rapid and the addition profile used becomes the
critical step to effect level-dyeing performance.

In piece dyeing the target rope circulation time for
cotton knitgoods is normally 2-3 min. Under these
circumstances and in extreme cases 50% of dye fixation
takes place before two rope revolutions and the addition
of alkali are completed. In package dyeing the in—out/out-
in directional flow cycle is generally set at 10 min, eg. 34
min in-out/6-7 min out-in. Again, in extreme cases 50% of
dye fixation takes place before the in-out cycle and the
addition of alkali is completed. Such rapid fixation can
only put level dyeing performance at risk and therefore
precise control is required at this stage of the process.

Values of £5 will depend on the reactivity of the dye,
the fixation temperature, and the type and addition
profile of alkali added. To support level-dyeing perform-
ance the target 5, value should be set at a minimum of 10
min, or in piece dyeing five rope revolutions, or in
package dyeing one complete in—out/out-in cycle.

The criteria for the selection of reactive dyes that will,
when applied using the principles of controlled coloration
[1], maximise right-first-time production are based on §,
MI, LDE and t5, values. These parameters are the key
measures of performance for a reactive dye, representing
the dye’s compatibility matrix (RCM). Right-first-time
production will be maximised if these fundamental
measures of performance within the RCM are set at:

- Substantivity in neutral electrolyte ~ 70-80%
—Migration index >90%
-LDF >70%
- t5p (minimum) 10 min,

Comparison of these parameters will provide a measure of
the compatibility of dyes when they are used in
combination. Dyes with similar substantivities, similar and
high MI values (>90%), similar and high LDF values
(>70%), and similar t5;, times will, when used in
admixture, exhaust, migrate and react as a single entity.
Dyes that meet the above criteria offer the best all-round
reproducibility and robustness, and also support the key
measure of performance of the dyehouse: right-first-time
production.

The RCM matrix has been successfully used to set
research targets for Procion H-EXL dyes. With the use of
sophisticated molecular engineering techniques, it has
been possible to design reactive dyes that have the
optimum dyeing profile required to maximise the rate of
right-first-time production when exhaust dyeing cellulose.
Table 8 gives the RCM for Procion H-EXL dyes applied by
the eXcel. Standard procedure (Figure 5).

PROCESS DESIGN USING THE EXCEL RCM

In a dyehouse that has introduced the concept of con-
trolled coloration and is already achieving high levels of

Table 8 RCM for eXcel Standard process with Procion H-EXL dyes

S E M LDF g
Dye (%) (%] (%) (%) (min)

Procion Yeliow H-EXL 76 93 80 74 10.0
Procion Red Brown H-EXL 78 92 100 85 10.0
Procion Brilliant Red H-EGXL 76 90 94 79 14.0

Procien Crimson H-EXL 74 92 100 80 10.0
Procion 8lue H-ERD 73 93 90 71 10.0
Procion Blue H-EXL 80 94 100 85 14.0
Procion Navy H-EXL 73 90 90 73 12.0
Alkali
80°C '
30 1010 1 45-80 \
70°C
Check pH
10.8-11.0
(measured at
Auxiliaries Check room temp.)
pH 5565
Dye
1

o
50°C =15

Figure 5 Portionwise salt application profile (figures under curve are
times in rninutes)

right-first-time production, further changes will be
focused on improving productivity. Control of all variable
costs and reduction in the fixed costs per unit of
production then become the key measures of
performance. Improved performance calls for the
development of short processes that are simple to operate,
easy to control and require the minimum of manual
intervention. The RCM has proved to be a valuable
diagnostic tool to aid the design of those processes that do
not compromise the rate of right-first-time production and
offer the required savings in processing time.

The established application profile for reactive dyes is
based on the portionwise addition of electrolyte and
fixation alkali (Figure 6). It was developed for application
at long liquor ratios and for dyeing equipment such as
winches and side-paddle machines. These have low
liquor-to-fibre interchange, which demands controlled
rates of dye exhaustion and fixation to achieve level-
dyeing performance. In an attempt to control the rate of
dye exhaustion, the electrolyte is added in discrete
portions, allowing time for the dyebath to rteach
equilibrium between the additions. The addition profiles
used to retard the exhaustion of the dye range from two or
three equal portions made at the starting temperature to
complex pyramid addition profiles, often made at
different points on the temperature gradient. On reaching
the fixation temperature, a period for dye migration is
followed by the addition of alkali. This is generally made
in two or three portions, again allowing time for the
dyebath to reach equilibrium between additions. The
dyeing process is completed by the dye fixation stage.
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Alkali
Salt 80°C
Auxiliaries 30 15 l 45-60 )
pH 5.5-6.5 70°C
Check pH

Dye 1.5 degC/min 10.8-11.0

r‘y—l (measured at
50°C room temp.)

