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Dyeing laboratory developments

James Park

INTRODUCTION
It is 30 years since the fi rst review of this subject appeared 
in this publication [1] and much of the dyehouse technology 
that we now take for granted was relatively new at that 
time, including jet dyeing machines and computer colour 
matching (CCM). The role of the dyehouse laboratory was 
then seen primarily as a service function but laboratory 
work should be aimed at increasing the profi tability of the 
company, especially by improving the effi ciency and cost 
effectiveness of production processes. The evaluation of 
new dyes was seen as a major activity. By the time of the 
second such review 10 years later [2], CCM had reduced 
the number of routine laboratory dyeings required. With 
the availability of controlled laboratory dyeing equipment, 
more effort could be focused on increasing efficiency, 
including determining the limits of accuracy required to 
achieve reproducible production dyeings.
 By 1989, the cost savings obtained by right-fi rst-time 
(RFT) dyeing had been demonstrated in many dyehouses 
[3] and for this to occur the laboratory needed to become 
the nerve centre of the operation. Automation of laboratory 
dyeing equipment had been introduced, including control 
facilities, at relatively low cost. Much of the common sense, 
advice and equipment discussed in these earlier reviews 
[1–3] is still relevant today. During the period covered in 
this review (1989–2003), the importance of RFT processing 
and quick response delivery have increased, exerting 
more pressure on the dyehouse laboratory. This has been 
accompanied by the development of more sophisticated 
laboratory dyeing machines with total control, including 
wider use of CCM.
 The textile industry has gradually evolved from mainly 
vertical organisation to retail-specifi ed manufacturing, 
facilitated by the use of non-physical standards (NPS) 
and digital colour communication for colour matching 
to achieve what has become known as the ‘concept-to-
consumer’ (C2C) approach [4]. This requires the dyeing 
laboratory to produce rapid, reproducible and high-quality 
colour matches, with small colour differences (∆ECMC = 0.5 
or less) between target and dyeing.

laboratory should be housed in adequate surroundings to 
ensure improved accuracy and cleanliness. The design, 
building, space requirements, furnishing and equipping 
of dyeing laboratories for various activities have been 
discussed [6], together with productivity. The cost of 
operating a well-equipped and effi cient support laboratory 
is relatively small per unit of production. The contribution 
of the dyeing laboratory towards effi cient production and 
the important factors involved have been enumerated [7]. 
Laboratory organisation including layout, staffi ng, services 
and equipment required, budgets and running costs have 
been reviewed [8], together with an overview of health and 
safety requirements.

LABORATORY FUNCTIONS
The dyehouse laboratory has to undertake many different 
activities, the nature of which have been described 
[1–3,7,8]. Although these functions have remained consistent 
over the years, the emphasis and importance of many of 
them have changed. Since fewer new dyes are marketed, 
the evaluation of such products has declined whilst the 
comparison of competitive products has increased. The 
use of CCM technology, allied to a specifi c and accurately-
prepared database [9], has reduced the pressure on colour 
matching so that a rapid and accurate matching service can 
be given [7].
 An important function of the laboratory is to establish 
standard operating procedures (SOP) for all production 
processes and laboratory methods. Close correlation 
between these is essential to ensure consistent laboratory 
to bulk reproducibility.
 The quality of service and the standard of work 
produced by the laboratory have become increasingly 
reliable allowing for transferability of results thereby 
avoiding duplication of testing. Testing of products to 
specifi cation or buying materials against a certifi cate of 
conformity requires that the laboratory is accredited by 
a recognised scheme, either in its own right or as part 
of a manufacturing certifi cation scheme. This includes 
regular calibration of laboratory equipment. Accreditation 
of dyehouse laboratories allows for sub-contracting of 
work to independent laboratories when staff shortages, 
lack of equipment or breakdowns prevent the work being 
undertaken internally.
 Many of the functions carried out by the dyehouse 
laboratory depend on small-scale dye application 
techniques and these include:
– evaluation of competitive dyes and auxiliaries
– database preparation for CCM [9]
– colour matching by traditional, visual or computer-

assisted techniques

ORGANISATION
The equipment required in the dyehouse laboratory 
for control and analytical purposes has been described 
by von der Eltz [5], including colorimetry, fastness 
assessment, exhaust dyeing of materials in various forms 
and continuous dyeing of fabric. The current working 
environment, where RFT production is essential, demands 
staff with higher qualifi cations and better training. The 
sophisticated equipment now required in the dyeing 
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– evaluation of substrates, especially for dyeability 
against a standard

– testing of dye deliveries against a standard (hue, 
strength and moisture content); alternatively the dye 
supplier must provide a certifi cate of conformity with 
each delivery.

