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The paper discusses the concept of
continuous extraction of liquids from a
group of dyeing or similar machines, its
transport througl narrow-bore tubing to a
central point to facilitate measurement,
and the presentation of appropriate
paramelers governing processing
conditions. This approach facilitates the
installation of fairly sophisticated
instrumentation to measure the parameters
{e.g. pH, conductivity or absorbance) from
each processing machine in turn; the data
are scanned and recorded and the user can
read andjor automatically correct the
condition in any selected machine: pH-
monitoring applications in three different
dyeing and bleaching works are described.
Reference is made to its applicability ro
on-line continuous processing and
extension to automatic control, and its
potentialities in relation to the control of
dyebath exhaustion are indicated.

Introduction
The ideals of monitoring and/or cont-
rolling the performance of a group of
dyeing machines or alternatively the
different stages of a continuous on-line
scouring, dyeing or printing range have
already achieved a considerable degree of
fulfilment. There remain, however,
certain gaps. For example, it is frequently
the case that the condition of the liquor
circulating in such machines provides
valuable data as to the state of the
process, but the relevant properties can-
not be conveniently measured within the
vessel itself. This is true of the liquors in
the vessels of a typical dyehouse; the only
parameter whereby centralized monitor-
ing and control can conveniently be
imposed is that of temperature. Thus the
indirect method of measuring time and
temperature is used almost exclusively,
the internal pH conditions and the state
and rate of exhaustion of the dye and
fibres remain unknown and therefore
unusable as control parameters.
Typically, dye manutacturers’ instruc-
tions for acidic dyes contain the two
directives; “adjust pH” and “check pH”.
The practical dyer knows that this is an
important factor in obtaining reproduci-
bility of dyeings and especially so in the
cases of polybasic and metal-complex
acid dyes. In addition to wool and nylon,
the dyeing of polyester fibre can also bhe
extremely pH-sensitive, a tolerance of
0.1 pH unit having recently been
quoted. Dye manufacturers are currently
recommending new techniques involving
the automatic adjustment of pH during
the course of dyeing either by physical or
chemical methods. Few dyehouses are
adequately equipped for such refine-
ments; the usual procedure involves no
more than the addition of imprecise
weights or volumes of the appropriate
industrial chemicals and even the use of
buffers in economic quantities cannot
produce the degree of control necessary
for regular on-shade reproducibility.
Much variability is introduced in practice,
in the case of wool, by a large range of
possible alkalinity acquired in scouring
and in the case of other fibres from
changes in the condition of the water
used. The only method of pH measure-
ment to be tound in the majority of

dyehouses is the use of universal papers
capable of indicating pH within limits of
+1 unit when testing an uncoloured solu-
tion under ideal conditions. It is only the
exceptional dyer who has the time and
patience which is necessary to deploy
conventional pH meters successfully in an
industrial dyehouse.

Industrial pH Measurement
The use of industrial-type pH electrodes
in conjunction with individual dyeing
machines is of course possible, but for
many mills the problem of standardiza-
tion and maintenance is inevitably seri-
ous. In ndustry such work must be
carried out (if the results are to be used
with confidence) by highly-qualified
personnel who are dedicated in the belief
that meticulous control of pH is essential
to the operation. The equipment
currently available for industrial pH
measurement is generally of very solid
and rugged construction; electrodes are
designed to fit into chemical and other
machines so as to withstand extremes of
temperature, pressure, contamination and
the like. They are also designed for fairly
frequent removal from the machines for
examination, cleaning and standardiza-
tion. Thus, the most important part of
each instrument is necessarily on the
dyehouse floor so that problems may
arise with skilled handling and mainten-
ance. Installation is clearly an easier task
on those machines where liquor flows
continuously through a cooled and
depressurized side tank. Developments in
electronic engineering have made avail-
able solid state devices capable of giving
highly stable performance over long
periods of time, and such devices can be
suitably protected so that they will oper-
ate in the presence of very adverse indust-
rial conditions. Clearly, however, it is
better to have the pH meters away from
the dyeing machines, and it is possible to
bring together the electrical outputs from
a number of machines in the same dye-
house and carry out the necessary elect-
ronic operation on the signals in a single
console, preferably situated in or near the
control room.

