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Introduction

There has been considerable development in pro-

cesses and equipment to carry out the addition of

dyes and chemicals to cotton and polyester/cotton

yarns and fabrics over the past 30 years [1-6]. Since

the review by Knapton, five major changes have

occurred that make a further review necessary:

(a) The publication in English of The dosing
handbook, a key reference work on dosing [7]

(b) The change in form and type of the suppliers of
dosing equipment

(c) The developments in hardware (personal
computers (PCs), programmable logic controllers
(PLCs), flowmeters, weighing machines, etc.)

(d) The development of software to control and
network the hardware

(e) The popularity of the World Wide Web (‘the web’).

The dosing handbook was not specifically written for
the textile industry but considers the dosing process
in terms of key elements (e.g. metering pumps,
powder dosing by means of screw feeds, flowmeters,
force transducers, etc.) using scientific comparisons
of each of the elements [7]. Sections of this book will
be referred to later when these elements are described
more fully.

The British group the Calico Printers Association
(CPA), latterly part of Tootal Group plc, was a major
force in automated dosing. The group also developed
dosing equipment for use in preparation, finishing
and foam application, and attempted to defray the
cost of these developments via sales through its sub-
sidiary Texicon, which was later acquired by Instru-
mental Colour Systems (ICS). ICS and Applied Color
Systems, which also made dosing equipment, were
taken over by Datacolor International Ltd (DCI). DCI
decided to cease provision of production dosing
equipment and many other companies sprung up in
the UK which included Bespoke Computers,” KD

t All dispensing equipment, software and support services
previously supplied by Bespoke Computers Ltd (in liquidation)
can now be obtained from Bespoke Textile Computer Systems
Ltd (www.bespoke-computers.com).

Associates and Ozark Systems to fill the gap. These
changes have been described by Coulton [8].

Change was not limited to the UK. Hans Pesch
ceased trading but some of its personnel went to
Kisters and a new producer, Anlagen und
Maschinenbau Karl Mutschink, appeared in the same
town. Many Italian companies had interests in dosing
but, on a production basis, this now seems to have
centred on just three. In the print sector Stork Brabant
originally obtained mechanical components from
Gerritse Systems Engineering (GSE) and to consoli-
date its position offered to buy GSE in the late 1980s.
This offer was refused and resulted in GSE producing
its own print paste dispenser [5], prior to Stork’s
ultimate acquisition of GSE in late 2000. Vanwyk
Systems, a traditional supplier of dispensing equip-
ment for printing, started to provide dye dispensers/
dissolvers. The major players are shown in Table 1
[9].

The programmable logic controller (PLC) was
invented in 1968 and it was not until its reliability
was demonstrated that it became universally accepted
as a process controller. The power and flexibility of
computers and controllers has increased considerably
since that time, usually with a decrease in cost.
Operating systems have become both graphical and
multitasking, allowing the application software to
bridge the gap between the machine language and
human language more easily. The websites of the
equipment suppliers allow the interested reader to
view their products and customer lists. The Patent
Office also has a website* and all patents quoted in
this review can be viewed there.

Dosing of chemicals involves measuring the weight
or volume of the chemical, mixing or dissolving that
chemical and then transporting the mixture or
solution to a process, usually under some form of
automated control. Before considering the individual
processes, elements common to all dosing operations
are first considered [10].
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Table 1 Major suppliers of dispensing equipment to the textile wet-processing industry

Category
Company A B C D URL
Arel Control (1971) Ltd Yes No No No www.arel-control.com
Bespoke Computers Ltd Yes Yes L Yes Yes www.bespoke-computers.com
ColorService srl Yes Yes P Yes No www.colorservice.net
Costruzioni Industrali Resine SpA (CIR) Yes No Yes No www.cirsrl.com
Gaston Country Dyeing Machine Co. Yes No No Yes www.gaston-county.com
GSE Klieverik No No Yes No www.gse.net
Industrial Automation Systems srl (IAS) Yes No Yes No
Anlagen- und Maschinenbau Karl Mutschink Yes Yes L No No
KD Associates Ltd Yes No No Yes
Kinder International Systems Ltd Yes No No Yes www.kindersolutions.co.uk
Kuans Micro-Auto Co. Ltd No No No No
Kiisters Prozesstechnik GmbH Yes Yes L No No www.kuesters.com
Lawer srl Yes Yes P Yes No www.lawer.com
MS Machinery and Systems srl No No Yes No www.acimit.it/company.htm
Ozark Systems Yes Yes L Yes Yes www.ozark.co.uk
Costruzioni Meccaniche Leopoldo Pozzi Yes Yes L No No www.pozzi.it
Scholl AG Yes No No No www.scholl-global.com
Stork Brabant BV No No Yes No www.storktextile.com
Termoelettronica SpA Yes Yes P Yes No www.termoele.it
Then Maschinen- und Apparatebau GmbH  Yes Yes No No www.then.de
Thies GmbH & Co. Yes No No No www.thiestextilmaschinen.de
Vanwyk Systems BV Yes Yes P/ Yes No www.vanwyk.nl
Categories:
A Chemical C Print paste

B Powder (P) or liquid (L) D Checkweigh

Elements common to many dosing
systems

PCs, PLCs, software and signals
Since the invention of the transistor, the electronics
industry has endeavoured to pack more and more
components onto a single slice of semiconductor.
Initially this was small-scale integration used to
construct electronic building blocks such as logic
gates, flip-flops and latches, which led to the first
dyeing machine controllers and the basis for the
Tootal Patents [11]. Integration rapidly developed, cul-
minating in the creation of the microprocessor [12].
The PC can be regarded as consisting of six sections
[13]:
(a) A motherboard on which is mounted a socket for
the microprocessor (CPU) and slots into which
expansion modules may be plugged
Internal data storage in the form of dynamic
(RAM) and static (ROM) memory, mounted on the
motherboard
External, non-volatile data storage (hard disk
drive, floppy disk drive), connected to the
motherboard by ribbon cables fitted with suitable
connectors
An output unit or display usually in the form of
a monitor connected to a video card located in
one of the expansion slots on the motherboard
One or more input devices (keyboard, mouse,
joystick, scanner, bar-code reader, etc.)
(f) A suitable case.

(b)

(e)
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An operating system is the software that controls the
running of programs providing such services as
resource allocation, scheduling, input/output (I/O)
control and data management. Nowadays the industry
standard system for business is Microsoft Windows.
Microsoft also provides a driver for open database
connectivity (ODBC) that allows almost any other
database to be read by the company’s software [12].
This communality is most useful for dyehouse
integration, including dosing systems. In a typical
colour matching and recipe generating application the
recipe and process details are stored in a database that
can be read by other applications running on other
machines, which call the ODBC driver.

Different computer hardware configurations are
available for commercial use, all of which tend to
have better stability than PCs for the home. For dyeing
machine controllers customised backplane systems
have traditionally been favoured that are really PLCs
(Beacon, for example, favoured Hitachi micro-
processors in many of its less sophisticated
controllers). PLCs are digital electronic systems that
use programmable memory for the internal storage of
instructions for implementing specific functions
(timing, counting, etc.) to control machines or
processes [14,15]. PLCs were replacements for logical
sequences controlled by relays, and can be regarded
as specialised computers with great reliability and
stability associated with their stripped-down nature
(the absence of a keyboard or display). Another



advantage is the development of fieldbuses, which
allow easily installed, distributed I/O, eliminating the
massive wiring associated with traditional I/O boards.
Many dosing system suppliers, however, simply plug
in a programmable I/O card into one of the ISA
(industry standard architecture) slots.

Control signals are either analogue or digital.
Analogue signal processing and conditioning is
expensive and so analogue I/O boards were usually
customised for the dyeing machine controller. There
is a move away from this to distributed I/O on a bus.
All electronic weighing systems output an analogue
signal. The integration of this dispensing station with
other aspects of dyehouse management has been
illustrated in various literature [16-19]. A paper by
Pearson has given an interesting overview on PC use
in the dyehouse [20].

Weighing

The traditional method of measuring weight is by
balancing the effect of a mass of unknown weight
with another of known weight by means of a beam
pivoting about a fixed point. This system was a
common method of laboratory weighing. In the colour
shop more robust mechanical pendulum scales are
frequently used (Figure 1). The pivotal point of such
scales can also be fitted with an optical encoder
sandwiched between a light source and a photo-
detector to produce digital output.
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Figure 1 Double pendulum scale

Mettler had started to develop electronic balances
in the late 1960s [21]. Later Sauter scales began to be
used in dyestores [22,23]. The advantages of the latter
include clear scale readability, automatic taring,
robustness, network connectivity and program-
mability. This last point makes the scale ‘more than
a scale’ in that it can be used as a counter, to store
and execute recipes and to express the output in

almost any unit. A user manual showing menus of
options available and how to program them can be
downloaded from the Sartorius website [24].

An electromechanical system for dyeing recipes
was described in 1976 [25]. These devices replaced
weight compensation with electrical compensation
and in doing so replaced the beam. Two electrical
methods have found favour: load cells and electro-
magnetic force compensation (EMFC). Mettler not
only produces its D (load cell) and K (EMFC) series,
but also an F series that uses frequency-modulated
force measurement.

