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The acid and alkali binding power of wool is examined in
the light of findings reported in the literature. Reference is
made to the importance of pH as a key factor in the
exhaust dyeing of wool. The optimised exhaust methods
for dyeing wool and nylon proposed in the literature,
especially those controlied by pH such as the Dosacid
system (CGY), are enumerated. Dyeing trials with a new
control and dispensing unit on slubbing and yarn at all
stages of processing are described by means of a time/
temperature/pH diagram. The economy of the Dosacid W
system, which uses dilute sulphuric acid and caustic soda
for all pH adjustments, is demonstrated by the chemical
costs calculated for several batches.

INTRODUCTION

Wool is an amphoteric substance and can hence react with
both acids and bases to form salts. The amount absorbed
can be determined by acidimetric titration {IWTO standard
3-66) or by measuring the aqueous extract (IWTO standard
2-66). As pointed out by Hildebrand and Hirtz [1]: ‘the
widespread practice of measuring pH in the wool trade and
in the wool-processing industry has, however, resulted in
the pH concept becoming separated from its meaning as a
measurable variable of aqueous solutions, and in people
speaking simply of “waol pH”’. This is an oversimplifica-
tion and can easily resuit in a wrong interpretation of the
measured values. pH is defined as the negative logarithm
of the activity of the H,0 ion in agqueous solutions, so that
indicating the acid/base content of wool by means of pH is
linked to measuring the pH of extracts or of solutions in
equilibrium with the fibre.

Speakman and Clegg [2] examined the relationship bet-
ween chemical constitution and levelling properties of acid
dyes applied to wool. They used sulphuric acid and sodium
chioride, and found that the small inorganic anion diffuses
into the fibre at a faster rate than the large free dye acid
anion, a phenomenon that had been demonstrated earlier
by El6d [3]. Although dynamic in the acid bath, the equilib-
rium is shifted in favour of the free dye acid anion bound to
the fibre owing to this anion’s lower rate of diffusion.

Meyer and Fikentscher [4] studied the acid binding of a
large number of inorganic acids. They discovered that
wool can absorb an equivalent quantity of acid amounting
to 0.071-0.090 equivalents for 100 g dry wool. It is interest-
ing to note that the equivalent weight (about 1200 g for
wool} is independent both of the molar weight of the acids
used (36.5-299) and, in general, of their basicity.

The tests carried out by Ender and Miiller [5] showed that
the acid binding power of the wool depends on the pH of
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the mineral acid solution (H,SO, or HCi). They demons-
trated that, even at room temperature, these acids are
absorbed very rapidly by the wool, and that the saturation
limit is usually reached after a few minutes. The rate at
which free dye acids were taken up by wool at room temp-
erature was substantially lower than the absorption rate for
mineral acids. Tests at 50 and 90°C indicated the unsuitabil-
ity of potentiometric titration of the spent liquor as a means
of determining the amount of free dye acid absorbed by the
wool. This has to be determined gravimetrically. The
authors found that the maximum acid binding power of
about 0.085 g equivalents for 100 g dried wool at 90°C was
attained by almost all free dye acids studied (mono and
disazo dyes) within a short time.

Steinhardt and Harris [6] investigated the combination of
woal with hydrochloric acid and potassium hydroxide as a
function of pH at different ionic strengths, and found that
salts markedly affect the titration curve of wool {Figure 1).
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Figure 1—Combination of woo! with hydrochlioric acid and
with potassium hydroxide as a function of pH

Steinhardt, Fugitt and Harris [7] studied the binding of
hydrochloric acid, sulphuric acid and Orange il to wool as a
function of pH. They found different relationships between
pH and acid content for the two acids. ‘Chemically pure
wool’ binds hydrochloric acid only below pH 4, but at pH 4 it
binds about 0.1 mmol sulphuric acid per gram, equivalent
to 0.049% wt/wt. At this same pH 0.5 mmol Orange |l is
bound.

It thus follows that the higher the affinity of the acid
anions for wool, the more acid will be bound at a given pH
(Figure 2}.

It therefore makes little sense to specify a limiting pH on
the acid side without at the same time indicating the acid
concerned.

The detailed studies by Harris et al. [8] showed that
strong and weak acids behave differently towards wool.
The amount of acid absorbed increases markedly with the
amount of undissociated acid present in the liquor. Harris
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Figure 2 — Combination of wool with hydrochloric acid,
sulphuric acid and Orange I as a function of pH at 50°C

demonstrated that under these conditions four to five times
more weak acid is bound than hydrochloric acid.

