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INTRODUCTION
For a variety of reasons, including escalating costs and
harsh economic or commercial climates, major objectives
in the dyehouse are to improve the efficiency of dyeing by
reducing dye-cycle times and increase the reproducibility
so that ‘no-addition’ or ‘biind-dyeing’ techniques can be
introduced. For this to be achieved, a number of factors
have to be controlied within set limits and these have been
enumerated previously [1-6]. Some of these papers have
discussed what has now become known as the ‘limits of
accuracy' required in dyeing to achieve these objectives
[1-5,7]. Many of these papers list weighing and
dispensing of dyes and chemicals as a major factor in
obtaining high levels of reproducibility., It was
demonstrated by Sumner [8] thatinaccuracy in weighing
and inaccurate measurement of volume were two of the
principal causes of poor reproducibility. Stanziola [9] has
attempted to quantify the colour differences caused by
dye weighing errors. Several factors in dye selection [10]
have a bearing on the weighing and dispensing of the dye.
In view of this recognised importance of the dye dispen-
sary, itis perhaps surprising that Dickensian conditions, or
worse, still exist in this area of the dyehouse [11]. The
present paper is intended to review the published informa-
tion regarding the various aspects of dye dispensing but at
the same time to underline the important items which
must be considered in the dyestore.

COLOUR STORE DESIGN

Itis standard practice toisclate the dyestore from the main
dyehouse to prevent contamination of work in progress by
dye particles liberated into the atmosphere during
weighing and dispensing. These stores were usually on
the ground floor and often the dye was simply weighed
into buckets, jugs or scraps of paper for the dyeing
machine operative to add to the machine — hopefuily in its
entirety and by approved methods. Similar methods were
employed for auxiliary products and chemicals. Some
improvement in reproducibility results from the instal-
lation of mixers in this form of dyestore but the transfer of
dyes to the machine is still by the bucket method and the
location of any particular shade can often be traced to the
dyeing machine by following the coloured trail left by the
operative. Dispensing directly to the machine from ground
floor dyestores is possible but requires the use of pressure
pump systems which are often difficult to clean.

Where itis not possible to design a dyestore on an upper
floor hbecause of building restrictions, mobile dispensing
tanks can provide a first step towards centralising dye and
chemical handling. The dyes and chemicals are dissolved
in the colour store, the tank is moved to the dyeing
machine by means of castor wheels fitted to the frame of
the tank and the liquid is then transferred to the dyeing
machine by means of a pump. Such tanks are available
from a number of suppliers [12-15].

A major advance occurred when dyehouses were
designed on a two- or three-tier system [5] and the
dispensary could be situated on the top floor and the dye
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and chemical solutions fed to the dyeing machine by
gravity through pipework. In practice, the removal of all
dye handling from the dyeing machine operative probably
achieves the biggest single step in improved reproduci-
bility. A saving in labaur also results,

Three-tier installations are advantageous for package-
yarn dyeing operations since the pumps and services can
be instalied in the basement and the colour store on the
first floor or on a mezzanine. For fabric dyeing operations,
a two-tier design is usually adequate. The design of a
purpose-built package dyehouse on a three-tier principle
has been described [16] and a more recent paper has
discussed the updating of a package dyehouse utilising
existing buildings to incorporate a mezzanine dispensary
[17]. A further paper {18] discussed dispensing in a
loose-stock dyeing facility.

The literature abounds with descriptions of autemated
dyehouses and control systems and many of these give
details of the arrangements made for dye dispensing.
These total systems have been the subject of a previous
review [4]. The benefits, requirements and layout for a
dye dispensary based on a three-tier system have been
discussed recently [19] whilst a short, general review
dealt [20] with automated dispensing.

In the dyestore, it is advantageous to have a dry area for
storage of dyes in immediate use and for weighing, with
an adjacent, wet area for dissolving and dispensing. A
bulk store, usually on the ground floor, contains the
unopened bulk stock and a lift is provided for transference
of this to the dispensary as required. The floor in the
dispensary should be chemically resistant and of
sufficient weight-bearing capacity to allow for the traffic
of heavy containers. A weight-bearing capacity of 200
lbs/ft2 (975 kg/m?) is usually cited. Walls and floors
should allow for easy and regular cleaning. For a dyehouse
dyeing around 50 tonnes per week with a rationalised dye
range of around 60 dyes, a dispensary of approximately
140 m2 with a similar bulk storage area would be adequate.
In view of the steelwork, water and chemical resistance
and rendering of the surface that is required, a building
cost of £300 per m2would probably be realistic.