Load cells are deformable metal bars or rods to
which are bonded four resistors called strain gauges
wired into a Wheatstone bridge. As the bar or rod is
deformed by a load, then the bridge goes out of
balance and the output signal is proportional to the
load. Sartorius supplies many load cell scales to the
textile industry and was favoured by Vanwyk and
Stork in Holland for their print paste dispensers. An
analogue signal is produced, which must be converted
to digital form by an analogue-to-digital converter
(ADC) to operate a numeric display. If the display is
within a bench-mounted scale then the conversion is
done within the scale enclosure. With platform scales
the load cells are within the platform and the
electronics will be in a terminal box, which acts as
the connecting point for a scale to a PC, printer or
network (Figure 2) [26-28].

EMFC was briefly described by Marklew [21] and
more comprehensively by Mettler personnel [29,30].
It works on a similar principal to a loudspeaker, in
that the essential element is a coil surrounding a
permanent magnet that is displaced by the load; a
current flows in the coil to restore its original
position. The displacement is detected by a separate
element of the scale using a photodetector [31].
Current is supplied to the compensation coil until the
deflection is zero. This current, an analogue value, is
proportional to the weight. EMFC scales also need
terminals to generate digital values to drive the
display. A typical arrangement is shown in Figure 3.

Vibration, draughts and other disturbances can lead
to inaccuracies and variability of the display; this is
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Figure 3 Mettler balance

overcome to some extent by the electronics. There is
a group of circuit elements called filters (used, for
example, to eliminate output ripple after rectification
of AC to DC) that can eliminate the effect of vibration.
Such filtering is usually done by the software. Most
displays need refreshing and by reducing the refresh
rate the variation of the final digits of the screen
display can be reduced or eliminated. The
programming of these filters and display options is
also illustrated in the Sartorius user manual [24].

The accuracy and precision of a scale can be
complicated matters. The preferred term for accuracy
in most national standards is ‘uncertainty’ since this
introduces a statistical measure. Precision is a term
used to describe the repeatability of a particular
weighing and is really the measure of importance to
the user. It implies that, whatever the true weight, the
scale will give the same scale reading every time the
weight is placed on the pan.

Within this area is the subject of calibration. Scales
should be calibrated using approved weights that
should be near the maximum loading of the scale.
Many scales offer internal calibration that does not
usually involve a weight but compares voltages or
currents from the load-measuring element of the
scale. This internal calibration is not as accurate as
using approved weights. Most dyehouses have their
scales maintained and calibrated by specialist
companies. In the UK the Institute for Measurement
and Control in conjunction with the National Physical
Laboratory have published a brochure on calibration
methods [32]. One of the companies contributing to
this brochure was European Instruments, a precision
weighing specialist. Norden has written on testing and
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calibration procedures, including a selection of check
sheets for carrying out these procedures [27].

Finally in this section checkweighing will be
considered. This means weighing a specific material
to a tolerance and then printing out a record of the
operation. In most cases (e.g. Smartweigh (DCI) [33],
Kinder Checkweigher [34], KD Associates’ system and
Bespoke’s Exact-Weigh system) the process is software
driven. The batch number is entered into the PC
controlling the checkweighing and the first chemical
to be weighed is displayed on a VDU with a ‘weight
bar’ and the scale reading is also displayed on the
screen. The program may also indicate which scale
to use and which container to put onto the scale, as
well as reminding the operator of the correct
dissolution procedure. The recipe and other details
will have been obtained from some central database.
The material being weighed will usually have a bar
code, which is scanned by a reader to indicate that
the correct material has been selected. As material is
added to the scale the weight indicated increases and
a red bar extends across the screen until the actual
weight is close to the required weight, when the bar
may change to yellow and finally green when within
tolerance. This weight will be accepted by the
operator and the system will move on by taring the
display and calling up the next ingredient of the
recipe.

Storage of the containers on paternosters or in
compact storage units clustered around the downdraft
booth containing the scale is particularly productive.
Checkweigh software providers must have a good
relationship with the recipe system provider as the
software will need to know the names and formats
of files used. Gaston County offers a simplified check-
weigh system (AccuWeigh) that can be used with a
semi-automatic powder dissolver (AccuMix) for
dyehouses that do not require full automation.

Checkweighing makes massive assumptions. It
assumes that the bar codes are correct and that the
material is taken from the scanned container. It also
assumes that no material is lost during transfer and
that the batch ticket is assigned to the appropriate
container of weighed material. Most continuous
processors do not accept this risk and will carry out
some sort of laboratory check before committing the
mixture to bulk use [35,36].

Pumps
Pumps transport fluids from one place to another and
so are an essential component of dosing systems.
They are usually driven by electricity, compressed air
or steam. Pumps may be broadly classified into posi-
tive displacement and kinetic classes, which in turn
may be further subdivided as shown in Figure 4 [37].
Pump selection is complex and certain factors need
to be established. These include the liquid to be
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handled, the total dynamic head, the suction and
discharge heads and, in most cases, the temperature,
viscosity, vapour pressure and specific gravity of the
fluid to be pumped [38]. The concept of head has
been described by Murphy [39]. For each subgroup
of pumps, curves can be plotted of total dynamic head
(m) or pressure (kg cm™) against capacity (m?3 s™),
and it is these characteristic curves that allow
engineers to select a pump for a particular job [38].

The kinetic pumps, particularly centrifugal pumps,
are most extensively used as they combine simple
construction with low cost and maintenance, yet they
are extremely flexible in application [39]. In textile
applications they are commonly used for liquor
circulation systems. This includes package dyeing
machines, side tanks on saturators and even liquid
dyes or dye solutions in storage vessels [40,41]. The
axial flow pump can also be used for these appli-
cations and is often found on jet dyeing machines
[42]. Axial flow impellers are also found in drum or
container pumps, which are used for transferring
liquids from small containers to large storage tanks.
Kinetic pumps can run against high resistance
(including a closed system). They are generally not
self priming.

Positive displacement pumps usually have a small
capacity and a pulsating flow. They must not be run
in a closed system and they can pump air as well as
liquid. They are self priming but the pumping cycle
cannot distinguish air from liquid. It is this group that
provides the widest selection of pumps for dosing
applications. Reciprocating pumps are typically used
in metering purposes [43]. Vetter has given a thorough
review of these pumps for dosing applications [7].
The rotary sub-group, particularly gear and lobe
pumps, are also frequently used for dosing.

Specialised rotary pumps, e.g. progressing cavity
pumps, are used as transfer pumps for corrosive
substances or liquids with suspended solids. Air-
operated diaphragm pumps are frequently used as
transfer pumps in chemical metering stations. The
ARO pump made by Ingersoll-Rand seems particu-
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larly popular but other makers do exist, e.g. Blagdon
Pumps, Verder Ltd.

The major pump manufacturers for dosing
applications in the textile industry include ProMinent
[44-46], Bran & Libbe (B&L), Seybarth & Raiher
(Sera) and Milton Roy [47].

Fans are effectively air pumps and are used to keep
the dosing environment free from dust or for
transferring dye powder to storage silos in dosing units.

Solids handling

Various devices are available for dispensing solids
such as salt, soda ash, Glauber’s salt, sodium
dithionite (hydros or hydro) and dyestuffs [7,38].
Perry divides the devices into two groups: conveyors
and feeders; both devices can be used alone for
volumetric dosing of solids. For higher-value solids,
such as dyes, the feeder usually supplies a container
on a scale to give greater accuracy. Glauber’s salt is
difficult to dissolve and has unusual solubility
behaviour and so most dyehouses add it directly, by
hand, to side tanks.

Conveyors are devices that transport solids over
relatively long distances either horizontally, along an
incline or vertically upwards. They include belts,
screws and bucket elevators. Feeders are used for
dosing or metering the solid, with finer control, and
move it over a relatively short distance. They can
consist of belts, screws or solids pumps. Screw feeds
are most used in dyehouses to dose solids. The motor
used to drive the screw normally ‘pushes’ the solid
to the delivery head. The solid being dosed is stored
above the screw in a storage bin, silo or hopper. The
design of such storage units is discussed in both of
the references quoted. Vibrators are often used to give
finer control of the dosing operation [48].

Salt is delivered either in sacks, tote bags or
tankers. Sacks are placed on the grate chute of a floor-
mounted hopper and then transferred to the hopper
before being conveyed to a larger storage vessel with
a screw feed. On some dyeing machines the grate
chute is fitted to the machine to enable the salt to be
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added directly. Tote bags can be lifted above the feed
hopper and dumped directly into it, or used to supply
a conveyor at floor level. These floor-level conveyors
can be mobile and moved to each dyeing machine as
required, or they can be in a fixed position. Tankers
usually connect up to large storage silos outside the
dyehouse. Such silos supply salt into the works by
means of a screw conveyor. This conveyor, either
alone or with a bucket elevator, supplies a high-level,
centrally located feed hopper. This hopper distributes
the solid via screw feeders to the side tanks of the
dyeing machines. Such centrally located distribution
systems can only feed over short distances. Spiraflow
supplies dyehouse salt handling equipment of both
the mobile and centrally located type. On these
devices the salt is added volumetrically by means of
a timer. In some cases the feeder is a helical coil
rotating in a flexible tube; with certain powders this
can lead to abrasion of the tube.