Eléd and Frohlich [9] continued their studies on the
absorption of acids by wool and silk with a view to clarifying
the situation at low pH levels (0.2-3.8). Extending their
studies to include nylon, they focussed on the behaviour of
monochloroacetic, formic and acetic acids. They found that
at a given pH, the weaker the acid, the greater the amount
absorbed.

Precisely the reverse applies when comparing acid
uptake not at a given pH but at a given equivalent concent-
ration of the acids in question. A selection of the results is
given in Table 1.

TABLE 1

Uptake of Strong and Weak Acids by Wool at 20°C, LR 30:1

Uptake of acid in

PpH at the start

mvall100 g wool

3.00 12 HCI
2.50 30 HCI
2.50 31 CICH,COOH
3.00 18 HCOOH
3.00 22 CH,COCH
Acid

concentration(N)
0.10N 84 HCI
C.1I0N 61 CICH,COOH
0.10N 51 HCOOH
0.10 N 32 CH,COOH
0.01N 48 HCI
0.01N 31 CICH,COOH
001N 23 HCOOH
0.01N 18 CH,COOH

Hildebrandt and Hirtz [1] studied the relationship bet-

ween the pH of the agueous extract and the boric acid
extractable alkali content of a number of alkaline wool
samples. The steep upward slope of the curve which occurs
at pH 10.8 means that the alkali content of wool above pH
10.8 cannot be determined satisfactorily from the pH of the
aqueous extract (using IWTO standard test 2-66).
Sprenkmann [10] found that the soda content of tops and
scoured wool can differ widely, although the respective
aqueous extracts can have a closely similar pH. Laboratory
studies by Miiller [10] fully confirm this finding. Van Over-
beke [11] gives pH 9.5-10.5 as an empirical value for the
aqueous extract of tops and scoured wools. Studies by

Steinhardt and Zaiser [12] showed that for a given pH of
aqueous wool extract, widely differing amounts of alkali
can be bound to the wool, depending on the type of alkali
and the salt content.

EFFECT OF pH ON DYEING PERFORMANCE OF WOOL
DYES

The effect of pH on rate of uptake, levels of uptake and
fixation and — often bound up with these — fibre properties
is the subject of numerous publications, only some of
which need be mentioned here.

Speakman and Clegy |2] tested 40 monoazo and disazo
dyes with one to four sulphonic acid groups in the presence
of sulphuric acid and sodium chloride.

Ender and Miiller [5] investigated the power of wool to
bind the free acids of eleven azo wool dyes in the presence
of mineral acid anions.

Lemin and Vickerstaff [13] studied the adsorption and
desorption of azo dyes by waool at different pH levels in the
presence of sodium chloride and hydrochioric acid.

Peryman [14] showed that Glauber’s salt in amounts up
to 9.2 g/l has a fairly insignificant effect on the wool fibre
over the pH range from 1.7 to 6.8 for 3 h at the boil. How-
ever, above pH 6.8, i.e. in a short liquor with alkaline wool,
or if the dyebath has been adjusted to an alkaline pH with
ammonia at the outset, alkali damage occurs, rapidly grow-
ing more severe with increasing either the amount of salt or
the pH.

Schonpflug [15] examined the change in pH throughout
the dyeing process, and the effect of buffers on wool. In
general he found that buffers have a significantly more
marked effect on wool than treatment liquors of the same
pH made up with sulphuric acid or caustic soda. He points
out that ‘special care is needed when dyeing in the pres-
ence of ammonia or ammonium salts in enclosed machines
— especially those operating under pressure’. Evans [16],
when discussing the dyeing of wool with Lanasol (CGY)
dyes, mentions the great importance of pH for ievel dye
uptake at a controlled rate. He quotes a tolerance of +0.3 pH
unit as the permissible maximum. To neutralise acid
residues it is recommended that the yarn is scoured in the
dyeing machine with a non-ionic detergent in the presence
of sodium bicarbonate or ammonia before dyeing [17].

As early as 1953 Hannay and Major [18] recommended
diethyl tartrate and other hydrolysable esters as acid
donors to regulate the uptake of wool dyes, instead of the
inorganic compounds and buffer systems then in use.