One particular industrial automatic
pH meter was evaluated in the Wira
dyehouse and found to be sturdy and
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reliable. Nevertheless, electrode standard-
ization required the removal of the eleci-
rode from the dyeing machine and
immersion in a receptacle of buffer solu-
tion on the dyehouse floor.

Centralized Dye-liquor Monitoring

In the development [1] described in this
paper, instead of using electrodes
attached to each dye vessel, the liquors
from the various machines are brought to
a commen control point, and monitored
centrally under the more favourable
conditions of a laboratory. Previously this
approach has been usually rejected
because it appears to introduce additional
installation problems. Once the difficult-
jes have been satisfactorily surmounted,
however, the approach has definite
advantages. The first of these is that
several dyeing machines can share a
commeon measuring system which can be
automaticalty re-standardized at regular
and frequent intervals. Secondly,
measurements are done under laboratory
conditions and can be handled exclusively
by personnel with laboratory training. A

third advantage is that centralized liquor
monitoring, if in the first instance
installed for continuous pH measurement,
is readily extended to enable other
characteristics of the dye-liquors to be
examined.

It is not easy, particularly with
modern enclosed dyeing machinery, for a
dyer to get a regular impression of the
visual appearance of the dye-liquors,
much less to evaluate their progressive
and ultimate exhaustion. Centralized
monitoring brings either inspection or
direct control of the dyeing process, by
measurement of the exhaustion onto the
fibre (already introduced abroad as an
alternative to the indirect time-and-
temperature method), nearer to practic-
ality. More immediately, it could be an
extremely useful tool for checking,
amending, optimizing and updating the
dyeing routines. A great deal of invest-
ment is currently made in sequential
control equipment that is elaborately
designed to ensure that standard pro-
cedures are repeated exactly. But there is
no way of checking on the rate and final
degree of exhaustion, except by using a
system such as the one proposed.

The Initial Installation Application in
Industry

The schematics of this installation are
shown in Figure 1; it is convenient to use
this system as a general introduction to
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Figure 1 — Schematic for initial installation

the principles involved. In this case, the
three package-dyeing machines were
connected to remote feeding from the
dye kitchen; Celcon controls were
installed in the adjacent office. The
machines were of the air-pressurized type
and the mode of operation was such that
the total vessel pressure could not be used
as the driving force of dye-liquor circula-
tion through the small bore pipes con-
necting the machines with the office. The
pressure developed by the main circula-
ting pumps was therefore utilized and the
outward and return pipes (PTFE, 3 mm
internal bore) were attached across the
pump by means of appropriate flanges, a
fine filter mesh being fitted in the
upstream member. (This method was
possible because the dyeing machines
were being newly installed.) Stainless
steel isolating valves were also fitted at
these points. The transmission times for
liquor from machines to office were
approximately 1 minute.

VIEWING AND ELECTRODE CABINET

pH METER,
RECORDER

The following items were installed at
the monitoring station which was situated
in the laboratory area between the dyers’
office and the dye kitchen.

Liguor Distribution Unit

Liquor is expelled via T pieces in the
individual circulation loops and, after
throttling, enters individual tubes of
finely drawn stainless steel. Eight such
tubes are arranged in a circular manner
around a central rubber block in such a
way that their ends are normally sealed
against the block, but can be sprung away
by the action of individual solenoids.
Thus a Multiple Valve Block is created
from which segregated liquors are fed,
after cooling, to a single pH electrode and
to a viewing tube and thence to waste.

Viewing and Electrode Cabinet

This fits below the distribution unit;
liquors are piped via inverted syphons to
an array of cylindrical viewing cells



illuminated by two horizontally mounted
fluorescent tubes; there are two viewing
windows per dye vessel; the lower
windows (A in Figure 1) display the
currently exhausted liquor at approx-
imately 2-cm path length. The upper
windows, B, display the same liquid at
10% of this path length, this result being
achieved by the insertion of smaller-
diameter scaled glass tubes containing
water. A single combined pH and
reference electrode is used. The buffer,
washing liquor, as well as any liquor
required for external laboratory pH
measurement, all pass through the same
U-tube which also houses the pH meter
temperature compensator. Water cooling
(not shown) is provided, and the
measured lHquids (up to 50 ml per vessel
per minute) flow to waste.

pH Meter
The pH meter installed was an EIL Model
7020.