ColorService uses the external silo to supply a
bucket elevator which fills smaller silos inside the
works. These silos, via screw feed, supply a dissolving
tank. The water supply to this tank is carefully
measured in order to keep the volume small and so
make the impact of the added solutions as low as
possible on liquor ratio. Small amounts of powdered
chemicals are supplied from silos that form part of
the dye dispensers/dissolvers described below. Lawer
has a similar arrangement for powder dispensing. Its
equivalent of the bulk dispenser/dissolver is the
Silomat unit, whereas its Silodos unit is used for
dispensing small quantities of powdered chemicals
[49]. WTM has produced a salt dosing unit, the
Powderflo 2000, that does not dissolve the salt but
forms a slurry that can be pumped over quite long
distances. Pozzi also produces a slurry dispenser, the
Saltex unit, which is screw fed from a silo or tote bag
feeder. In all of these cases, the amount of salt added
to the dissolver is weighed by load cells either as a
loss in weight from the silo (WTM, Pozzi) or an
increase in weight in the dissolver.

Vanwyk supplies a bulk chemical dispenser (BCD
unit) to dissolve salt. It is similar to the ColorService
unit but uses a vacuum system to fill the silos. Camp
gave an early review of Gaston County’s thoughts in
this area in 1985 [50], but now the company has a
partnership to supply Vanwyk solid chemical and dye
dispensers. Gaston County also offer a stock tank
(charge tank system) that will hold the total liquor
volume from the kier (Figure 5). This vessel was
originally designed for ‘pumping up’ but is being
promoted as a preparation tank for liquors either to
reduce cycle time or allow controlled chemical
addition to the batch. In some instances this tank is
supplied with salt by screw feeder.

The storage silo that receives the tanker delivery
of salt need not feed a dispensing unit directly. Most
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Figure 5 Then Comat: dosing and control options

dyehouses have an ion-exchange water softener in
which saturated salt solutions are used to regenerate
the cation exchanger. The storage silo supplies the salt
saturator (a large plastic tank partially filled with
water) and allows the salt to dissolve to form a
saturated solution (about 250-400 g I71), which is then
transferred to a storage tank. This tank supplies a ring
main that uses a positive displacement pump and a
flowmeter to dose the required amount of salt to a
side tank. Souren reviewed the results of a working
party set up to investigate solid salt dispensing
[51,52]. This considered three options for dyeing with
direct and reactive dyes: salt-at-start, portionwise salt
addition and dosed addition.

Major suppliers of hydros, e.g. RV Chemicals,
Virginia Chemicals, make recommendations for
hydros dissolution and dosing equipment [53,54]. The
RVC unit consists of a closed dissolving tank, fitted
with a stirrer that does not create vortices, which has
a level controlled water supply. Hydros is screw fed
into the dissolver from a hopper. The water feed can
be replaced by a ‘solution’ feed, i.e. a solution of all
the other pad trough components dissolved in water.
The system is designed to make small volumes of
hydros solution continuously in a safe, stable manner.
This unit is much used on the chemical pad of flash
agers and continuous dyeing ranges.

Hydros decomposes in a complex and possibly
dangerous manner depending on whether there is a
small or large amount of water present and on
whether air is present or not [55]. Open dissolvers
making large volumes of solution into which air is
stirred do not give good stability to the solution.
Furthermore, dampness in the silos under anaerobic
conditions can lead to rapid decomposition, which
generates heat and leads to auto-accelerated



decomposition/explosion. The storage hoppers are, for
this reason, normally fitted with temperature sensors
connected to alarms and shut-down valves. The
integration of such a unit with ColorService units was
reported in 1998 [56]. Wood (B&L) reported similar
findings in 1990 [57]. Vanwyk supples a hydros dis-
solving station that makes large volumes of solution
by screw feeding hydros into a dissolving tank.
Kiisters also supplies a hydros dissolving unit.

General requirements covering the storage and
handling of reactive dyes to meet environmental
legislation dyes were discussed by Holme [58-60].
The HSE issued information sheets on the subject
[61]. Holme’s earliest report resulted in a monograph
from the United Nations Industrial Development
Organisation [62]. This promoted an interest in dye
dosing, which in turn resulted in a series of
publications from the dye makers on the physical
form of dyes to reduce dusting of powders and to
make granules that would flow more freely in dosing
systems [63—-69].

ColorService was the first company to bring a
product to the market that automatically dosed (TRS
unit) and dissolved dyes (SCS and SSC units) in order
to minimise the environmental hazard and improve
productivity [5,70,71]. The dyes are stored in tall
cuboidal hoppers and dosed, via screw feed, through
a star head fitted with a scraper blade, into a pan on
a scale that moves on a track beneath the hoppers. A
transfer device then delivers the weighed dye in an
up-and-over motion into a dissolver. The dye solution
is then pumped to a distributor, which transfers it to
the appropriate dyeing machine at the appropriate
time. The supervisory PC sends inputs to PLCs to
carry out these operations as well as the appropriate
rinse cycles to keep tanks, valves and pipework clean.

Lawer also saw opportunities in this area and
introduced automated dye dispenser (Rotocolor) [72—
74]. The Rotocolor was similar to the ColorService
TRS device in that dye was dispensed from a cuboidal
silo into a scale pan using a feed screw. The diameter
of the delivery aperture (5 cm) was only half that of
the ColorService device and did not have a scraper
blade. The Rotocolor dispensed powder brands well
but as the freer-flowing granulated dyes were
introduced, it was alleged that the unit overdosed.
ColorService had a similar problem and was able to
make minor modifications (by inclining the head and
removing the blade). Lawer was not so lucky and so
produced a new dosing unit (Supercolor). This
replaced the screw feed with compressed-air agitation
of the silo (to prevent compaction) and added a V-gate
fitted with a vibrator. The Rotocolor could also be
integrated with shelf storage, dissolving units and a
bucket handler [75].

In the late 1980s, Termoelettronica started to make
solid dye dosing equipment (DPA93 and DPA98)

[76,77]. No patents were published on solid dosing
as there seemed to be little innovation over the units
made by ColorService and Lawer (screw feed to 10
cm aperture with oval slots and cutting blade). This
company was not a traditional supplier into this
market sector but it did seem able to provide dosing
units more economically than its competitors.

Vanwyk recognised that there was a big market for
powder dispensing and had been working, at a low
level, to meet the need with the APD system. Its
dosing valve technology was licensed from Ciba, and
had developed for the Aladys project [78-80]. The
initial introduction was accompanied by some
problems, e.g. dye compaction in the silos. The unit
is a series of cylindrical silos over which moves a
single-valve actuator and beneath which moves a
scale. The silos have a spindle along their mid-line,
one end of which is connected to a stepper motor and
the other to a valve. To start dispensing the valve is
opened by depressing the spindle, and the degree to
which the valve is depressed depends on the
difference between actual and required weights. The
valve is rotated by the stepper motor and the speed
of rotation decreases as the weight difference
approaches zero. The unit is reported to be
technically sound and built in quality materials (e.g.
stainless steel), which make it robust but slightly
costly [81].

The Vibrascrew VS3000 dosing unit was supplied
by ICS-Texicon, based on work done by Gain
Associates [82]. This had a screw feed with a variable
pitch. It, like most screw feed dye dispensers, had a
variable-speed motor to control dosing accuracy. It
also had a vibrator [83]. Mutschink produces a
powder dye dispenser (KM-Pulver-Dos) similar to the
ColorService unit in that the scale is moved to the
silo; the lid of the dosing head is air operated.

Most of the companies mentioned also supply
dissolvers as do some of the dyeing machine makers,
e.g. Thies, Scholl. These are basically conical tanks
into which the dry powders and their weighing pans
can be introduced and the solid dissolved, with
minimum environmental hazard, in a minimum/
known amount of water at the correct temperature.
The Vibrascrew VS3000, however, was supplied
without a dissolver. This was the major reason for its
lack of acceptance as a production unit, but it is
available for laboratory use.

Level indication and control

Level indication at extreme positions (high and low
level) is usually of interest in textile wet processing
operations. There is increasing interest, however, in
knowing the absolute level. For example, Bespoke,
Kinder and Beacon all use the absolute level in a vessel
to minimise waste, control additions under ULLR con-
ditions or to add chemical according to a dosing curve.
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Level indication is most easily carried out using a
dip stick or graduated scale located inside the vessel
[84]. These methods can sometimes be difficult to
read. Sight glasses offer a better but usually more
fragile alternative. Float displacement is a method
used to indicate the level in elevated tanks. In this
technique a float located inside the vessel is moved
up and down as the level varies. The float is
connected to a pointer by a cable that passes over a
pulley at the top of the vessel. The pointer slides up
and down a scale at ground level. This system is often
used to indicate stock tank levels in circulating liquor
machines and in some print paste dispensers. The
pulley and cable can be replaced by a fulcrum to form
a lever mechanism. The float applies a force to some
form of transducer, e.g. a load cell. The float, which
can also contain a magnet to activate a proximity
detector, sometimes slides up and down a rod
fastened inside of the vessel. In spite of the indication
at all levels by these systems, they are usually used
to ensure a run is uninterrupted by lack of liquor or
for safety reasons, e.g. a machine which shares a
common stock tank is not pumped up to a tank which
is already full.