Burdett, Cook and Guthrie [19] investigated the uptake of
two azo dyes on wool and nylon 6 fibres in the presence of
acetic acid and four buffer systems. They found that, as a
means to control dyeing, the measured pH levels alone
were no reliable indication of the ionic state of the dyebath.
The chemical character of the buffer system also has to be
considered because serious competitive interference may
occur in the dyeing process due to the presence of anionic
species, which can modify the substrate.

Engeler, Knobel and Stakelbeck [20] used Sandacid V (S)
as an organic acid donor for pH control at about 95°C, the
acid formed being 4-hydroxybutyric acid. Dawson and
Roberts [21] worked on pH control in the dyeing of wool,
nylon and acrylic fibres for carpets, and pointed out its
importance for level reproducible dyeings. They recom-
mend five different buffer systems for acid and 1:2 metal-
complex dyes. The essential point is to use enough of these
chemicals to obtain the buffering action required.

Hoffmann et al. [22] demonstrated how exhaust dyeing
methods can be optimised by using physical constants for
the acid dyes they studied (compatibility value), auxiliaries
and wool. The aim here was to ensure high final bath
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exhaustion, done primarily by controlling the pH, but also
by using a specific auxiliary.

Mosimann and Flensberg [23] have described the
Lanasol/Albegal LS {CGY) rapid dyeing process, pointing
out that pH adjustment calls for particular care. They pres-
ent a diagram with recommended pH levels for dyeing
untreated, chiorinated and Superwash-finished wool in
relation to the depth of colour aimed at. The pH is prefer-
ably adjusted with sodium acetate/acetic acid.

Annen, Carbonell and Engeler [24] describe pH control as
a second possible line of approach for optimising dyeing
with acid dyes. The critical pH rangs and the critical rate of
pH reduction for a dye recipe can be worked out with a
computer, e.g. that of a colour-measuring instrument. They
detail how a pH control unit can be used to advantage.

Dawson [25] reports pH measuring and control methods
for both laboratory and mill. He illustrates the effect and
relative importance of dyebath pH control, amongst other
things, with reference to three reactive dyes in terms of
uptake and fixation on wool. Where acid dyes on nylon are
concerned Dawson mentions automatic pH control sys-
tems such as specified in German P 2700153 (CGY, 1976),
or programmed metering of acid and alkali into the
dyebath, which contains a ‘universal buffer’ such as the
sodium pyrophosphate system. Both these control
methods are more dependable than acid donors such as
ammonium salts, lactones or esters.

pH-CONTROLLED DYEING SYSTEMS USING DISPENSING
AND pH-REGULATING EQUIPMENT

In BP 1458632 (1976) Carpets International Ltd, Kidder-
minster, UK, described for the first time how to regulate the
rate of uptake of reactive and acid dyes on wool and nylon
by continuously running in acid (acetic, formic, phosphoric
or citric) or alkali (e.9. ammonia) to control the pH after the
dyeing temperature in the bath has been reached. Fully
exhausted dyebaths can be reused after suitable correction
of the pH.

In Swiss patent 612562* (CGY, 1976) a system for
exhaust dyeing nylon fibres is outlined especially for wall-
to-wall carpets, by using caustic soda and sulphuric acid to
control the pH. Here again the exhausted baths can be
reused after suitable correction of the pH with caustic soda.

Weber [26] described the Telon ST (BAY) process for
nylon tufted carpets. The principle of this process is to start
dyeing at the boil, bath exhaustion being controlled by
using measuring and control equipment to adjust the pH.
Dilute acetic acid is injected into the winch beck suction
line.

Harker, Mediey and Webster[27] developed a centralised
monitoring station linked by pipes to the dyeing machines
being monitored. The dye-liquor flows to the central
measuring cell (combined electrode and temperature
compensator) via distributor valves, generating a signal
which is passed by a transmitter to the regulating unit.
Additional features are a digitai print-out and digital display
for the various functions. The chemicals required to correct
the pH are dispensed manually, i.e. using push-buttons, or
automatically by pre-setting the required amount.

THE DOSACID SYSTEM

Dosacid is the name of a pH control and dispensing unit
developed jointly by Ciba—Geigy Ltd and Polymetron AG,
Hombrechtikon, Switzerland. The Dosacid system [28-30]
is based on continuous measurement of dye-liquor pH via a
pH flow cell/measuring transducer mounted in the liquor
circuit. The control and dispensing unit operates electroni-
cally and ensures that the pH is automatically kept at a

*BP 1574841, 1574842
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pre-set ievel by running in measured amounts of dilute
sulphuric acid or caustic soda, e.g. via two piston diaph-
ragm pumps. In this way there is no need for environmen-
tally harmful buffer systems. If the liquor is repeatedly
reused following adjustment to the initial pH with caustic
soda, the use of suiphuric acid — in contrast to acetic acid
[26] - is extremely advantageous because no buffer zone is
built up in the pH region covered.