It is often the failure to monitor substrates and dyes that 
prevents dyehouses from achieving a high level of RFT 
production by blind-dyeing techniques.
 Water and effluent analysis are routine functions 
carried out by the dyeing laboratory, and water quality 
and consistency are important factors in obtaining RFT 
production. Effl uent analysis has increased in importance 
over recent years with tighter consent limits being imposed 
and environmental and ‘green’ activists exerting increasing 
pressure. The colour of the effl uent has been a major issue 
and specifi cations have been given for the acceptable colour 
of effl uent [8]. Acceptability of the effl uent for colour can 
be examined by the dyeing laboratory using the colour 
measuring equipment now widely available.

being targetted towards the smaller laboratory with limited 
requirements. The three Nuance machines currently on the 
Ahiba range have variable rotation speeds within the limits 
5–50 rpm. The microwave heating in the Labomat MWA 
(Mathis) is claimed to give heating rates up to 9 °C/min with 
low energy consumption and ease of handling of both tubes 
and substrates [13]. The Easydye (Ahiba – now withdrawn) 
was an IR machine in which the tubes were given a rocking 
motion.
 Comparative dyeings over a wide range of substrates 
and variety of forms using a large number of dye classes 
and application techniques showed that there was a high 
level of correlation between the conventional rotodyer 
machine and the rotating-disc IR equipment, as shown in 
Table 1 [16]. The Pyrotec MB (Roaches) [8] combines the 
advantages of IR heating and the end-over-end tube rotation 
of the rotodyer machine. Multi-bath versions incorporating 
both features combine IR convenience and the productivity, 
versatility, level-dyeing and reproducibility of conventional 
rotating-tube machines with the benefit of reliability 
and low maintenance in use. As with the rotodyer type, 
additions can be made during dyeing to both types of IR 
machine, using systems such as the Adchem (Roaches) 
technique [3,8].

Table 1  Comparison of the average colour difference (∆ECMC) for  
rotating-tube dyeing machines [16]

 ∆ECMC

 Fluid-bed  Rotating-disc 
Parameter rotodyer IR

Levelness within dyeings 0.2 0.21
Agreement between tubes 0.3 0.3
Agreement between machines  0.3 

 Laboratory dyeing machines with liquor circulation are 
seldom used for routine matching functions on the grounds 
of cost and productivity, this being the province of the 
machines discussed above. Circulating-liquor machines 
may be either multi- or single-position units and offer the 
following features:
– the physical condition of the substrate after dyeing is 

closer to that of bulk production
– larger samples of substrate are available for further 

testing and evaluation
– fundamental dyeing studies under a wide range of 

conditions, including adjustable machine parameters
– process simulation of complete production pro-

cedures.

All substrates in their various forms can be package-dyed. 
In the case of yarn, it is advantageous that the dyeing vessel 
can accommodate a package from bulk production so that 
results are directly transferable.
 Perhaps typical of multi-position machines are the 
Chroma 4 (Roaches) [8,17,18] and the Turby (Mathis) [19] 
equipment. The Chroma 4 is a fully-automatic four-beaker 
machine with independent temperature control and dosing 

LABORATORY MACHINES FOR 
EXHAUST DYEING
Previous reviews have discussed the development and 
categorisation of laboratory dyeing machines for exhaust 
dyeing, together with the selection of equipment types 
according to their advantageous characteristics [2,3,8]. 
This information is still highly relevant and need not be 
repeated here. For the busy matching laboratory requiring 
high productivity and versatility in terms of substrate form, 
liquor ratio, temperature range and substrate mass (usually 
5–100 g), the multi-position rotating-tube machine (often 
referred to as the rotodyer) in its multi-bath form is the 
most widely used equipment. The original heating medium 
was a high boiling-point liquid, such as polyethylene 
glycol, although water could be used for low-temperature 
dyeing methods. Fluid-bed heating systems have now 
largely replaced the use of liquids with an improvement 
in cleanliness and ease of operation. The end-over-end 
tube rotation and the specific geometry of the dyeing 
tubes contribute to levelness and reproducibility on all 
substrate types and forms over a wide range of dyeing 
conditions. The variety of tube sizes available provides 
scope for a multiplicity of substrate weights and liquor ratio 
combinations [3,8].
 The introduction in the late 1980s of a second generation 
of multi-position rotating-tube machines in which heating is 
provided by infra-red (IR) radiators [3] resulted in a totally 
dry and clean machine, which proved mechanically robust 
in use. In the original design, the dyeing tubes were mounted 
at a specifi c angle on a rotating disc, usually situated at the 
back of the heating chamber containing the IR elements. 
Early models of the Pyrotec (Roaches International) [10] and 
the Nuance (Ahiba) [11] ranges have been described. The 
Nuance Top Speed II [12] has powerful blowers for cooling 
which results in shorter total cycle times. This equipment 
is typifi ed by the most recent versions of the Labomat BFA 
(Mathis) [13,14], the Pyrotec 2000 (Roaches) [8,15], the 
Nuance Top Speed II and Eco (Ahiba) versions, the latter 
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of dyes and chemicals to each dyeing position. Liquor 
circulation is by means of independent gear pumps and 
the machine is fully programmable through a personal 
computer (PC) to include all the usual dyeing parameters. 
Full data management is provided including graphical and 
numerical data presentation. All forms of substrate (up to 
20 g) can be package-dyed. One advantage of this equipment 
is that fully-automatic operation is possible without direct 
supervision. Roaches has recently developed a Multi-dye 
six-position machine designed for larger samples (up to 
200 g) of yarn in package form or beam-wound fabric. The 
Mathis Turby T twelve-station machine has a magnetic 
stirrer circulation system and is suitable for dyeing wound 
samples (10–40 g).
 Development of the Colorstar (Mathis) laboratory dyeing 
units containing a single-position, glass dyeing vessel 
has been described [20]. With this machine, atmospheric 
and high-temperature dyeing of all substrate types is 
possible and current versions of this equipment centre on 
the Colorstar CJ type [15,19,21]. Liquor circulation is by 
means of a magnetically driven gear pump. Various dyeing 
vessel sizes are available and the operating liquor ratio is 
8:1 or longer. Numerous parameters can be controlled and 
measured, including fl ow rate and differential pressures, 
pump reversal, pH and dosing of chemicals. Whilst the 
Colorstar-Foamy CF [19,20] can be used for dyeing, its 
principal function is to study the generation and dissipation 
of foam during the process, the foam being generated by 
passing the liquor through a special nozzle inside the dye 
vessel.
 Ahiba has recently rationalised its range of laboratory 
dyeing machines. In addition to the three versions of the 
Nuance IR machines discussed earlier, the Multiprecise 
TC equipment has been introduced [21], together with a 
winder, Model SE/1, to produce the necessary packages. 
Two independent dyeing positions can be fi tted with either 
1 or 2 l vessels, accommodating samples (up to 300 g) at 
liquor ratios down to 5:1. Full automatic control is available 
including functions such as liquor volume, fl ow rate, dosing 
and rinsing.
 The Colortec (Roaches) [8] is a fully-automated machine 
for dyeing fi bre, yarn or fabric (up to 200 g), essentially 
in package form. Liquor circulation is by means of 
a gear pump to give a positive forward or reverse fl ow, 
the fl ow rate being measured by a fl ow meter together 
with differential pressure indication. An addition tank 
provides access for solids and sampling of liquors via an 
interlock, whereas liquids are dosed automatically. Online 
pH measurement up to 130 °C is available. Direct linkage 
of a spectrophotometer to a dyeing vessel was reported 
following ITMA 1991 [22] and the Colortec has the option 
of a UV spectrophotometer to give online information 
regarding absorption, exhaustion and dye compatibility.
 The relative costs of the various types of laboratory 
dyeing machines have been compared [8]. These are 
normally fi tted with controls that are available at various 
levels of sophistication; this has increased signifi cantly 
over the period under review. Machines of the rotating-
tube type are equipped, as a minimum, with dye-cycle 
controllers and capacity for storing numerous programs. 
Circulating-liquor machines normally have sophisticated 
controllers to monitor and record the large numbers of 