Ball valves (like those in toilet cisterns) or ‘level
switches’ (ball valves which electrically operate
solenoid valves) are frequently used to maintain the
desired level in a vessel. They are used, for example,
to ensure bleach saturators are full (by operating the
water supply independently of the dosing system) or
pad troughs are kept full. Level switches are
frequently used as low level detectors in order to stop
pumps running dry and destroying the mechanical
seals.

Bespoke in its dosing system uses a pressure
transducer mounted at the bottom of a storage tank
to indicate the absolute content (level) of the tank.
This is another method that not only indicates but
also controls liquor level. Differential pressure
transducers (one below and one above the liquid
surface) are used for measuring absolute level in large
storage tanks, e.g. in the chemical or petrochemical
industries.

Capacitance probes are often use for level
indication and control. They are metal rods or tubes
covered for almost their complete length by a plastic
(insulating) sheath, which forms one plate of the
capacitor. The other plate is the wall of the vessel.
Resistance probes can be used as a high or low level
indicator/control and were used in the original
Texicon tubes. In this application the low and high
level probes were duplicated to indicate levels a few
centimetres apart. This arrangement provided a fail-
safe if the dosing valve or more significantly the fill
valve became wedged open by contaminants building
up on the valve seats, or if the closure spring failed.
In the more recent version of these tubes, made now
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by C&C Controls, resistance probes are utilised in
combination with a liquid level sensing relay.

Liquid level can also be measured using a bubble
tube [85]. This is a form of pressure measurement in
which the pressure required to force a gas injected
below the surface of the liquid to form bubbles is
measured. The pressure obviously needs to be
increased as the liquid level above the injection point
increases. It is a method useful for corrosive liquids
or liquid containing suspended solids.

Flow measurement

According to Baker [86], flowmeters are devices that
deliver a signal uniquely related to the flow rate
despite the influences of installation and operating
environment. The influences referred to include the
rate of flow, the state of the flow (steady or turbulent),
how the liquid affects the flowmeter, the position of
the flowmeter, etc. The effect of the liquid on the
flowmeter includes physical properties such as
viscosity (liquids of different viscosities may indicate
a different volume of flow) and uniformity (absence
of bubbles). The position of a flowmeter prescribes
such things as the length of straight pipework that
must precede the meter.

Baker subdivided the devices into meters that
measure momentum, volume or mass flow and drew
up a table summarising the various criteria required
for selection [86]. Most of the information below is
obtained from the source quoted and the original is
worth reading as it summarises the essential
information and provides easily understandable
diagrams.

Momentum flowmeters usually act as impediments
to flow that cause a pressure drop across the
impediment. Standard instruments use orifice plates,
venturis and nozzles. Other momentum devices,
however, include variable-area instruments usually
known as rotameters. Briickner, for example, uses two
Gebruder Miller rotameters to control the water flow
on its dosing station.

Volumetric flowmeters are the main type of
instrument used in dosing applications. The group is
further divided into positive displacement, turbine,
magnetic, oscillatory and ultrasonic meters, the latter
two types not being used in the dyehouse. Positive
displacement and turbine meters seem to be the most
used in dosing applications. This first subgroup
includes gear, lobe, rotary-piston, sliding-vane and
oscillating-disc devices [87]. The oscillating-disc
flowmeter is frequently used in water meters. It is
appropriate for dissolving stations for print pastes,
where the concentration is determined by adding
weighed components to a known volume of water
and, after dissolution, pumping up to storage tanks
on the dosing unit.

The second subgroup of flowmeters include the



true turbine meters and paddle (or Pelton wheel)
types. For highest accuracy, with lowest bearing drag,
magnets are usually attached to the rotor and are used
to induce signals in a detector. These tend to be a low-
cost, robust group of flowmeters typically used in
liquid chemical dispensing.

Magnetic flowmeters (from Krohne, Honsberg and
Danfoss) are used in dosing applications. They consist
of pipes with insulated inner walls on the outer side
of which are two coils (search and field coils), which
pass a transverse magnetic field through the pipe.
When a conducting liquid flows in the pipe, the
motion of the liquid induces small currents and
voltages. Electrodes embedded in the wall of the pipe
detect these signals and pass them to a suitable
converter for display. This converter is often
microprocessor based and provides a range of display
and control options. Such flowmeters are often used
to supply control signals to dosing pumps. They are
also used by Lawer and ColorService on their
chemical dosing units.

Liquid dosing

Rudolf Then was an early producer of conical mixing
tanks for dyestore use. It was not surprising therefore
that the Then Mixomat unit (System BASF) was
launched in 1979 to automate dosing of preparation,
dyeing or finishing chemicals into a mixing tank [88].
The system consisted of a single pump, the suction
side of which was connected to a manifold of air-
operated valves, i.e. all the valves were grouped in
one place. These valves were connected to chemical
containers. The delivery side of the positive
displacement pump delivered, via a flowmeter, to one
or two mixing tanks. The unit, which was under PLC
control, also offered recipe storage and dosing. This
unit which still exists today, in improved form, is
called the CHD unit [89]. It was the parent of many
such volumetric systems (Table 2). The pump is
usually a gear pump and the flowmeter a positive
displacement volumetric unit or, infrequently, a
magnetic flowmeter. The systems are automatically
rinsed with water after use.

Table 2 Some volumetric liquid dispensing systems

Company System Ref.
Arel On-Time-Dispenser 90
Bespoke Exact-Meter 2100 91
Ozark CDV500 92
Kiisters Stepdos

Lawer DOS-CHEM

Mutschink KM-DOS-APV, KM-CHEM-DOS
Pozzi Dosatex

Termoelettronica DPA95 93
Thies MPS-L 94
Vanwyk VDU

Rinse
. . Chemicals in original water
Mix tanks with containers with suction pipes, supply

3 way valves 2 way valves and foot valves

=[RS

Figure 6 Fully flooded dosing system

A variant has appeared in recent years, the fully
flooded system, and has been much used by Ozark
[5] and KDA (Figure 6) [95]; the ring main is always
filled with water.

For a chemical to be delivered to a mixing tank, the
pump starts and the drain valve opens (water is now
pumped through the pipework). The IBC
(intermediate bulk container) valve opens until the
flowmeter indicates the correct volume has been
dosed and the valve closes. Then the three-way valve
on one of the mix tanks opens for the appropriate
time and the chemical is delivered. The drain valve
reopens and the supply line is rinsed, after which the
drain valve closes and the pump stops. The sequence
is repeated until all the chemicals are delivered for
the required recipe. Clearly this process requires
effective control, with the flow rate through the
pipework being calibrated (in litres per hour) and
entered into the control program. Biirkert Contromatic
is one company that supplies both valves and
flowmeters. In machines were the liquor ratio is
critical, e.g. jets, the fill level of the machine will be
lowered by the volume of the dose. These units are
easy to expand.

ColorService offers two variants of this latter
system, which uses a distributor, consisting of a metal
frame fitted with an inlet pipe and several outlet
pipes, all of which are provided with O-ring seals. A
servo motor, with optical encoder, moves the inlet
pipe under software control in the vertical plane to
one of a series of supply pipes connected to the
chemical containers and docks the inlet pipe onto it.
The other side of the inlet pipe is connected to a
positive displacement pump, a magnetic flowmeter
and a delivery pipe. The latter is moved to locate an
outlet pipe connected to a specific side tank (at the
applicator) or transfer tank (supplying the applicator)
and again is docked onto it. Docking is achieved by
a ‘push-pull’ mechanism, built into the servo motor-
driven selectors, which seals pipes onto the O-rings
[71].

Many preparation ranges for knitgoods, made by
European companies, are supplied with another
variant of volumetric dosing in which each chemical
container is fitted with its own dosing pump that has
its dose size and dose frequency controlled by the
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flow of water into the bleaching vessel. These are
described more fully in the section on Preparation
below. Pozzi also supplies a unit of this type (the DUE
unit) for fitting to washing machines so that acid,
surfactant, oxidant, etc. can be dosed.

Gravimetric liquid dosing systems also exist. These
were originally produced by the companies that had
developed special valves for dosing print pastes: CIR
[96,97], Pesch [98] and ICS-Texicon (CD3000 and
Formula 1) [82,99]. Similar units are now supplied by
Ozark (CD60, CD200). They employ a tank mounted
on a Mettler EMFC scale and the actuator for the valve
is manipulated by software to deliver a weight of
chemical, in the tank, equal to the desired recipe
weight. Vanwyk (On-Line Chemical Dispenser) and
Gaston County (ChemTex) produce similar units and
ColorService markets a variant that uses a servo
motor-driven distributor to lock onto the supply lines
from bulk containers and then deliver the selected
product into a mixing vessel mounted on load cells.
Whatever the system, the final mixture is pumped,
usually with an air diaphragm pump, to a transfer
tank servicing a particular side tank or pad trough.