A major advantage of the Dosacid system lies in the
flexibility of the programmable pH profile. More than 50
Dosacid pH measuring and control units are operating suc-
cessfully in bulk working. The system is also used for nylon
fibres in forms other than carpets.

THE DOSACID SYSTEM IN WOOL DYEING

In the light of the extremely encouraging results obtained
with the Dosacid system in nylon dyeing, and of the com-
plex problems bound up with pH in the case of wool ~
outlined in the various publications mentioned — we
decided to carry out systematic studies on wool. Our aim
was to find out if it would be both feasible and advantage-
ous to use pH control by the Ciba—Geigy/Polymetron sys-
tem for woaol and blends containing wool. For that purpose
a unit and a recording instrument were coupled to a mod-
ern dyeing autoclave at a large firm in Switzerland.

The first step was to ascertain the actual status of the pH
profile from yarn dyeings with the aid of the recorder. Next,
all possible forms of goods (cheeses, muffs, hanks and tops
of untreated and Superwash-finished wool and blends of
wool with nylon and acrylic fibres) were dyed using the
Dosacid system. Almost all classes of dye suitable for wool
were used: acid, 1:2 metal-complex, reactive and chrome
dyes.

The acid and caustic soda can be dispensed in two ways:
first, into the pressure line between expansion tank and
dyeing autoclave with non-return valve (position A in Fig-
ure 3}; secondly, straight from the metering pumps or
magnetic valves via separate lines into the open expansion
tank {position B in Figure 3).
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Figure 3 — Schematic diagram illustrating measurement
and adjustment of pH on package-dyeing machine

The pH was adjusted with about 5% sulphuric acid or
caustic soda. When the machine was fully loaded (liquor
ratio 12:1) the goods could usually be dyed without the first
gradient (steepness of pH reduction to ‘median pH’, the
same in this case as the final pH), provided that the purmp
output was suitably adapted. For liquor ratios of about 25: 1
and higher a gradient of 0.3-0.7 (pH units/10 min) had to be
set to prevent pH fluctuations. If the initial pH was raised to
7.5 for Superwash-finished wool — which usually contains
acid residues from the finishing process — the control unit
generally had to be operated by hand. During the tempera-



ture rise phase the pH was found to drop slowly owing to
the release of acid. The control unit responded each time by
briefly dispensing caustic soda.

A batch of hanked yarn was acid chlorinated then, after
anti-chlor treatment and pH correction, dyed a pale colour
with acid dyes in the same bath. A batch of cheeses was
dyed with chrome dyes by the optimised method, but with
sulphuric instead of formic acid. Residual chromium
analysis gave the following results: total chromium 2 mg/|,
Cr*<0.1 mg/!. In addition, three batches of tops were dyed
with chrome dyes by the optimised method [23] {dyeing at
85°C, chroming at 92°C, pH 3.5) without changing the bath.
The pH was adjusted with sulphuric acid and caustic soda.
This method saves not only energy, but also substantial
amounts of water. Residual chromium analysis showed
increases from 1.8to 3.5 mg/l total chromium, and from 0.6
to 1.0 mg/I Cr*® from the first to the last batch. This increase
was only to be expected because the concentration of sul-
phate ions in the dyebath increased (the amount of residual
chromium increased in the bath because sulphate ions
reduce the uptake of chrome ions onto wool}. One batch,
dyed with the same recipe by the conventional methodg,
gave amounts of residual chromium that were more than
ten times higher.

Three batches of Superwash-finished tops were dyed the
same shade with reactive dyes. Since reproducible condi-
tions can be obtained with the pH control unit and prog-
ramming the dyeing cycle, it should be possibie to achieve
very good reproducibility of the dyeings — not only on tops
as previously mentioned, but also adequate for the highest
requirements. To confirm that this is in fact the case we
carried out the following experiment: three batches of
Superwash-finished hanks were dyed with the same dye
recipe (reactive dyes) to a pale brown. The difference in
final pH between batches was 0.1 pH unit. Colour and
levelness were so good that all three batches were knitted
into a single piece.