5 15
Check sp. gr.

Figure 6 eXcel Standard application profile {figures under curve are
times in minutes)

This prolonged and complex process requires a highly
skilled and reliable workforce. The complexity of the
process is the source of many of the problems of level
dyeing and shade reproducibility associated with reactive
dyes. Furthermore, the process does not exploit the
properties of more recently developed reactive dyes,
especially when applied on more modern jet or overflow
machines.

Table 9 gives the RCM for Procion H-EXL dyes applied
by the portionwise salt process. Comparing this with the
eXceL Standard RCM shows that the MI and LDF values
of dyes when applied in a portionwise salt process are not
optimised, and therefore the process requires precise
control to support level-dyeing performance and shade
reproducibility.

The eXceL Standard is a short, simple process based on
a salt-at-start profile and linear addition of fixation alkali
(Figure 5). It is suitable for medium/heavy shades on
unmercerised cotton and does not require exponential
microprocessor control of the addition of dyes or
chemicals.

If total automation of machine is available then the
eXceL Isothermal process (Figure 7) can be used for these
shades and substrates. This process offers further
improvements in productivity, but because the MI and
LDFE values in the Procion H-EXL RCM eXceL Isothermal
process are lower than those in the Standard method,
more precise control of dyestuff addition is required.

The correct choice of processing route has a significant
impact on the rates of right-first-time production, variable
costs, fixed-cost recovery and hence dyehouse
profitability. The total cost of production (preparation/
dyeing/washing-off), productivity analysis and dyehouse
profitability for portionwise salt, eXcel. Standard and
eXceL Isothermal processes, calculated using the eXceL
database, are illustrated in Table 10. In these calculations of
the total cost of production, the preparation and wash-off
processes are identical. It has been assumed that the right-
first-time production rate is 100% and that for eXceL
Standard and eXcel Isothermal the additional plant
capacity generated has been filled.

In circumstances in which the liquor-to-fibre
interchange is high, as in package dyeing, then
considerations of the RCM extends the process design
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Dye %) (%) (%) (%)

options. The eXceL Rapid process (Figure 8) has been
designed specifically for dyeing cellulosic yarns in
package format with package densities up to 350 g/l on
machines having a two-way flow facility. This process
features a rapid increase of temperature, a short migration
stage and rapid addition of alkali. The timing of the stages
is linked to the in—out/out-in directional flow cycles. The
eXceL Rapid RCM is similar to that of the Standard
process and therefore meets the criteria for right-first-time
production.

In more demanding circumstances, such as dyeing pale
shades or difficult substrates such as mercerised cotton,
viscose or cellulosic/elastane blends, the design of the
application profile is of vital importance if level-dyeing
performance and shade reproducibility are to be
maintained. In these circumstances the eXcel. Migration
process (Figure 9) is the preferred option. The stability of
the homobifunctional Procion H-EXL dyes to elevated
temperatures during the primary exhaustion phase means
that this profile, and indeed the New Select II process, can
be used without loss of dye yield.

Table 8 RCM for portionwise salt process with Procion H-EXL dyes

S E M LDF |ty
{min)

Procion Yellow H-EXL 76 a3 77 63 10.0
Procion Red Brown H-EXL 78 92 88 75 10.0
Procion Briliant Red H-EGXL 76 80 81 68 14.0

Procion Crimson H-EXL 74 92 69 55 10.0
Procion Blue H-ERD 73 93 67 53 10.0
Procion Blue H-EXL 80 94 63 54 14.0
Procion Navy H-EXL 73 90 63 51 120
Dye Alkali
eXcel” eXcel”
80°C (.:C)I . COl
Max. rate 515 30 15 L 45-60 mh
ofrise /' Check Check pH
Sp. gr. 10.8-11.0
50°C (measured at
Hot water room temp.)
Salt
Auxiliaries *Additions of dye and alkali by linear profile
pH 5.5-6.5 from 5% of total dyebath volume

Figure 7 eXcel Isothermal profile (figures under curve are times in
minutes)

Table 10 Cost/productivity/profit analysis

Process Cost Productivity Profit
Portionwise salt 100 100 100
eXcel Standard a5 112 110
eXcel Isothermal 94 120 115




Alkali
Salt 8o0°c to* |
euxiliaries o ° l 4580
ye Check pH
pH5565 3 degC/min 10331 ?,o
{measured at
10¢ room temp.)