Variants of these gravimetric systems are provided
by Kinder (CDS), Scholl and Bespoke (Exact-Weigh
SRD). Units of this type are more fully described in
the section on Preparation.

The efforts of dyestuff companies to reduce
environmental hazards by changing the physical
forms of their products have already been mentioned.
This activity not only led to low-dusting solids but
also to liquid brands. Bayer AG was particularly active
in this area [100]. In 1987 Hoffmann promoted liquid
brands as meterable dyes and discussed associated
computer programs and dye kitchens [101]. Pesch
discussed the handling and dosing of liquid dyes [98].
Cationic, disperse and vat dyes are now all widely
available as liquid brands and the use of gravimetric
and volumetric dosing has been described for liquid
dyes in two new yarn dyehouses [102,103]. In an
American mill, a CIR unit was used, while in a
German plant a Thies unit was installed. The
planning and the selection processes discussed here
are relevant to the full ranges of liquid reactive dyes
now becoming available from many manufacturers.

Applications

General

When applying chemicals to open-width fabrics, most
continuous dosing systems will supply a saturator or
pad trough. In many cases the fabric entering the
treatment liquor will be dry and the liquor (often
called the reinforcing liquor) that maintains the
working level in the applicator will be at exactly the
same concentration as the treatment liquor. In two
processes, scouring and bleaching, the fabric will be
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wet and this creates problems by bringing water into
the applicator, which potentially reduces chemical
concentration. This situation is referred to as wet-on-
wet application and has formed the basis of several
mathematical studies [104-108].

At one time equations were needed to calculate
how many times more concentrated the reinforcing
liquor must be to ensure that the saturator
concentration remains constant [109]. These are now
no longer necessary because chemicals are usually
dosed in concentrated form while a level switch,
fitted to the saturator, supplies water to maintain the
required volume.

Preparation

In 1963 Higginbotham reported on early automated
impregnation in continuous preparation, and then in
1970 Schiffer examined the automation of a
preparation range including a review of the control
possibilities (using devices and systems from The
Foxboro Co.) [110]. Diagrams of the tank farm used
for dosing and the Foxboro control system are shown.
LeBrun later updated Foxboro’s control information,
and Piper and Cook discussed and illustrated
Foxboro’s position on automated mixing and dosing
[111].

The traditional tank farm for a preparation range
has been described (Figure 7) [112]. Gaston County
delivered a J-box into the UK in the late 1970s that
used this system. In this arrangement chemicals,
water, etc. are supplied to the mixing tank. The
mixture is then pumped up to the transfer tanks for
storage. These tanks have overflow protection and
there is a communal drain for all tanks. Dosing is
controlled by a rotameter and a manual valve. In the
arrangement in Figure 7 it is assumed that com-
ponents from both storage tanks will be dosed at the
same flow rate. This need not be so and each supply

Transfer Transfer
tank tank
I
tr %
Rotameter
v
Mixing Pump T
tank
Saturator
L

Drain

Figure 7 Manual dosing system for preparation chemicals



line can be separate and fitted with its own flowmeter.
This dosing unit was not ‘interlocked’ and so did not
stop dosing when the range was stopped.

There are two further options available for this
equipment (semi-automatic and fully automatic). In
the first all the manual supply valves are replaced by
air-operated valves, while the fully automatic option
has the same modification, but the rotameter is also
replaced by an air-operated control valve and the
saturator is fitted with a circulation loop. This loop
has a concentration sensor governing the opening and
closing of the air-operated control valve [113-122]. In
1985 the use of sensors to control caustic and chlorite
concentrations in saturators was also reported [123].
None of the systems mentioned are widely used.

Transfer tanks are still found but, for preparation,
it is more usual to use stacked IBCs, the bottom one
providing a gravity feed or a pumped supply (usually
using a double air diaphragm pump) to the dosing
station and the upper one acting as back-up. Once the
upper IBC has emptied into the lower one it is
replaced. Desizing is usually carried out wet-on-dry
with enzyme and wetting agent being pumped from
their IBCs to a mixing tank, from where the mix is
pumped to the transfer tank, which feeds a saturator
on demand from a level switch. A similar
arrangement can be used for dosing acid into the final
pH wash for open-width fabrics. Feeding concentrated
acid across the full width of the wash box using a
precision rotameter is also common.

Four systems are currently used to dose chemicals
into scour/bleach saturators: tube systems, gravimetric
systems, dosing pumps and a system that uses orifice
plates. Texicon developed the dosing tube system in
the early 1970s [124,125]. The system uses cylindrical
tubes, the total volume of which mirrors the chemical
concentration in the recipe, i.e. the smallest tube
volume for surfactants and the largest tube volume
for caustic soda or peroxide. Within each tube there
are high- and low-conductivity/resistance level
switches, sometimes part sheathed in PTFE tubing to
minimise liquid bridging. The cylindrical volume
enclosed between these level switches is the dose
size. The doses on other tubes are in the ratio of the
chemical concentrations in the recipe, while the
concentration in the saturator is either made-up or
maintained by repeatedly emptying and refilling the
tubes into a side tank (which forms part of a
circulation loop with the saturator).

There are two important points here. Firstly the
dose size for the most concentrated chemical must be
quite large in order to make initial bath make-up
occur in a reasonable time (a single dosing cycle takes
about 1 min and so initial bath make-up will normally
take 20 to 40 cycles (20-40 min). Secondly the tubes
must be calibrated (by moving the high-level
electrode and dosing a single amount, using the

batching counter, into a measuring vessel), a process
that is both hazardous once the commissioning stage
is completed (where water was used instead of
concentrated chemicals) and time-consuming. The
tubes are filled by gravity from feed tanks or IBCs
mounted above the tubes and so the larger the pipe
size the better. Lamps are used to indicate the state
of the tubes (full, filling or dosing). The next dosing
cycle only starts when the slowest filling tube is full.
Concentrated peroxide and caustic soda should be
dosed as far apart as possible in the small side tank.

The doses for wet-on-dry application are usually
made on command from a level switch in the
saturator. For wet-on-wet application the dosing is
controlled by impulses from a meterage counter
driven by one of the rollers on the saturator exit. In
the original design it was wheel driven by frictional
contact. In all modern devices an embedded magnet
operates a proximity detector.

DCI no longer supply dosing tubes but both
Brugman and C&C Controls do. C&C maintained the
simplicity of the original design but improved
problem areas (foam generation on filling, slippage of
the meterage wheel, etc.). The disadvantages of this
low cost, simple dosing system are its inability to deal
with recipe change without recalibration and the
difficulty of its expansion. Kinder began to develop
a gravimetric system in the late 1980s called the
Kinder CDS unit [126-129]. A similar device is sold
by Bespoke: the Exact-Weigh SRD [130]. A different
design, the CD200 unit is offered by Ozark, in which
the patent dosing valves are replaced by pneumatic
angle-seat valves for less accurate operations [131—
133]. In all of these units chemicals are added to a
weighing vessel under software control from a PC.
One of the chemicals (usually in largest amount) is
water and the units make up small batches that are
delivered to the saturator on command from a level
switch in the saturator. Filling and emptying is carried
out with double air diaphragm pumps. Such units
will deliver chemicals at a rate determined by the size
of the pumps and the size and extent of pipework and
valves. This is important as the unit may not be able
to keep up with demand with processes using high
chemical concentrations, e.g. causticisation. Recipes
can be easily changed (from a keyboard) and this is
a major advantage of these units. The mixture is
delivered to a distribution valve that allows the same
unit to supply mixtures to various locations, for
example, a bleach recipe to a bleach saturator or a
finish mixture to the stenter pad trough. None of these
units has a mechanism for wet-on-wet application
though most can be fitted with meterage counters.
The Kinder unit allows input of two titres and the
time interval between them in order to calculate a
new mixture to maintain saturator concentrations.

Pumped dosing has been around for many years
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[134]. B&L did much in the early part of the period
reviewed to promote such systems using multi-head
piston dosing pumps [135-137]. These units, which
are prone to siphoning, failed to achieve popularity
in the cotton sector, although many wool bleachers
use them. Several German companies, notably
Briickner, Lindauer-Dornier, Kleinewefers and
Kisters, promote the use of batteries of programmable
diaphragm dosing pumps usually in combination with
a single flowmeter [138-142]. The Kiisters unit of this
type is the Contidos MA, and a similar unit, the
Contidos SA, has flowmeters for every pump [141].
Figure 8 illustrates the Brickner system [143].