functions that can be varied and to hold programs for a 
wide range of dyeing cycles. Controllers of this kind are 
also installed on pilot-plant equipment, which will be 
discussed later. The Roaches Supervisory Data-Logging 
System (RSDS) [15] operates on a PC using Microsoft 
Windows 98 with an RS422 serial communication system 
to network equipment. The RSDS can be fitted as an 
option to all types of dyeing equipment and records 
details of all dyeing parameters. There is the capability 
for storing programs centrally, which can be downloaded 
with the ‘touch screen’ controller to any machine and can 
be uploaded to a central computer. Most laboratory dyeing 
machinery makers will supply PC-driven control and data 
recording systems [15].

CONTINUOUS DYEING EQUIPMENT
The continuous dyeing sector of the textile industry was 
probably one of the fi rst to realise the economic advantages 
of RFT processing, since correction or re-dyeing is seldom 
economically viable. More sophisticated continuous dyeing 
ranges are now available. The modern laboratory must be 
able to simulate these production conditions and reproduce 
the results. Investigations into the continuous dyeing of 
polyester/cotton blends by the pad–dry–thermofi x/pad–
steam process identifi ed the laboratory scale and production 
parameters that govern laboratory to bulk reproducibility 
[23]. Techniques for improving the reproducibility of 
continuous dyeing have been discussed [24]. An important 
aspect of shade matching is for the laboratory to establish 
standard recipes and procedures based on bulk practice.
 The selection of laboratory equipment for continuous 
dyeing has been extensively discussed [8]. To reproduce 
production conditions, modern laboratory padders have 
pneumatic pressure application, with a digital display of 
the pressure for increased accuracy. Vertical or horizontal 
bowl configurations are available and variable speed 
drives are now standard. Versatile oven/steamer units 
suitable for treating short sample lengths, such as the TFO 
(Roaches) [8], incorporate humidity control with optional 
fabric temperature measurement by IR thermometers. 
Longer lengths can be processed in the Roaches Monomat 
(single-zone) or Duomat (double-zone) drying and fi xation 
ovens. Thus a laboratory-scale dyeing range may consist 
of the padder, IR pre-dryer and either a single or double 
drying zone. Both units are humidity controlled to 
avoid over drying and an IR thermometer can be used to 
measure fabric temperature for accurate dwell times. The 
Duomat provides a complete facility for pre-drying and 
thermofi xation. The Econtrol Thermex (Monforts) process, 
fi rst introduced at ITMA in 1995 [25], can be simulated on 
all three systems.
 The Sky Pad (Roaches) [26] is a padding system in which 
leuco-indigo can be applied to hanks of yarn attached to a 
belt which then passes over a skying device to give a dwell 
time for re-oxidation. This process is repeated a number 
of times to simulate bulk-scale indigo dyeing. For sulphur 
dyes, the belt is spiralled through fi ve troughs, the fi rst dip 
being in hot leuco-sulphur dye liquor, followed by partial 
re-oxidation in the skying unit, chemical oxidation and 
soaping.
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PILOT PLANT
Dyeing machinery manufacturers still produce small-
scale pilot plant of capacity just above the single-position 
circulating-liquor laboratory machine. The majority of 
equipment in this category is for package, jet or garment 
dyeing. Pilot package machines (1–5 kg) are equipped with 
material carriers suitable for loose stock, yarn or fabric. 
Pilot jets and garment machines typically hold 5–10 m of 
material. The capacity at which a pilot machine becomes 
a production machine is purely arbitrary. Although such 
equipment is often intended for process and product 
development, production samples can be conveniently 
dyed in this way. Such machines are normally equipped 
with sophisticated controls, as discussed earlier.
 The advantages of mini-bulk package-dyeing machines 
include suitability for processing substrates in many 
forms and direct correlation with bulk-scale yarn dyeing, 
using packages wound to the production specifi cation. 
The Colorpac (Roaches) [27] accommodates four 1 kg 
packages and will operate at a liquor ratio as short as 5:1. 
The gear pump provides two-way circulation at fl ow rates 
of up to 110 l/min. The machine is programmed through 
a ‘touch screen’ controller and machine functions include 