Recorder

This was a Bryan Model 27000 with
insertion of identifying pulses on the
trace corresponding to a particular dye
vessel.

Control Unit

This contains an electro-mechanical pro-
grammer which scans the dye vessels in
order with a 2-minute dwell time on each
vessel. The programmer can be adjusted
manually to any vessel and the dwell time
extended as required.

In this system the emphasis is on simple
mechanical and electrical construction
principles combined, wherever possible,
with the incorporation of standard equip-
ment such as the pH meter itself and the
programmer,

Althcugh there were intermittent
leakage problems in the first months of
operation, mainly arising through the use
of inadequate coupling components
within the viewing and electrode units,
the operational reports on the machine
have been satisfactory; the dyer was
presented with a continuous record of pH
and the facility for carrying out
individual checks when setting the bath
and when initiating the dyeing. Where
necessary, the dyer could correct the pH
by the injection of acid directly from the
dye kitchen; in this installation no facility
for dosing was included in the pH
monitor.  Periodic  cleaining of the
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Figure 2 — pH and colour monitor system

individual restrictors feeding the monitor
was necessary as routine maintenance,
but, if this was done, the system worked
satisfactorily  for afterchrome dyeing
without giving rise to blocking.

THREE COMMERCIAL PROTOTYPES
As a result of the experience with the
initial installation it was realized that,
with certain modifications, the concept
merited further commercial development.
Instailation of the redesigned equipment
is at or nearing completion in three firms
— a yarn package dyehouse, a top dye-
house, and a dyeing and bleaching plant.
In addition to improving some of the
pipework and constructional methods, it
was decided to replace the instrumental
display with digital solid-state electronics.
In so doing it became practicable to
provide individual circuit boards for
measuring the pH of each vessel. Thus, at
the cost of providing one laboratory-type
pH electrode per vessel, the system of
individual liquid distribution valves could
be dispensed with as well as the bought-
out pH meter.

The new display units are designed to
scan the pHs of up to ten different
vessels, & standard pull-out panel carrying
the circuitry dealing with each individual
vessel. From each panel, the actual pH,

Push button addition
system

the target pH and the difference between
them can be obtained by touching the
appropriate button, as well as enabling
new targets to be set. The data are
presented on a 3-figure digital display and
the whole unit is designed to make clear
the meaning of each set of figures dis-
played. The adjustment controls for
temperature on the individual vessel
pH-measuring modules are not normally
accessible, because in practice the liquors
in the dye sample unit are maintained
between 30°C and 40°C by means of a
water bath, so that the maximum pH
error on account of temperature is within
+0.05 of a pH unit between pH 4 and rH
10. Similarly, the standardization adjust-
ment control is accessible for screwdriver
adjustment only. Push-button comparison
with the appropriate buffer is provided,
but in practice the drift in standardiza-
tion during the course of a working day is
not usually significant.  Therefore,
although it is no longer necessary to
incorporate an automatic buffer standard-
ization operation in the scanning cycle (as
had been done in the original instal-
lation), it is advisable that this correction
should be carried out daily and recorded.
As shown in Figure 2, the provision of
digital print-out makes this possible and
also ensures that all operationally signi-
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ficant pHs are recorded in a more
convenient and accessible form than is
feasible with a pen recorder.

The Dye Sampler Unit is made up on
the basis of a separate cabinet for each
five vessels; except for minor improve-
ments, the principles are essentially the
same as in the initial prototype. A single
2.5-mm path length viewing tube is
provided per vessel.