Check sp. gr.

“Note 1 For machines with two-way flow, these times should
be directly related to the machine cycle time.

Note 2 For ‘difficult’ circumstances (e.g. mercerised cotton, pale
shades, high-density packages, etc.) a migration period
at 95°C prior to the alkali addition at 80°C will ensure
optimum penetration and migration properties.

Figure 8 eXcel Rapid profile (figures under curve are times in
minutes)

95°C
Salt Alkali
Auxiliaries
pH 5.5-6.5
Dye Check pH
eck p
o l 1 10.8-11.0
50°C 1015 (measured at
l room temp.)
Check sp. gr.

Figure 8 eXcel Migration profile (figures under curve are times in
minutes)

Table 11 RCM for eXcel. Migration process with Procion H-EXL dyes

s E Ml LDF &,
Dye (%) (%) (%) (%) (min)

Procion Yellow H-EXL 76 93 95 78 10.0
Procion Red Brown H-EXL 78 92 100 85 10.0
Procion Brilliant Red H-EGXL 76 80 100 84 14.0

Procion Crimson H-EXL 74 a2 100 80 10.0
Procion Blue H-ERD 73 a3 90 7 10.0
Procion Blue H-EXL 80 94 100 85 14.0
Procion Navy H-EXL 73 a0 95 77 12.0

Table 12 RCM for eXcel Standard process at ULLR with
Procion H-EXL dyes

Liquor Salt S E M LDF
ratio concn (g/l) (%) (%) (%) (%) {min})

10:1 70 73 a0 90 74 10.0
51 70 79 93 80 68 10.0
5:1 50 73 90 91 74 10.0

The eXceL Migration RCM is given in Table 11. The
improvement in the MI and LDF values in this process are
an important feature when dyeing difficult substrates,
such as mercerised single jersey fabrics which have a
tendency to spiral and form tight ropes, or high-density
packages. In these circumstances the liquor-to-fibre
interchange is restricted and optimum migration
properties are required to support level-dyeing
performance.

The most recent machinery developments from the
world’s leading innovative machine builders have focused
on improving productivity, quality and reducing the cost
of utilities (steam, electricity, water), labour and chemical
costs. These machines, running at a 5:1 liquor ratio, can
reduce the total cost of processing by 25% compared with
a machine operating at a 10:1 liquor ratio [7]. The
reduction in the demand for utilities and the reduced
chemical usage will minimise the impact of the reactive
dye system on the environment. Under these conditions
of ultra-low liquor ratio (ULLR} the properties of reactive
dyes change. At equal electrolyte concentration the
substantivity equilibrium is increased due to increased
mechanical pick-up, and the exhaustion equilibrium and
fixation are also increased, but to a lesser extent [8].
However, under these conditions the MI and LDF values
are reduced.

The RCM for Procion Navy H-EXL, applied by the
eXcel. Standard process under various liquor ratio
conditions is shown in Table 12. At a 5:1 liquor ratio and 70
¢/l salt the Ml value falls below the critical value of 90%.

To ensure that all the measures of performance within
the RCM meet the defined specification to support level-
dyeing performance and shade reproducibility, and hence
right-first-time production, reducing the electrolyte
concentration is the preferred process design option.

Defining and understanding the RCM is a relatively
simple task that is based on simple laboratory evaluations.
It will reduce the need for high-risk bulk trials to establish
processing route options for new fabric/dye/machine
combinations. It will also assist in minimising risk, by
optimising established processing routes.

CONCLUSION

The rate of right-first-time production is the prime
measure of performance for the dyehouse. For the
dyehouse model chosen, increasing right-first-time
production rates from 60 to 90% will increase profit levels
by 30%. If the additional capacity generated is filled, profit
levels are increased by a further 40%.

Setting the measures and levels of performance for
reactive dyes and defining the reactive dye compatibility
matrix (RCM) lead to the selection of dyes that will, when
applied using the principles of controlled coloration,
support the shade reproducibility and level-dyeing
performance so vital for right-first-time production. Using
RCM as a diagnostic tool promotes the design of processes
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that will improve dyehouse productivity and increase the
rate of right-first-time production.

The potential for improved financial performance is
high and can be realised by the introduction of quality
management systems. Critical success factors are the
commitment and dedication of all dyehouse personnel
and the strength of the partnerships that can be forged
between customer and supplier.
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