high-temperature drain, automatic drain and fi ll and an 
integral side tank with automatic transfer and drain/rinse 
facilities.
 The JFO (Mathis) overfl ow jet is long-established [19,28] 
and can be used for many other purposes. Type JFP is 
available for processing longer lengths [19]. The M 10 jet 
(Roaches) [8,29] is claimed to be the only pilot-scale jet 
machine in which pH can be monitored and controlled at 
temperatures up to 130 °C. Pilot-size jet dyeing machines 
from several machinery makers have been reviewed 
[14,21,30]. The Thies JFP-Airfl ow (Mathis) [31] is an airfl ow-
assisted machine with a capacity of 5 kg.
 For garment processing, the atmospheric Rotohose 
machine (Roaches) [8] is available in a range of sizes. 
The TWA (Mathis) drum dyeing and washing machines 
(capacity 1–5 kg) are available in atmospheric or high-
temperature versions [19,32].
 By definition, pilot plant should be capable of 
accommodating materials intended for production. Thus 
in the case of yarn packages, these will be produced to the 
production specifi cation whilst fabric dyeing machines will 
handle full-width production fabrics. The scaling-down of 
production exhaust dyeing machinery to produce a pilot 
plant version has, therefore, always seemed an attractive 
approach. It has been demonstrated, however, that a pilot-
scale package-dyeing machine is not a prime requirement 
for producing matchings for bulk [3] (providing an 
appropriate method of colour assessment is used), as 
mentioned later. With the possible exception of machines 
operating on the package-dyeing principle, both Marshall 
[1] and Smith [33,34] have criticised the viability of such 
small-scale machines for simulating bulk production, 
both in terms of colour reproduction and the physical 
characteristics of the substrate. White has raised this 
problem with regard to small-scale jet machines and also 
the diffi culties of drying and fi nishing short lengths [30]. 
These criticisms are certainly particularly valid in the area 
of fabric dyeing, especially since the scaling-down process 
does not produce a ‘scale model’ of the bulk machine. The 

attempted scaling down of production jigs, winches and jets 
inevitably results in changes of machine geometry, relative 
position of reels or rollers, distances between components 
and the time required for a complete passage of the fabric 
through the machine. Colour matching is much more 
successful when transferring a laboratory dyeing from a 
rotating-tube machine (run at the correct conditions) to a 
bulk jig, winch or jet than from the equivalent small-scale 
pilot machine [33,34]. However, the more serious concern 
is in terms of the physical characteristics of the fabric, 
often exhibited as running marks produced in small-scale 
winches or jets, due to the larger number of times the fabric 
passes through the pilot machine in a given time together 
with the changed machine geometry. Slowing of the fabric 
speed usually results in unlevelness.
 A major problem exists in trying to achieve level and 
crease-free results when processing fabric lengths in the 
range 1–20 m; longer lengths can be dyed satisfactorily by 
installing a jet machine with a capacity in the range 20–50 
m. Two alternatives have been found to give satisfactory 
results with these troublesome lengths in the 1–20 m range. 
The fi rst is to dye the fabric, as a number of short lengths 
if necessary, in a drum-type garment dyeing machine such 
as the Rotohose (Roaches). The second method is to equip a 
rotating-tube machine, such as the Pyrotec 2000 (Roaches), 
to accommodate several large tubes (capacity 4 or 8 l) in 
which 400–800 g of fabric can be dyed satisfactorily [14].
 To overcome the diffi culty of fi nishing short lengths 
of fabric, the Rotair (Roaches) was developed for drying 
and tumbling fabrics. The unit is designed to simulate the 
aerodynamic conditions in conventional batchwise rope 
tumbler/dryers and continuous open-width machines for 
relaxed drying and handle modifi cation. This equipment is 
particularly useful in the colour matching of Tencel fabrics 
but is also suitable for the processing of conventional 
woven and knitted fabrics.

LABORATORY TO BULK 
REPRODUCIBILITY
To achieve RFT bulk production, a high degree of 
reproducibility is required in three key areas [35], 
namely:
– accuracy and reproducibility within the laboratory
– accurate transfer and scale-up from laboratory to bulk 

and
– repeatability between bulk batches dyed to the same 

colour.