Controlled Chemical Additions

The dyer has the facility to correct the
pH by means of the instrument since
push-button facilities are provided for
adding acid and/or alkali (or indeed any
pair of chemicals where the appropriate
alternative parameters are being
monitored). In the case of pH, it was
considered inadvisable to apply a feed-
back loop for automatic control, since
the response-time of most textiles to pH
adjustment is too slow; instead, the dyer
refers to a Table based on type and size
of load and the observed difference in pH
from the value intended. It is anticipated
that this computation will eventually be
automated.

Different users may well wish to use
this facility in different ways; for
example, a package dyer of yarn, having
checked the pH after setting the bath and
at the beginning of dyeing, will be pre-
pared to make an addition at this point
and accept the delay if the monitored
value is outside tolerance. A top dyer, on
the other hand, knowing that his product
is to be blended, will probably be
prepared to postpone corrective action
until the bath is being set for the follow-
ing dyeing. In either case the develop-
ment of the monitor provides an
incentive to improve safety, by eliminat-
ing the handling of buckets of acids or
alkalis and piping them instead directly to
the dye vessels. Chemical tanks and ring
mains, with individually calibrated
delivery to the machines, have been
added to each of these three commercial
prototype installations. Although in two
cases acid addition was the only facility
required, the third case involved both
acid and bleaching additions.

Figure 2 shows the range of facilities
available in these commercial, prototype
installations. In the case of the package
dyehouse — the only one of the three in
which operational experience is yet forth-
coming — it appears that the project has
been found to be of great practical
benefit. Operational reliability is greater
than in the original installation and it is

102 JSDC March 1979

believed that, provided reasonable
standards of routine maintenance are
carried out on both dyeing machinery
and filters, no problems of blockage or
electrode poisoning will be encountered.
After one vyear’s full operation the
original electrodes of the first commercial
prototype were all found to be working
efficiently and were not replaced.

The Circulation System

The success of this project depends

primarily upon establishing a circulation

system for the various machines, in
accordance with British Patent

1,313,225, at reasonable cost and which

can be relied upon not to impede the

normal work of the dyehouse. There are
two possibilities:

(a) an outward and return piping system
for each dye vessel (adopted in two of
the installations);

(b) one-way piping with no liquor
returned and the surplus wasted
(adopted in one of the installations).

Generally, method (a) is preferable;
the outward flow is then through 3-mm
bore PTFE tubing, returning through
6-mm bore tubing. The amount of liquid
drained away through the monitor itself,
typically 20 ml per vessel per minute, has
negligible effect on production dyeings.
The method usually involves no more
than a 0.75-min delay time between
vessel and monitoring point, for distances
of less than 30 metres, using the pressure
generated by an enclosed vessel. With
method (b), using 3-mm tubing, the runs
can be extended to 50 metres. A larger
flow of liquor has to be accepted (550 ml
per minute), but, in the particular instal-
lation involved, the overall loss of liquor is
substantially reduced because the
accepted method is to switch off the
individual channels once dyeing has com-
menced. Although under method (b)
there is some increase in range and some
savings in material and installation costs,
the main reason for its adoption arises
from the type of dyeing machine being
serviced; one that is not fitted with a
secondary tank at atmospheric pressure
(with method (a)) can only provide the
differential pressure across its pump to
drive an external recirculatory system.

When fitting the monitor to
unpressurized dyeing machines, a suitable
pump must be provided for each
machine. This problem arose in the case
of the bleaching plant; fortunately, ail the
distances involved were short and an

inexpensive pump was suitable for each
channel. For larger dyehouses with
unpressurized machinery an economical
form of low-volume positive displacement
will be required. It is also recognized that,
to be widely acceptable, it must have the
potential of operating at fairly long range.
For example, it may be required to take
in auxiliary equipment at some distance
from the main dyehouse or again there
may be a requirement to site the monitor
on the floor above the dyehouse, which
might seriously reduce the pressure
available for liquor flow. It is intended to
meet such problems as follows:
(a) Using positive displacement pumps.
(b) The 5-channel Dye Sample Units can
be installed at separate points within
the dyeing area, provided that they
can be segregated from the normal
dyeing operation and be accessible
only to qualified personnel; the
central monitoring station would then
be elsewhere and be connected by
electrical links only.
(c) If the distances between monitor and

sampler units do not exceed 60
metres, then Jlow impedance
electrodes can be used. Repeater

amplifiers can be installed to deal
with longer distances.