Suitable racking for dyes and palletisation for chemicals
is normally provided, Attention must be paid to the
working environment so that stearmn from the dispensing
area and dust from weighing is removed, not only for the
benefit of operatives but to avoid contamination of other
dyes and chemicals. The variability which can occurin the
moisture content of dyes caused by changes in ambient
conditions has been studied [21] and this variation can
result in severe colour differences. Accordingly, it is
almost mandatory to install adequate ventilation or air-
conditioning in the dyestore. Adequate head room should
be provided and it is normal to ensure that the air is
changed completely at least six to ten times per hour.

PACKAGING AND STORAGE
The various types of packages used for transport and
storage of materials used in the dyestore have been



described adequately elsewhere by Holme [22] . The wide
variation which exists in package design and size, often
influenced by the packing density of individual dyes,
complicates the design and provision of suitable storage
racks and bays. The availability of prepacked powder in
hermetically sealed bags to avoid the need for weighing
and the use of tanker deliveries of liquid dyes have not
become widely used techniques. The latter method, using
palletised containers, is attractive when a large weight of a
small number of dyes can be used, such as in the
producer-dyed-fibre operation. A carousel arrangement
for the storage of dye containers with ease of access
during use is available [12].

HANDLING OF CHEMICALS

In many preparatory, coloration and finishing processes
large weights of chemicals are often required and bulk
storage is an attractive proposition. An early attempt to
overcome the problems of handling the large weights of
soda ash required in wool scouring resulted in the Wira
Automatic Dissolving Unit [23]. Tanker deliveries of
powdered sodium carbonate were blown into the hopper
of the unit and the strength of the solution obtained was
checked by density measurement. A powder dissolving
station to give rapid and dust-free solution preparation has
been described {13]. Systems for measuring bulk
chemicals or auxiliary products from bulk storage tanks
are available from a number of suppliers [12-14,24]. In
the latter equipment [24], wet-on-dry (for batchwise
applications) or wet-on-wet (where chemical solutions are
delivered directly to the saturator in continuocus
processing) systems are available. When such systems are
not used, weighing and dispensing of chemicals, auxiliary
products and finishes have much ih common with that of
dyes as described below.

WEIGHING

Weighing is a critical area in obtaining reproducibility in
dyeing and repeatable and accurate weighing to within
1% is desirable, if not mandatory. The weighing of
auxiliaries and chemicals require to be of the same degree
of accuracy as the dyes themselves. Accordingly, at least
two balances are provided, one ta handle weights up to
1 kg and the other to handle the larger weights. For smali
percentages on small dyelots, it may be necessary to
prepare dilute solutions from which the dye is measured
for dispensing.

Modern balances are available from a number of
commercial suppliers and are capable of being interfaced
into recording instruments or intc microprocessors. The
use of digital read-out balances with the option of either
print-out or memory facilities have been described [25].
The latter can be used in conjunction with computer
systems. Automatic weighing has been discussed in
detail by the same author [26]. Two papers [27,28] have
discussed the development of electronic balances and the
provision of an automated weighing system, which has
stock control facilities.

A number of commercial weighing systems are
available at varying levels of sophistication. These range
from a relatively simple recorded weighing system [29],
through the provision of weighing together with recipe
storage and stock control [24] to an advanced system in
which the weighing facility is part of a total colour physics
package [30]. Thus, it is apparent that the functions of
recipe storage and retrieval on the one hand and perpetual
inventory on the other can be obtained either as part of a
monitored weighing system or as part of a complete
colour physics package. The latter method will, however,
allow for automatic updating of the recipes on file to cope

with variations in dye deliveries or substrate changes. A
completely automated system which included weighing
and dispensing has been discussed [1,31].

DISPENSING

In the well-managed dyehouse, standard methods will
be available for dissolving or dispersing dyes, in the same
way that standard application methods are maintained. In
addition, dye manufacturers give recommended methods
for the preparation of dye solutions or dispersions and
these should be foliowed. After any initial pasting which is
necessary, the dye can be added to the dispensing tank
and diluted. These can be either conical or cylindrical in
shape and usually consist of the following facilities:

— Automatic level control for filling

— Steam heating and temperature control

— Stirrer

— Prain to machine

— Drain to waste for cleaning, etc.

— Rinse ring — usually a perforated pipe round the top

—Hot and cold water supply, often through the per-
forated ring.

The dispensing tank thus requires the normal services of
hot and cold water, steam, electricity and compressed air
for actuated valves. The need to use the correct type of
stirrer has been stressed [32]. The number of dispensing
tanks per dyeing machine is influenced by the process
employed, dye classes used and the number of discrete
additions required. The various functions of the
dispensing tank can be controlled manually from a
machine panel situated at the dispensing tank or, more
likely, as part of an overall computer control system.
Liquor is fed from the tank to the dyeing machine by
stainless steel or glass pipework. The latter is often
preferred since its state of cleanliness is readily seen and
the glass is easily kept clean by dispensing ‘reduction
clear’ type liquors.