Methods of obtaining accurate and reproducible 
dyeing within the laboratory have been extensively 
discussed [3,8,35–37]. Key requirements include clean 
working conditions, appropriate, reliable and accurate 
laboratory equipment together with suitable procedures 
comprehensively documented in SOP [8]. To obtain 
reproducibility between bulk batches, the colour dispensary 
is a key area. It is little wonder that this area has received 
much attention as regards product rationalisation, stability 
to storage (including moisture content variation), weighing 
and dispensing of dyes and chemicals together with possible 
methods of automating this important function [38].
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 Undoubtedly the key factor in achieving RFT production 
is the transfer of laboratory recipes into bulk production 
and the level of accuracy that is obtained. In the past, 
many production dyers lacked confi dence in the accuracy 
of laboratory dyeings and were sceptical of their transfer 
into bulk. Often they would reduce a recipe from the 
laboratory by 10 or 15%, thereby ensuring one or more 
corrections. Guaranteeing reliable laboratory recipes that 
the production team can trust is the essential fi rst step 
in ensuring laboratory to bulk reproducibility, which is 
necessary if a consistently high level of RFT production is 
to be achieved.
 It is perhaps not surprising, therefore, that much has 
been written and a great deal of effort has been expended on 
improving laboratory to bulk reproducibility by analysing 
the factors causing problems and eliminating them in 
order to achieve this necessary objective [3,8,35,36,39–48]. 
A review of this literature indicates that the reasons for 
poor laboratory to bulk reproducibility are due to six major 
causes.

Weighing and measuring
The weighing of substrates, dyes and chemicals must reach 
the same high level of accuracy (to within 1% or less of 
target) both in the laboratory and in bulk. Variations in 
the proportion of moisture or impurities in the substrate 
can lead to major colour variations. The bulk dispensary 
must be equipped with a range of balances to cope with 
the need to measure widely differing masses to the desired 
level of accuracy. Techniques of dissolution or dispersion 
must be defi ned in both production and laboratory SOP. 
Variations in moisture content of dyes, often as a result of 
variable storage conditions, are a further cause of colour 
differences. Preparation of solutions or dispersions at 
appropriate strengths and the dispensing of these is a 
key factor in reproducible laboratory dyeing. Solutions or 
dispersions of dyes often have a short shelf-life and thus 
must be frequently renewed.

a well-prepared fabric (as judged by pH, size and hardness 
salt contents), short-term variations in dyeability across the 
width and along the length can produce colour differences 
in ∆ECMC of at least 1.2 units and colour strength variations 
of ± 15% [50].

Application variables
It is impossible to achieve RFT production if the controlling 
factors in the dyeing process differ signifi cantly between 
laboratory and bulk-scale procedures [8]. These include 
the water supply used, the substrate, sources of dyes and 
chemicals, application technique (liquor ratio, pH, time/
temperature profi le for heating and cooling), aftertreatments 
and the composition of the substrate. These variables must 
be controlled so that differences between laboratory and 
bulk are eliminated.

Dye selection
The care taken by reputable dye manufacturers in 
standardising dyes and the rules that govern this procedure 
have been described [51]. These reliable suppliers make it 
easier to select a range of compatible dyes and auxiliary 
chemicals that enhance the attainable laboratory to bulk 
reproducibility performance [44,51]. Product substitution 
by so-called equivalents can result in a significant 
reduction in reproducibility [46,51]. Tonal differences are 
particularly critical but these can be taken into account 
using a mathematical model that has been demonstrated for 
the mutual interaction of anionic dyes [52]. Dye selection is 
important and criteria for selection of different dye classes 
have been established for interaction between dyes and 
the infl uence of levelling agents [42]. For reactive dyes on 
cellulosic fi bres, where laboratory to bulk correlation is 
extremely sensitive, a computer program allows recipes to 
be adjusted for changes in liquor ratio and the alkali used 
[42]. So-called ‘systematic’ mathematical models involving 
calculation of the various factors in the dyeing process also 
improve reproducibility [53], whilst computer programs 
are available for the major fi bre/dye classes to optimise dye 
selection and the dyeing process [54].Substrate quality and preparation

Marshall suggested that the quality and preparation of 
certain substrates for laboratory dyeing had always been a 
problem but expressed (unwarranted) confi dence that this 
diffi culty would eventually be overcome [1]. Substrates 
for use in laboratory dyeing should always be prepared 
thoroughly under bulk conditions. ‘Well prepared is half 
dyed’ is often quoted for bulk dyeing but this applies 
equally to laboratory procedures. The sourcing and 
preparation of cotton fabrics for dyeing with reactive dyes 
has been discussed [49], although many of the principles 
apply equally to other substrates of natural origin. The 
preparation of cotton fabrics has become more diffi cult 
since Marshall’s comments [1], because the increasing use 
of pesticides, fertilisers and harvesting aids to enhance crop 
yields has resulted in a signifi cant further contamination 
of raw cotton. These impurities are not always successfully 
removed in the preparation process. Residues of size and 
hardness salts on cotton fabric that would be removed 
in jet dyeing often remain in situ or are redeposited in a 
laboratory dyeing vessel, yielding an unlevel dyeing that 
cannot be assessed accurately for colour. Evaluation of 
cotton fabrics prepared in bulk has shown that, even with 