Despite all the worthwhile dyeing results, it has been
foundthat the pH control unit used so successfully in carpet
dyeing is not suitable for all-round use in wool dyeing.
Precise pH control is only feasible while the pH is being
lowered. Conversely the pH has sometimes to be manually
monitored and adjusted. The same applies at liquor ratios
of about 25:1 and higher. Generally speaking, the machine
has to be monitored because nowadays on modern dyeing
equipment forms of goods and loading levels change
rapidly

In the light of the experience gained with this unit, a new
pH measuring and control unit was developed jointly with
Polymetron AG and coupled to the dyeing autoclave
instead of the oid unit. Figures 4 and 5 show the control unit
for the Dosacid W system. It consists of a control and
instrument panel containing:

— Actual pH indicator

— Two-sided proportional+derivative (P+D) controller
with pulsed output to drive of two metering valves or
pumps directly; adjustable parameters: nominal pH

2-12, proportional range X,=0-100%, cycle times 7, and

7, 2-35 s, and the neutral zone 0-10%; pH/mV measur-

ing transducer, output signali 0—20 mA, connexion for

recorder
— Time-lag relay with a 0—6 h lag.

Close to the dyeing machine are:

— pH flow cell complete with measuring electrode, refer-
ence electrode and temperature compensator connected
to the control and instrument panei via a high-resistance
special measuring cable

— Two compact dispensing systems with polyethylene
tanks, hand stirrer and piston diaphragm pumps.

Figure 5 — General view of Dosacid W control and instru-
ment panel, control console, dyeing autoclave, pH flow cell,
transmitter and chemicals tank with piston diaphragm
pump

One version of this pH measuring and control unit is
currently being tested in another large mill on a 1000 kg
cheese-dyeing autoclave. The pH flow cell and the pH/mV
measuring transducer are connected to the autoclave, the
remaining pH control components are located in the dye-
house central control room, integrated in the dyeing
machine control system.

A pH measuring and control system, the LB 1817, based on
the Dosacid system has been deveioped by Becatron AG,
MUllheim, Switzerland. Here the pH is measured by a
transducer screwed into the line between cooler and
expansion tank. The GLI differential electrode consists of a
measuring electrode and a standard cell, with true pH sens-
ing which replaces the reference electrode of conventional
systems. The cell in turn is made up of a second pH-
sensitive electrode surrounded by a pH 7 buffer solution
separated from the measuring medium by a chamber with
two membranes (electrolyte bridge). The temperature is
automatically compensated by means of a built-in high-
precision thermistor. The pH transducer, whose critical
parts are hermetically sealed, has been designed for temp-
eratures up to 95°C and pressures up to 6 bar. The measur-
ing and control system is of modular construction based on
standard plug-in modules. It has an external nominal value
input facility, and can therefore be integrated into an exist-
ing system or the Becatron 180 dyeing machine control
system*. The complete Becatron assembly is connected to
a dyeing autoclave of about 350 kg capacity in a medium-
sized dyeing mill in Switzertand.

Many dyeings have been produced on different types
and qgualities of material, all with the pH conditions control-
led by means of this new unit. A few representative batches
with their respective time/temperature/pH conditions have
been singled out to demonstrate the results obtained. The
pH profile of many of these batches was also plotted using a
W4+W 312 recorder.

*Anew version ofthe LB 181 is fitted with a second proportional +integral + <
derivative (P+1+D) controller for the time/temperature conditions in the
dyeing vessel.
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Figure 6 - Time/temperature/pH diagram for dyeing a third
batch of tops in the same dyebath with 7:2 metal-complex
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Figure 7 — Time/temperature/pH diagram for cheeses of
Superwash-finished wool dyed with reactive dyes
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Figure 8 — Time/temperature/pH diagram for cheeses;
chlorinating and dyeing performed in the same bath, using
acid dyes
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Figure 9 — Time/temperature/pH diagram, for muffs dyed
with 1:2 metai-complex dyes
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Figure 10— Time/temperature/pH diagram for hanks dyed
with chrome dyes
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EXAMPLES
Figures 6 to 11 illustrate the versatility and flexibility of the
Dosacid W system.

In all batches the bath contained the usual products (wet-
ting, de-aerating, levelling, mothproofing agents, etc.). All
acids, acid donors, buffers and alkalis (soda ash, ammonia)
were replaced by about 10% sulphuric acid and caustic
soda.