When dispensing from overhead dispensaries, enough
pause time must be left at the appropriate phases of the
dyeing program to allow time for the liquors to travel to the
machine and for the dyebath to homogenise. Ramps
shouid not be started through critical temperature zones
before dispensing is complete.

The total dispensing facility including dispensing tanks
and control equipment is available from a number of
suppliers [12,13,33] and details of an installation based on
conical tanks has been given [34].

PHYSICAL FORM OF DYE

The physical form in which the dye is supplied can be an
important factor as regards dye dispensing [10]. With
solids, the use of non-dusting powders or grains is
preferred and consideration must be given to the use of
liquids. Developments in the physical forms of dyes have
been reviewed [35]. Products which allow ease of
handling and dispensing are essential, especially where
large volumes are needed such as in the carpet industry.
Equipment such as the Then-Mixomat XM has been
developed for the automated dispensing of liquid dyes.
The use of the latter is likely to increase, not least on
handling grounds but also for health and safety considera-
tions. The increasing use of low liquor ratios in dyeing and
automated dispensing places great importance on the
solubility and dispersion properties of dyes and careful
selection of these may be required.

AUTOMATION

As has been mentioned above, the actual dispensing
function can be controlled from a local panel by means of
actuated valves, but it is more likely that this will be part of
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a control system which also controls the dyeing machine.
One system has been described [31], in which weight of
substrate, weighing and dispensing of dyes, dyeing
machine control, colour physics requirements, recipe
storage and retrieval, inventory and management infor-
mation were all controlled by one central computer
system. Current practice would appear to favour the use
of dedicated systems to control the various functions.
Thus, one system will control the dispensing and dyeing
operation while another will monitor weighing. Dyestore
management, such as inventory control, and recipe
storage can be undertaken by either the weighing system
or by the colour physics computer.

CONTINUOUS DYEING AND PRINTING

Although this review, so far, has been concerned with
batchwise processing, much of what has been said is
relevant to continuous dyeing and printing. In the latter
processes, large volumes of dye liquor are often required
and weighing and dispensing equipment becomes essen-
tial. The principal difference from batchwise requirements
is probably the means of dispensing to the machine, since
in continuous processing, metered delivery is likely. The
Autoweigh 2 [24] was developed specifically for printing
but several other weighing systems are satisfactory for use
in continuous dyeing and printing and many of the
systems for handling chemicals can be usefully employed.
A number of manufacturers [12,15] supply dispensing
equipment specially designed for continuous dyeing and
printing operations. A review of automation in the
dispensary [36] made special mention of equipment and
techniques for continuous dyeing and printing. The
control of continuous dyeing, including dispensing, was
discussed by Short [37].

HEALTH AND SAFETY

Health and safety as regards the handling of dyes and
chemicals is an important topic for both the dye
manufacturer and user [10]. For the latter, the colour
store and dispensary are areas of special concern. The
safety and toxicological aspects of handling dyes and
chemicals has been discussed [ 38,39} and potential envir-
onmental problems associated with the manufacture and
use of dyes has been reviewed [40]. The influence of the
physical form of the product has already been mentioned
above.

A code of practice for the safe handling of dyes in the
colour store has been published [41] and this places
responsibilities on manufacturer, dyehouse management
and operative alike. For the dye manufacturer, this means
supplying dyes in a physical form to reduce dusting and in
a package which allows ease of handling and good house-
keeping. For dyehouse management, this entails the
provision of well-designed colour stores and dispensaries
with adequate handling equipment and ventilation,
suitable off-job refreshment and washing facilities,
protective clothing and supervision. For the operative,
good housekeeping practice must be observed, the facili-
ties and protective clothing provided must be properly
used, personal hygiene must be of a high order and
handling instructions or guidance notes on safety must be
observed,
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Many of these requirements are not only applicable for
health and safety reasons but are necessary to ensure the
correct working of the dispensary. Correct selection and
training of colour store personnel is vital and it is often
forgotten that these operatives are key workers who can
influence greatly the efficiency of the dyehouse [22].
Useful information on health and safety has been given
[32,42,43].

MISCELLANEOQUS

It has been suggested [44] that dye liquors should be
checked at the concentrated dispensing tank stage so that
any errors can be found before dyeing commences. This
can be carried out by transmission measurements on
diluted solutions.

CONCLUSIONS

Although the literature on dispensing is relatively sparse,
the subject is often covered in papers dealing with
automation generally. The available literature has been
reviewed. The importance of weighing and dispensing as
regards the reproducibility in coloration processes cannot
be over-stressed. An indication has been given of the
points which must be considered for efficient operation of
the dyestore.
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