: 2 G 6 L [%ﬁEM
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A Supply lines
B Water supply
C To Delphin or Galaxy
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D Pump and flowmeter
E Calibration
F Dosing pumps

Figure 8 Briickner dosing station

The water supply to the unit is delivered to a
cylindrical tank that provides a constant head. A
positive displacement pump then delivers this water
to a Honsberg impulse-generating flowmeter (a key
control element), after which the flow is split into two
to pass through rotameters fitted with manual valves.
After a short pipe run the flows come together again
and go into the saturator circulation loop. The
diaphragm dosing pumps, usually made by
ProMinent, suck chemicals from the containers on
which they are mounted and deliver them to the
supply lines [144]. The water is divided into two
flows to prevent mixing of concentrated chemicals in
the same pipe, which might lead to a pressure burst.
The Swiss Santableach (Santex) range uses a similar
dosing station. As the level drops in the saturator, the
pump starts and the water supply valve opens. The
flowmeter signals to the control unit, and the
frequency of this signal controls the stroke frequency
of all the dosing pumps. Controls on the pump body
allow stroke volume to be adjusted. Freissler
(ProMinent) provided a description of such a system
[44]. Individual maker’s dosing stations may differ
slightly, e.g. the Lindauer-Dornier BSM machine
supplies chemical doses to a 500 1 tank fitted with
volume and level probes to control the dosing pumps.
This mixture is them pumped up to a 1000 1 tank that
supplies the machine’s U-box saturator.
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The volumes delivered can be calibrated (the
Briickner unit has a routine that doses 30 strokes into
a measuring cylinder). These calibration data are
entered and stored in the controller to ensure correct
recipe balance during running of the range. The
volume can be quite small, even for major
components of the mixture such as peroxide or
caustic soda, and so to use the dosing station for
initial set-up can be quite time-consuming. The actual
model (and hence dose size) of the dosing pump
needs careful consideration and negotiation with the
supplier. Such systems are flexible and can store and
control many recipes. They are not easily expanded
but most come with at least two more pumps than
are needed for the preparation saturator. One is used
for acid dosing to control fabric pH and the other
often seems to be a spare to enable the user to solve
problems in the future. So far, many of the systems
have only found application for the continuous
processing of knitted fabrics. If there is a
demineralisation stage this has a separate dosing
station.

Some companies, including Ozark and KDA,
provide pumped, fully flooded, ring main systems
that use a single flowmeter (Figure 6). Such systems
are used for batch bleaching including cold pad-
batch.

The final method of dosing, using orifice plates,
was introduced by Babcock in 1979 [145]. Lehmann
reported that this was based on work carried out at
Shirley Institute and called the device a Polykomat
unit [106]. Figure 9 shows a dosing unit for one
chemical. A switch controlling flow from a bulk
container maintains the level in the upper chemical
supply tank. There is a three-way valve controlling
flow through one or other orifice plates. The control

@
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plates

Mixing
To/from tank
saturator

Figure 9 Polykomat unit




valve below the orifice plates is a proportional valve,
the position of which is controlled by impulses from
a tachogenerator on the main drive motor. The three-
way valve below this control valve is manually
switchable, used for diverting flow from the mixing
tank to a measuring vessel used for calibration. The
reason for the choice of two orifice plates is to allow
one of them to give full flow for initial bath make-
up. Babcock provides a worksheet to calculate the
size of the orifices for the various chemical mixes. For
the unit to run, fabric speed must be input into the
unit along with fabric weight, feed liquor
concentration and the amount of chemical required
per kilogram of fabric. Much of this can be stored
internally by the controller as recipe data.

Babcock reported the installation of one of the
units in Italy in 1987 [146]. Two of these devices have
been operating in the UK. In one case the mill
subsequently closed down and in the other the mill
replaced the bleaching range with equipment from
another supplier. Babcock is currently promoting this
device on its new Super-Sat and Knit-Sat high pick-
up application units.

Dyeing
Some 25-30 years ago, most dyes and auxiliaries were
manually weighed and dissolved in tubs that were
wheeled out to the appropriate machine. Automated
dye addition began to be introduced to give dyestores
an improved level of sophistication (check weighing,
mixing tanks fitted with mixers, rinsing rings, etc.).
Mixtures could be pumped up to transfer tanks,
usually two or three per machine, which fed
chemicals to the machines by gravity [147]. Orton
reported on how these changes, along with PLC
dyeing machine control, had been implemented in
one UK dyehouse [148].
For all pad applications described below a number
of assumptions have been made:
(a) The appropriate nip pressure has been applied
(for a particular quality or shade)
(b) The applicator runs at a constant speed
(c) Several tanks are made up ahead of time (to allow
the run to continue or in preparation for shade
change) thus allowing laboratory shade checking
prior to use
(d) There is accurate control of total volume via a
level switch or accurately calibrated dip-sticks.

Batch dyeing

Warm-dyeing (alkali controllable) and hot-dyeing (salt
controllable) reactive dyes are grouped by virtue of
their compatibility matrices, which describe the dyes’
substantivity, exhaustion, migration and fixation
profiles [149,150]. In general, warm-dyeing dyes have
low substantivity and exhaustion under neutral
conditions but they exhaust and fix rapidly on

addition of alkali. The hot-dyeing types exhaust
rapidly under neutral conditions in the presence of
salt.

The former group were regarded as difficult to
apply levelly, and so Hoechst and Adcon AB put in
much effort to dose the alkali in order to make
exhaustion and fixation profiles linear. An air-
operated piston dosing pump was developed and
patented by Adcon [151]; it was made and marketed
by Then [152]. The Automet process was developed
by Hoechst to use this unit [153-161].

At around the same time, Bayer was busy
promoting a dosing system called Levametering [162—
167], and also a dye dosing system for package dyeing
[168] and batch dyeing [169]. Hildebrand listed
companies involved in dosing equipment hardware
and software at this time [170]. These included Thies
(MPI) [42,171-174], Jasper (Simpledos) [175], Vald
Henriksen (Microdos) [176,177] and Scholl (DS100)
[178,179]. Schermuly Electronik was often the
preferred dosing controller/software provider for
European machine makers [180,181]. This company
became Sedo and later Barco-Sedo.

Sandoz (now Clariant) was also promoting
automated chemical addition [182], and had patents
for its Supromatic process [183,184]. The Hoechst
patent blocked much development in this area and
so competitive processes to Automet failed to gain
acceptance. Any machinery maker using a controlled
addition process also had to be licensed by Hoechst;
this was stated in a Barco-Sedo general product
brochure issued in 1997. The same brochure
illustrated alternatives to dosing pumps which
included controlling the speed of the secondary pump
motor either by direct software control of the drive
(AC inverter) or from a pressure sensor (level
controller) in the side tank inputting values to the
software. Bypassing the flow from the side tank
through a proportional valve, the position of which
is under software control, can also be adopted. These
are the methods by which most chemicals are now
added; Figure 5 shows Then’s Volmedos
implementation of these principles [185]. Adrion
showed the same machine fitted with an Adcon unit
[157].

With all reactive dyes, the salt is added at the
outset of the cycle using a dosing unit of any of the
types described earlier. The dye is also added at this
point when using warm-dyeing dyes, but hot-dyeing
dyes are usually dosed, in a linear manner, as the
temperature is raised to 80-100 °C.

The amount of salt needed for direct dyes is much
lower than that needed for reactive dyes. Hence in
most dyehouses it is usual to dissolve the salt in the
dyestores. With vat dyes the chemical usage is
relatively low whatever the vatting method, and so it
would be unusual to have automated hydros or alkali
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dosing in a batch dyehouse, although has been
considered by BASF for package machines and jiggers
[186,187].

If there is a dosing facility on the dyeing machine
then there is usually some advantage, whatever the
dye class, in using it at some stage for dyes prone to
unlevelness.

Pad-batch dyeing

In this process dye solution is applied by padding
wet-on-dry, and then the padded goods are stored for
a suitable time. The process is most usually used to
apply reactive dyes although it is occasionally used
to apply direct and vat dyes [188].

Oschatz (Sandoz) reported a statistically designed
optimisation to investigate the application of reactive
dyes [189]. To apply reactive dyes, two tanks are
made up, one with all the components necessary for
dyeing (excluding alkali) and the other with alkali. As
the solubility of the dye is poorer than that of the
alkali, the dye solution is usually made up with four
time the volume of water, but both tanks will have
the same volume. These liquors are delivered
separately to a mixing tank, close to the mangle,
where they are mixed and delivered under gravity to
a spray pipe, which supplies the mixture across the
full width of a small-volume trough. The trough is
maintained at constant level by a level switch [190-
194]. Pump suppliers, e.g. B&L, Sera, The Pump Co.,
have all promoted the process over the years [195—
198], as have the machine makers [199-205]. Air
diaphragm pumps are also used in this process.
Positive displacement pumps will pump air (e.g. if the
supply tank is empty) or not pump at all if a
diaphragm is ruptured. For these reasons, other
volumetric dosing options are sometimes used, e.g.
Texicon dosing tubes or gravimetric systems such as
the Kinder CDS and Bespoke Exact-Weigh units.

Chemical dosing systems are being increasingly
used to prepare the dye tanks but the dye is still often
manually weighed and then added to the tank for
dissolution. In the USA there is greater use of liquid
reactive dyes and so the dye may also be delivered
by the chemical dosing system. It is not known
whether dosing valve/gravimetric systems of the type
marketed by CIR, Pesch, ICS-Texicon and Ozark are
used in this application.