Laboratory machine operation
It has already been noted that colour matching for bulk 
processing is more successful when laboratory dyeings 
are carried out on a rotating-tube machine [33,34] and this 
has been confi rmed in many dyeing operations [55]. The 
unsuccessful results obtained in a typical batch process 
dyehouse using traditional control measures have been 
reported [8]. This performance can be greatly improved 
by controlling all the decisive factors that can impair the 
laboratory to bulk reproducibility [8]. An important aspect, 
however, is to ensure that the laboratory dyeing equipment 
accurately reproduces the conditions prevalent in bulk 
production, including parameters such as liquor ratio, 
time/temperature profi les and dwell times at the target 
temperature. Aftertreatments, such as soaping, must also 
be carried out in the laboratory machine.
 The selection of laboratory dyeing equipment to achieve 
accurate colour matching in bulk has been described 
[34], including the use of sophisticated laboratory systems 
to obtain process optimisation [34,46,56]. The factors 
which must be considered for the accurate conversion of 
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laboratory recipes to bulk production, including machine 
parameters for both exhaust and continuous dyeing, have 
been discussed [45]. Laboratory dyeing equipment which 
produces recipes for accurate scaling-up to production 
has been described [21,43]. Conversion factors have been 
developed to obtain correlation on various laboratory 
machines [46]. However, it has been underlined that there 
is little point in achieving improved laboratory to bulk 
matchings if bulk reproducibility is poor, since overall 
effi ciency is not improved [8,44].

Colour assessment
Whether visual or instrumental techniques are used for 
assessing colour, SOP must be established to defi ne the 
preparation and presentation of the sample. The standard 
sample (target to be achieved) and the laboratory- or bulk-
dyed specimen must be in the same condition and form 
in order to ensure meaningful assessments. A small hank 
of yarn cannot be accurately assessed against a card-
wrapped sample, a yarn package or knitted fabric. The 
drying method used and the conditioning of the sample 
can modify the perceived colour [44]. Following drying, the 
dyed sample must be conditioned before assessment and 
this is conventionally carried out for 16 h at 22 °C and 65% 
relative humidity. However, a rapid conditioning cabinet, 
such as the Vindon equipment [57], will condition samples 
in 30–60 min with respect to humidity, temperature and 
light. In the Raitech QuickCondition equipment [58] 
samples are centrifuged, dried and conditioned in ca. 
20 min. Visual methods of colour assessment have been 
discussed [59] and the importance of standardised viewing 
procedures and environments has been stressed.
 It is perhaps unusual for a commercial dyer to divulge 
the methods that have been used to obtain RFT production 
by blind dyeing techniques but two such case studies 
involving reactive dyes on cellulosic fabrics have been 
published which underline many of the factors discussed 
above [60,61].

measures can show wide variations [8]. However, even 
with traditional volumetric glassware together with careful 
weighing and measuring, a high level of reproducibility 
can be achieved if staff training is adequate [66,67] (see 
Table 2).
 It was therefore logical that solution or dispersion 
preparation and the dispensing of these to make up the 
dyebath became early priorities for laboratory automation. 
This type of equipment was described [39,40,62,68] and 
rapidly became available from various sources [62], 
including suppliers of CCM systems and companies already 
making production dispensing equipment. This equipment 
can be supplied as two separate units or alternatively the 
dissolution or dispersion stage can be incorporated into the 
dispenser [69]. Volumetric and gravimetric methods can be 
used with the latter giving increased accuracy. The obvious 
advantages of such equipment are the improvements in 
accuracy, speed and productivity with a possible reduction 
in technician requirements.
 The advantages and disadvantages of automated dyebath 
preparation were discussed [62,68], the major problems 
being the high initial cost and the prodigious capacity of 
the equipment. This underlined the need for a feasibility 
study and a cost–benefi t analysis before purchase [68]. Only 
dyeing laboratories with a consistently large throughput 
could possibly justify such an investment on cost grounds 
although improved accuracy and increased productivity 
were unquestionable. An advantage of this approach is 
that the dispensing system can be interfaced with the CCM 
system, so that recipes can be automatically transferred 
to the dispensing unit for preparation. Interfacing of 
balances with the system enables substrate weight data 
to be transmitted to the computer for recipe calculation, 
so that non-specifi c amounts (rather than e.g. exactly 5 or 
10 g) of substrate can be used in the dyebath.
 The first generation of such dispensers, virtually 
without exception, and many current models depend 
on plastic tubes to deliver the dye solutions from the 
storage bottles to the dispensing head which leads to 
problems of tube staining and maintenance. With typical 
dispensing systems, such as the Autolab (Datacolor) range, 
the selection of an appropriate combination of options 
is possible with regard to space requirements, number 
of products to be dispensed and productivity required. 
To ensure a highly reproducible operation, dispensing is 
carried out gravimetrically. A number of attempts have 
been made to replace the multi-tube delivery system to 
overcome maintenance difficulties. In the Modulo GT 
(Datacolor) range, valves can be either tubed or tubeless. In 
the latter, the dye is dispensed from a valve in the bottom 