Further Developments
The projected methods for extending the
use of the monitor to more remote
installation is necessary  because
experience to date indicates that pH
monitoring along these lines will be
attractive in large dyehouses. The exist-
ence of such a system gives rise to further
opportunities for automation. In partic-
ular, it clears the way for the continuous
monitoring and controi of exhaustion. [n
the three industrial prototypes described
above, although visual display of the
exhausting dye-liquors is provided, the
arrangement is less elaborate than in the
original pilot installation and it is
recognized that, although dyers are glad to
have the liquors displayed during the dye
uptake stage, the value of this facility is
strictly limited because no gquantitative
information is provided. At least one
system [2—4] is commercially available
for monitoring and controlling dyeing
processes by direct measurement of
exhaustion either on experimental or
production dyeing machines, but it has
not been used on an extensive scale. The
reasons for this are evidently as follows:
(a) Tt appears, rather surprisingly, that no
satisfactory theory of exhaustion



exists in relation to unlevel dyeing
[5,6]. This is particularly so as
regards a theory adaptable for practi-
cal processing; it would be difficult
for dyers to make use of any exhaus-
tion parameter that was not presented
in a particularly simple and accessible
form, e.g. either a warning that level-
ness was at risk or an intimation that
dyeing was being unnecessarily
extended in time.

(b) Tt follows from (a) that full automatic
control and/or data processing and
storage facilities are required in a
satisfactory system.

(c) Such a system must be capable of
yielding significant optical measure-
ments over a wide range of
absorbances and spectral distribu-
tions, and must be unaffected by
contamination and scattering pro-
blems,

{(d) The dye-liquors must be available for
measurement in a suitable environ-
ment, and the instrumental and com-
putational facilities to overcome the
problems mentioned above are likely
to be viable only in a comprehensive
system involving a group of machines.

(¢) The system must not require much
skilled attention except for the mini-
mum  servicing necessary, and no
unskilled attention whatsoever.

It is suggested that the pH monitoring
system described in this paper can solve
the two latter problems: also that certain
other developments will shortly account
for the remaining ones.

No opportunity has yet arisen to
apply the monitor to continous on-ine
processes, although there is evidence of
some interest in a field other than dyeing
and finishing where the significant para-
meter is conductivity rather than pH. The
printed circuit boards and presentation
are readily adaptable to such a use. In its
pH format, it is anticipated that the
monitor will find use on continuous
preparation and coloration ranges.
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DISCUSSION

W. H. Jones: Reference has been made
during the paper to the possible use of
the system to measure the exhaustion
process of dyeing. Is there a suitable
spectrophotometer available to do this,
or, alternatively, is there one that can
readily be adapted?

Dr Harker: In principle, spectrophoto-
meters exist that could carry out these
measurements quite satisfactority. There
are problems, however, in (a) introducing
into the light beams all the different

optical cells that are required and in (b)
programming existing instruments on an
appropriate basis. Also, it is unlikely that
one would need all the refinements that a
good standard instrument would possess.
Whether to employ one or not is still an
open question.

B. Kraske: What guarantee is there that
the pH displayed by the instrument is the
same as in the dye vessel?

Dr Harker: The ‘time lag’ for liquor
transmission is generally less than |
minute; care has been taken to eliminate
fortuitous buffering effects within the
system, and emphasis is placed on the
significance of pH as referred to a
constant temperature, an approach which
is justifiable under the conditions under
which the instrument is used.

B. C. Burdett: Why use an instrumental
system for pH control when it can be
achieved by buffers?

Dr Harker: The ability to use strong acids
with the minimum of other chemical
additives is advantageous and leads to
both economy and flexibility. The instru-
mental approach also gives the dyer addi-
tional confidence, allowing the observa-
tion of the dye-liquors and preparing the
way for direct monitoring and control of
dye exhaustion.
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