Continuous dyeing

Reviews of processes in this area have concentrated
on the use of vat dyes [188] and disperse/reactive dye
combinations [206], as well as more general aspects
[207]. The pad-Thermosol followed by chemical pad-
steam route is popular for applying disperse dyes with
either reactives or vats to polyester/cotton, while the
pad—dry followed by chemical pad-steam process
finds widespread use for applying either reactive or

78 © Rev. Prog. Color., 31 (2001)

vat dyes to 100% cellulosic fabrics. These routes
imply that dye, with other components (urea, anti-
migration agent, surfactant, etc.) is made up in a tank
and that this tank feeds a small volume pad trough
from where it is applied to the fabric under neutral
conditions, and that the fabric is then heat treated.
A chemical pad liquor is made up in another tank and
fed, under gravity, to a second small-volume pad
trough, which applies the liquor to the fabric to fix
or vat the dye. The chemical pad includes alkali and
electrolyte for reactive dyes and alkali, hydros, etc.
for vat dyes.

The dye liquor can be made up automatically by
pumping dye solutions from the dissolvers of powder
dispensers described previously (ColorService, Lawer,
Termoelettronica or Vanwyk). Liquid brands (vats,
reactives) can be dispensed directly to the dye liquor
tank using a fully flooded dosing system or a Kinder/
Bespoke/Ozark gravimetric unit. In some cases, dosing
valve/gravimetric systems are used for liquid dyes.

For the chemical pad, alkaline solutions (caustic
lye, sodium silicate) can be dispensed directly to the
chemical liquor tank or powders (soda ash, salt,
hydros, etc.) or can be dissolved in the appropriate
solids handling unit and then pumped to the chemi-
cal liquor tank. RV Chemicals is promoting the use
of a solution of the the other chemicals in the hydros
dissolver, which supplies the chemical pad directly.

In 1994 Hiulsewig published details of a
Kleinewefers continuous dyeing range, which in-
cludes a dosing station fitted with variable-frequency
dosing pumps and inductive flowmeters, like those
described for Briickner in the Preparation section. All
actions were sequenced by PLCs and a modem was
fitted to enable the PLC to be remotely interrogated
[208].

Printing

Textile printing technology has changed significantly
in recent times. The colours, thickeners and printing
machines have all undergone significant develop-
ment. Traditional thickeners such as native starch and
gum tragacanth have been replaced by the modified
starches, sodium alginates (with a range of viscosity
characteristics) and synthetic thickeners, e.g. poly-
acrylates. It is the latter group, in combination with
binders and crosslinkers, that are particularly
important for pigment printing. Whatever the system,
most printers work in the same way. They mix a series
of components (such as surfactants, antifoams,
softeners, humectants and biocides) to make one or
more stock thickenings, called reductions or clears.
In the case of pigment printing, two reductions may
be made with different solids contents (and therefore
viscosities). These are used in combination to correct,
for example, the electrolyte content of particular
pigments, and so give a constant print paste viscosity.



Some pigment printers may keep binder and
crosslinker out of the reduction, as pastes containing
a large proportion of colour need higher contents of
these two chemicals. Printers using reactive dyes may
make two reductions, one without alkali (for two-
phase printing) and one with alkali. Other reactive
dye printers may have reductions with high and low
solids contents to give improved print definition with
economy. Vat dye printers also make two reductions,
one with alkali and one without, depending on
whether they are printing by the all-in or two-phase
(flash age) method [209-211]. The preparation of
reduction has been the last to be automated.

Most printers will use reduction to turn so-called
mother colours (colours as supplied from the
manufacturer) into standards or standard colours by
adding the mother colour to a reduction to give a print
paste of the strongest colour value that will, they
believe, ever be used. Such a practice is not really
necessary for pigments but many printers will either
make standards or diluted forms of the pigment
dispersion so that dispensing is effectively more
accurate because larger weights are involved. In 1987
Gunther gave an excellent review on the general
requirements for a colour shop in a printworks
applying reactive and disperse dyes [212,213].

For many years print pastes were made-up by
pushing a trolley, on which was mounted a scale,
under a series of large manual valves (often called
treacle valves), which supplied material from storage
tanks [214]. It is not surprising therefore that the R&D
department of the Calico Printers’ Association (CPA)
in the late 1960s developed ideas along these lines.
These were picked up by the group’s Electronic
Production Department (EPD), later to be renamed
Texicon Ltd, and resulted in the patents filed by
Tootal Ltd [11,215]. These developments, planned for
internal use within the CPA, were marketed and sold
by Texicon to meet the costs incurred. An early
description of this system appeared in 1978 [216], and
the full launch of a unique system, now called
Autoweigh, was made at ITMA 1979 [217]. The EPD
had examined and rejected volumetric systems using
dosing pumps on the grounds of accuracy and
calibration. These need constant checks using a scale
and so the EPD argued that the scale itself should be
used for the dosing system. Program control was via
punched cards and the trolley, which carried a triple
load cell weighing system, was driven by a battery-
powered variable-speed drive, and hence needed to
return to its starting point on a regular basis in order
to recharge. Such a system was immensely heavy and
the flow of viscous materials under gravity made pipe
diameters and dosing valves very large. A key feature
of the whole system was the dosing valve design.

A diagram of the base of one of these is shown in
Figure 10, in which the valve plug is closed in a

Position 1 Position 2 Position 3
Flood flow Dribble flow Drip flow

Figure 10 Original Texicon Autoweigh valve

scissor-like action to give a very sharp cut-off and to
prevent dripping. The valve plug itself is grooved
around its circumference with wide, short grooves
and long, narrow grooves. It is these grooves that
control the flow at low and medium levels. In position
1 the plug is completely removed from the seat
exposing a large hole through which product can flow
in large quantities (flood). When the valve partially
closes (position 2), product can only flow through the
wide and narrow grooves giving a much lower flow.
Finally the valve moves to position 3 where the flow
to the wide grooves is cut off and the only flow is
through the narrow grooves. No flow, of course,
occurs when the valve is on the seat. The electronic
logic is designed to give flood flow (4.5 kg/s under
gravity) when the weight required is above 4.25 kg.
Between 4.25 and 1.25 kg the flow is reduced to a
dribble, and below 300 g the flow becomes reduced
to a drip.

By the early 1980s PCs were replacing punched
card controllers and the scale had been up graded to
weight up to up to 300 kg [218]. Mettler EMFC scales
replaced load cells and the system was renamed
Autoweigh 2. Over 100 of these systems were sold
world-wide. Further developments including pumped
circulation of mother colour and/or standard through
the dosing valve resulted in the production of the
Super Standard valve. This ultimately lead to the
ability to cluster the valves in a circular pattern, in a
single valve block, and the development of the
Formula 1 dosing system [82,219]. A very detailed
description of these changes was given by Larkins in
1992 [220]. This paper is particularly interesting as
it gives some information on printers catering for
different market sectors, e.g. apparel and home
furnishings, and an indication of productivity
demands for a dosing system. DCI stopped selling
Texicon production dispensers in 1995.

Around 1978, Van Wyk Industrie Producten BV
(now Vanwyk Systems BV) developed a semi-
automatic dispensing system, first shown at ITMA
1979; both in-line and clustered dosing valve
arrangements were offered [221,222]. Both systems
used PLC controllers. Also in 1981, the company’s
then owner, Willem van Wyk, made a presentation to
the VTCC in Baden-Baden, outlining how print
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dispensing systems had progressed since the early
days, the advantages of automation and the possibility
of using volumetric dispensation [223]. This is an
excellent paper giving details of the valves and control
systems available at that time. Mdser reported on the
use of a Vanwyk dosing system at a pigment printing
works [224], while Ritter reviewed these dosing units,
claiming that the problems associated with high-
accuracy dosing of mother colour had been solved by
the introduction of the Minidispenser. A description
of PC control with a self-calibration scale is given
along with diagrams of the Minidispenser, its colour
circulation options and possible use in production,
with a separate reduction dosing unit [225].

Subsequently the company, under new ownership,
continued to make equipment for textile printing,
fragrance/flavour, paint and ink industries but it has
also moved into the solid dye dispensing and
dissolving area [226]. Various compact dispensers
have been introduced that use a parallel line of small
stainless steel valves, mounted in a steel block, which
are either fully open or fully closed; each valve is
supplied by a pump. In one dispenser a gear pump
is employed that runs at variable speed until the
difference between the actual weight and desired
weight is small. At this point the software switches
the pump to constant speed and pulses the valve. In
the other case the pump is an air-operated, single-
diaphragm pump fitted with an air-bleed valve. As the
weight difference reduces, the air-bleed opens and the
pump looses more and more power, leading to smaller
and smaller deliveries to the dosing valve. Vanwyk
seems to supply all of its dosing devices with a useful
small keypad that allows manual interaction with the
PLC. The so-called Recipe Administration software
package supplied is reported by users to be more fully
featured than that of certain other suppliers, although
some of these features are supplied by add-on
modules at extra cost.