Table 2  Comparison of the average colour difference (∆ECMC) for the dispensing methods

Dispensing technique ∆ECMC Refs

Manual solution preparation and manual pipetting Within technician avg. 0.83 (max. 3.4) 8,35
 Between technician avg. 1.44 (max. 4.7) 8,35

Manual solution preparation and manual pipetting using Grade A glassware Avg. 0.2 (max. 0.8) 67

Totally automated solution preparation and dyebath preparation 0.4 8
Automated solution preparation but using an EDP for dyebath preparation 0.26 8

AUTOMATION AND ROBOTICS
A review of the accuracy of laboratory dyeing performance 
indicated that the limited data available revealed wide 
variations [3,62]. The authors of two papers in particular 
were critical of weighing, measuring and dispensing 
techniques [63,64]. Gaunt bemoaned the use of ‘pea-shooter’ 
pipettes in the preparation of dyebaths [65]. More recent 
work has shown that dyeings produced by one or more 
laboratory technicians operating without adequate control 
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of the dye bottle and this is a useful method for dispensing 
dyes of low stability or those, such as disperse dyes, that 
readily stain plastic tubing. Software for the Autolab units 
runs under Microsoft Windows 95. Multitasking offers 
integration of data on all products used, with the capability 
to group products together according to compatibility 
and suitability for specifi c substrates. A recipe dispense 
queue is maintained to ensure optimum working priorities. 
Computer-controlled dispensers formulate the required 
recipes accurately and automatically. Automatic agitation 
and tube cleaning ensure consistent concentrations [70].
 In the ColorService LAB/T dosing system, dispensing 
is carried out gravimetrically through valves directly 
into the dyeing vessel. With the Dosorama V (Techno 
Rama) dispenser [18], solution transfer is carried out by 
means of a syringe/pipette system shared between all 
the solution bottles. In the Dosorama W version, there is 
a dedicated pipette for each solution. The Robolab 240 
(manufactured by Talos and marketed by Sclavos) uses 
robotic handling systems and patented dye containers to 
dispense individual dyes [15]. In late 2003, Datacolor fi rst 
introduced the Autolab TF (tube-free) range of dispensers 
in which dye is transferred from the storage bottles to the 
dyeing tubes using a robotically-operated syringe injector, 
with a dedicated syringe for each solution. Dispensing 
is carried out gravimetrically with excess solution being 
returned to storage after each dispensing operation. The 
dispensers can be supplied with or without an automatic 
load/unload conveyor for dyeing tubes with solution 
preparation being carried out on a separate unit.
 An alternative of lower cost is the 665 Dosimat 
(Metrohm) for solution and dispersion preparation [71]. 
Relatively inexpensive electronic dispensing pipettes (EDP), 
such as the Rainin 10ML, are used for dyebath preparation 
[8,62]. The accuracy achieved using automated laboratory 
dispensing of both types described above has been reported 
[8,44,62,68] (see Table 2). Whilst this latter approach brings 
highly accurate dispensing and reproducible dyeing to even 
the smallest laboratory, dispensing is not interfaced with 
a CCM system and therefore total laboratory automation is 
not possible. However, the Dosimat can be placed inside a 
laminar-fl ow cabinet, thereby meeting health and safety 
requirements regarding the extraction of aerosols produced 
during the weighing process. With all dispensing systems, 
the short shelf-life (several hours to a few days) of many dye 
solutions or dispersions means that they must be freshly 
made for use and replaced before they begin to deteriorate. 
A comparison of the accuracy of various methods for 
preparing dyebaths for repeat dyeings is given in Table 2.
 Many of the other functions of the dyeing laboratory 
can also be automated, but at a cost [3,8,62,68,72]. Only a 
comprehensive cost–benefi t analysis, taking into account 
initial investment, improved accuracy and productivity, 
can determine which functions are worth automating. 
However, fully-integrated systems that encompass substrate 
weighing, recipe calculation, dissolution or dispersion 
and dyebath dispensing are well-established worldwide. 
By 1998 there were over 170 such units from Datacolor 
in 28 different countries [73]. In 2003, there were more 
than 100 such units being used in the UK alone. Major 
improvements in accuracy and productivity are achieved 
with short payback periods [73].

 The Aladys (automated laboratory dyeing system) [74] 
was developed by Ciba in close cooperation with several 
equipment suppliers, including Jasper, Van Wyk, Kurabo 
and Stork together with Demaurex, the robotics producer. 
Development took five years and cost an estimated six 
million French francs. Exhaust dyeing is carried out 
on woven or knitted fabrics, using 84 dyeing stations 
which allow 250 dyeings to be produced every 12 h. The 
components of the system include the preparation line, 
liquor formulation, dyeing range and sample distribution 
(with drying, unwinding, labelling and reporting). Material 
preparation consists of winding a predetermined quantity of 
fabric onto a perforated tube. In the preparation of the dye 
liquor, dyes and chemicals can be dispensed in powder or 
liquid form. The dyeing stage consists of fi lling the dyebath, 
heating, circulating and cooling. The fi nal stages are drying 
and unwinding and a report is produced containing full 
details of the process used. Powder dispensing and substrate 
winding are new patented technologies. Comparisons of 
Aladys with conventional procedures claim the main 
advantages to be savings of 80, 50 and 80%, respectively, in 
water, energy and steam consumption with a requirement for 
80% less fl oor space. As far as is known, only one complete 
unit has been built but it is likely that components of the 
unit may be incorporated into other systems.
 ColorService of Italy, a market leader in production 
dispensing equipment, has developed the Superlab 
consisting of ten dyeing units, in effect simulating a ten-
machine production dyehouse [21,75]. It is designed to 
improve RFT reproducibility by blind dyeing techniques. 
The only manual operation is the preparation of greige 
material which is then loaded onto one of four types of 
dyeing frame and entered into the machine by a robot. 
Dyeing is controlled by a supervisory PC that can be 
preprogrammed with up to 24 h production. For operation, 
the Superlab is combined with two other units of 
ColorService technology:
– MP Micropowder system for fully-automatic dissolution 