In 1984 Pesch described its carousel paste
dispensing station in detail [227]. Although the
company has since ceased trading, its publications are
very informative and its publications on colour
kitchens can be recommended [228-230]. B&L
promoted a volumetric dosing system for print pastes
using its dosing pumps; pump delivery details are
given along with a picture of a production unit [231].
DeGroff (ACS) has described a volumetric dosing
system [232,233]. Beckmann and Mock also
discussed the system [100,111]. Such systems were
popular in the USA but not in Europe. After DCI
bought ACS the sale of volumetric print paste dosing
equipment ceased.

In 1983 Stork supported its business in textile
printing by offering a gravimetric dosing system. This
was a carousel-based system called the IPS2000 [234—
236]. In this equipment, filtered mother colour or
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reduction is delivered to up to 76 dosing valves,
which are effectively boxes bolted to the carousel.
The circulation loop is connected to two ports on the
side of the box pointing towards the centre of the
carousel. Two spindles project from the top of the box.
These spindles are the valve stems and the bottom
of the spindle is the valve plug, the seat of which is
the drain hole of the valve. One hole is fine and the
other is coarse. Under PC control the carousel is
rotated to an actuator (located above the delivery tub)
which lifts the valves stems to open one or both
valves continuously or intermittently (stutter mode)
to deliver the required weight. On request from the
PC, a tub is delivered to the weighing station beneath
the carousel, and after dispensing, it is moved to a
mixing station, which uses a rotating pair of rotor/
stator mixers (one in duty cycle the other in rinse
cycle). After mixing, the tub is moved to a holding
area, with its ticket, to await strike-off.

The Stork system was a powerful tool, highly
regarded by printers, with a very sophisticated tub
handling system. Major concerns revolve around the
need for specialised mixing tubs (printers prefer to
use blue tubs!), the single actuator (a failure puts the
whole unit out of commission) and slightly outdated
software. The latter is a non-graphical application
running under UNIX, which is quite unusual. Y2K
compliance has been a reported problem for Stork and
Bespoke has been working with Stork on the
application software [237]. With all dosing systems
that dose mother colour ‘on top of’ reduction there
is concern about loss of colour caused by the mixer
coming into contact with the colour. The colour tends
to adhere to the mixer and is not displaced during
mixing, i.e. colour is lost when the mixer is moved
between duty and rinse cycles.

The split with GSE prompted Stork to re-examine
its approach, resulting in the Stork Saturn system
[238], which is more compact than the IPS2000. GSE
Klieverik started to supply the IPS1200, which is very
like the Stork IPS2000 system, but uses modified
dosing valves [239-241]. GSE also supplies the IPS
Compact dispenser (which is similar in appearance
to the Texicon Formula 1) and a patented print paste
recovery system [242-244]. The latter runs a very
attractive graphical application under Windows NT.
These two companies, however, have finally settled
their differences and came together in late 2000.

Ozark, which was formed about 12 years ago, has
filled the gap left by DCI-Texicon to some extent.
Ozark has redesigned and patented the Super
Standard valve [245,246]. Each valve, unlike the Stork
system, is fitted with its own actuator. The system
provided by Ozark (PD series) is a track system that
delivers blue tubs to a dosing unit. The dose is then
sent to a mixing station, which again uses a pair of
rotor/stator mixers but this time they are moved



pneumatically from paste barrel to cleaning chamber
[247]. All of this leads to a compact system that can
undertake colour circulation by means of progressing
cavity pumps. The software is written in BASIC
running under Real32 and so does not give such an
attractive screen display but is reported by users to
perform well.

Several Italian companies were active in this area
[248]. CIR, IAS, MS Machinery & Systems, Termo-
elettronica and even ColorService have promoted print
dosing units. One of Termoelettronica’s DPA 91 units,
which uses a carousel of valves above a scale, has been
operating satisfactorily in the UK for many years. CIR
also supplied units for both print paste and liquid dye
dispensing to the UK. The dosing head was a carousel
but the valves were not held in a fixed position: they
were inclined at 45° to the vertical and pulled into the
vertical dosing position by small hydraulic cylinders.
Such suppliers, however, no longer seem favoured. IAS
seem to have moved from print paste dispensation to
solid and liquid handling [249].

Kinder has been quite successful in making
reductions for pigment printing. In one case, a special
vessel, about 2 m high, fitted with a powerful mixer,
and mounted on load cells is supplied with
ingredients from IBCs. A large ARO pump then
pumps up mixture to the reduction storage tank. In
another case, the Kinder CDS unit was making 100
kg batches of the mix in the same way as the special
tank described previously. This mix was then
supplied to an open mixing tank, and when all of the
part mixes were assembled the whole mix was
pumped up to the bulk reduction storage tank.

RV Chemicals Ltd has been active in developing
automated hydrosulphite dissolution for flash ageing
vats. After flash ageing, the print is oxidised with
hydrogen peroxide in the washer. Most washer
suppliers can provide oxidant-dosing units.
Rotameters, or some other type of flowmeter, are
usually used with manual (to trim/bypass the flow)
and automatic (to interlock the device) valves.

In 1995 Provost and Aston published a brief review
on printing of cellulosics and discussed integration
of pre-print operations [250]. Scanning of designs,
fitting these designs to give repeats on a particular
machine, colour reduction, jet printing of colour
squares for recipe prediction and production of
cartridges for laser engravers have become more and
more integrated, with one PC easily communicating
with another via a network. The conversion of the
recipes into print pastes and transmission of this
information to the dosing system have not been
integrated anything like as well. The recipe and batch
data still needs manual input into the supervisory PC.
This PC can communicate with the dosing PC and
they share information. It is rare for this data to be
shared with the works information systems.

A major change has occurred in sampling over the
period reviewed. Customers now require larger
samples in a fully finished form, which they use to
make up a sample of the final article. This is both
disruptive to production and has made the sample
dosing system, usually provided with production
units, unsuitable. Stork has moved to meet this need
by supplying the Rhea [251], a complete sample
dosing system. The Vanwyk UCD dispenser also
seems ideal for this [244], as was the ICS-Texicon
MUDS.

Concluding remarks

Batch machines and mangles that already possess side
tanks are easily served by automated dosing systems.
This was a reason why package machine users so
readily embraced chemical dosing, why jig suppliers
started to supply side tanks and why winches are
seldom served by such systems.

The gravimetric supply of solid (electrolyte or
alkali) or volumetric supply of liquid chemicals to
preparation ranges, dyeing machines or finishing
stenters is a feature that should be adopted by all
dyehouses. The advantages, including labour saving,
far outweigh any costs incurred. What the costs are
and which system is selected depends solely on
dyehouse need and space availability. This review
gives some insight into the choices that meet the
need.

Gravimetric dispensing of colour whether liquid or
solid is preferable, in my view, to volumetric
dispensing of liquid colours, although I am aware that
volumetric systems were popular in the USA. The
cost of sophisticated gravimetric dye dispensing
coupled with dissolving stations and the associated
distribution system is, however, difficult to justify.
This is a personal view, which will be countered
strongly by suppliers of such systems. The comment
is not made on any technical grounds (from what is
available, most systems work well and do what the
suppliers claim in terms of productivity and
accuracy), but is simply made on cost/efficiency
grounds. Whatever the system, recipes are produced
in a timescale that is quite short compared with
overall dyeing cycle time. This means that expensive,
bulky pieces of equipment stand idle for quite some
time unless there are very large numbers of dyeing
machines. The dilemma created by the cost/utilisation
factor versus the need for right-first-time dyeings and
to meet short delivery times is something that the
individual dyehouse has to resolve for itself.

As far as print paste dispensing is concerned, the
need is well established on the grounds of volume
and frequency of doses. Existing equipment suppliers
can meet that need well. The introduction of pumped
systems, which allow the use of smaller dosing valves
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and for these valves to be clustered, was a great step
forward. The recovery and reuse of paste also looks
like a significant advance, but is still in its infancy.
The need for sample paste dispensers, separate from
the production dispenser, also seems to be becoming
more accepted.

Today, all aspects of dyehouse or print shop pro-
duction are complex. The integration between orders
received, production scheduling, recipe prediction,
production execution, examination, dispatch and
payment systems is always stressed by the computer
hardware and software houses. Unfortunately, full
integration does not yet exist and there is ample scope
for real progress to be made in coming years. Serial
control and data acquisition (SCADA) systems, pro-
moted by Arel at ITMA95, are being used as control/
diagnostic tools on robotised package machines. These
will gain increasing use in general dyehouse practice
to minimise unscheduled downtime.

Finally, purchasers of equipment for large-scale
projects seldom seem to build in a training element
into the cost of purchase or, if they do, they use it as
something that can be negotiated (out?) to reduce the
final price. In my experience this is a mistake.
Systems, particularly computer/control systems, are
now highly complex. Unless the supervisory
management in the department in which the
equipment is installed understands all the options
available from the system, then they will never be
able to write the correct standard operating pro-
cedures. Hence operatives will never be able to reach
the full potential of the new equipment.

This review would not have been possible without
help from many dyestuff, chemical and equipment
suppliers too numerous to mention. A special thanks
goes to Trevor Larkins (THL Technology), without
whose expert help and advice the project would not
have got off to such a good start and who could have
easily written this review.
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