or dispersion of dyes
– Laboratory dispenser 2000 for fully-automatic 

dispensing of dyes and chemicals direct to the Superlab 
dyeing units.

The following parameters are controlled by the Superlab 
system:
– up to 200 fabric samples are stored in four types of 

sample holder
– the robot selects the fabric required and automatically 

loads the frame into the required dyeing unit
– automatic recipe input from CCM system
– automatic dissolution or dispersion of dyes
– automatic recipe dispensing of powder dyes and 

chemicals (including salt, etc.)
– each dyeing unit controlled by microprocessor, 

including time/temperature profile (up to 130 °C), 
liquor ratio (range 3:1 to 30:1), pH control during 
dyeing

– washing off at prescribed liquor ratio
– automatic sample drying
– sample presentation to spectrophotometer for quality 

control and correction, if required.
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Several of these units are in operation worldwide.
 Modifi cations have been made to the Superlab to enable 
it to simulate cold pad–batch dyeing procedures [76]. Pad–
liquor preparation and impregnation to give the correct 
pick-up is fully automated in the dyeing unit. Fixation and 
washing-off are automated to give the desired conditions. 
Future developments are planned to include the ability to 
carry out pad–steam and thermosol dyeing. Techno Rama 
have developed a robotised laboratory dyeing system, 
Dos and Dye, by combining the solution preparation and 
dispensing facilities of the Dosorama series with a multi-
position, fully-controlled laboratory dyeing machine, the 
Minidyrama [18].
 Several authors have discussed the control of dyeing 
processes using online spectrophotometry of the dyebath 
[77–80]. High accuracy was obtained using an inline optical 
cell linked to a CCM system, using a multiple-path cell and a 
temperature compensation system. By these means, problems 
usually associated with the absorbance–concentration 
relationship and the effects of temperature on the absorbance 
have been overcome [79]. This system has been used to 
control a pilot-scale package-dyeing machine which was modi-
fi ed to give computer control of temperature, pH and fl ow 
rate, the operation of an addition pump and calculation of the 
dyebath concentration using an inline concentration analysis 
cell. A high degree of exhaustion control was achieved by 
either conventional all-in or continuous addition methods 
[80]. Despite the availability of such pilot plant and the ability 
to link spectrophotometers to laboratory dyeing equipment, 
this technique has not been adopted in bulk production dye-
ing. Integration dyeing [81,82] is a technique in which dyes 
are continuously dosed into the dyebath at the same rate as 
exhaustion by the substrate is taking place. This approach has 
been evaluated only under laboratory dyeing conditions.

retailer has been discussed [90]. The colour selection 
process, the generation of colour palettes and production 
of master standards by traditional means and using 
digital colour communication have been described [4]. 
Digital colour communication facilitates quick response 
in colour selection and product development, enabling 
the assessment of development and production samples 
without physically despatching them. Major time savings 
and cost benefi ts are achieved in colour communication 
for matching, standard generation, communication 
with suppliers and quality control in the end product 
from either the laboratory or bulk production. A further 
advantage of this method is that the ‘virtual match’ shown 
on the screen will defi ne the limits of shades that can be 
obtained using commercially available dyes contained in 
the prediction programmes of the CCM system.
 Digital colour communication and the equipment 
required have been reviewed [91]. The necessary hardware 
and software are available but real success depends on 
adequate training of operators and application of correct 
procedures by the systems manager. Web-based colour-
management software involves relatively low installation 
and running costs [92] but as with much technology of this 
kind, acceptance and market penetration has been slow 
[93].

CONCLUSIONS
In the current economic environment, where pressures 
on cost, delivery and quality are forever increasing, the 
laboratory must be the nerve centre of the dyeing operation 
and thereby contribute signifi cantly to the ability to give a 
quick response through RFT production. At the same time, 
major improvements in effi ciency and productivity are 
possible, with major cost savings and increased profi tability. 
Small-scale laboratory dyeing equipment, supported by 
CCM and automated weighing and dispensing, ensures the 
provision of a matching service that will reproduce into 
bulk, provided the necessary strategy and training is in 
place. Digital colour communication can increase the speed 
of the matching service, the generation of colour palettes 
and the production of master standards.
 Whilst pilot-plant machines have an important part 
to play in process and product development, the colour 
matching problems inherent in attempted scaling-down 
of bulk-scale machines must be recognised. Inadequate 
preparation of fabric for laboratory dyeing also leads to 
problems of unlevelness and shade variation.
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