ADVANTAGES OF THE DOSACID W SYSTEM

Dependability of Results

The pH setting ensures a constant nominal pH throughout
dyeing, irrespective of whether the goods contain alkali
residues from scouring if unfinished, or acid residues if a
non-felting finish has been given.

The pH profile can be reproduced with high precision
when a particular batch or colour is repeated. If the final
level of bath exhaustion should be inadvertently too low
because the pH selected was too high, the pH can be low-
ered at the dyeing temperature using sulphuric acid to give
maximum exhaustion of the liquor by suitably adjusting
the slope of the controller characteristics, whichissetby X .
This expedient, tao, has been successfully tested with dif-
ferent classes of dye. If a batch has to be shaded with a dye
from a different class and at a pH higher than that of the
final dyebath, the required pH can safely be set and the bath
will then be controiled at that level. A case in point is when
chrome dyes are being applied (final pH 3.56-3.8}.

In all dyeing and finishing processes the pH is invariably
adjusted with dilute sulphuric acid and caustic soda. No
buffer is built up, and the exhausted dyebath can hence be
reused. In contrast to organic acids and acid donors, these
chemicals, which are readily obtainable, do not contami-
nate the environment when discharged into receiving
water. They are also inexpensive. Controlled dyeing with
sulphuric acid and caustic soda has proved the best techni-
que for dyeing from standing baths. Uniike other chemicals
used for the same purpose, sulphuric acid and caustic soda
cover all pH ranges necessary for dyeing wool and its

TABLE 2

Cost Comparison of Conventional and Dosacid Processes

blends with synthetic-polymer fibres. Dye uptake on wool
with a non-felting finish can be optimised by reducing the
bath pH at a controlled rate with the temperature rising (as
shown in Figure 11) or held constant (as shown in Figure 7).

Control of pH conditions can be integrated into the dye-
ing machine control system by using a controller with nom-
inal and actual values superimposed (e.g.aP+DorP+I+D
controller). Existing centrally located control systems such
as are aiready instalied in various mills can be extended to
incorporate the pH controller sa that all nominal pH condi-
tions can be included in the dyeing program. This makes it
possible to set and control the pH, the time/temperature
curve, and all machine functions with the same dyeing
program.

A pH control and dispensing unit can only function reli-
ably provided it is properly maintained, and provided the
probe is regularly checked and calibrated.

Cost Advantages of the Dosacid Process

Only dilute sulphuric acid and caustic soda are used for all
pH adjustments in pH-controlled dyeing using the Dosacid
W system. Sulphuric acid replaces the acids hitherto used
in wool dyeing such as acetic and formic acids, plus acid
donors or buffer systems such as ammonium salts, sodium
acetate/acetic acid, organic acid sources, alone or in com-
bination with ammonium sulphate. Similarly, caustic soda
replaces all other alkalis such as soda ash, sodium bicarbo-
nate and ammonia. And it is no secret that sulphuric acid
and caustic soda are by far the cheapest chemicals for pH
adjustment.

Costings vary slightty between mills and from country to
country. It is a fact, however, that worthwhile savings in
chemicals in particular, but often also in dyeing auxiliaries,
can be achieved with the Dosacid W system.

The cost advantages of the Dosacid process over the
conventional method can be seen in Table 2 for a few
batches. The figures are all based on 100 kg lots, although
different batch sizes and forms of goods were dyed. Only
the cost of chemicals for pH adjustment has been consi-
dered.

Savings in SFr

Goods LR Dyes Conventional Dosacid per 100 kg batch
Slubbing 11:1 Reactive 1.55 0.60 0.95
{Superwash)

Yarn 30:1 1:2 metal-complex 9.10 0.30 8.80
(muffs)

Hanks

{one-bath chiorination 48:1 1:2 metal-compiex 7.25 3.55 3.70
and dyeing)

Hanks 26:1 Chrome 4.90 0.50 4.40
Hanks 50:1 Reactive 15.20 0.50 14.70
Cheeses 12:1 Reactive 2.65 0.15 2.50
{Superwash)

Hanks 60:1 Reactive 19.45 0.95 18.50
{50750 wool/acrylic) cationic

Hanks 25:1 1:2 metal-complex 5.50 0.30 5.20
{Superwash)

Cheeses 13:1 Acid 2.05 1.58 0.47
{one-bath chlorination

and dyeing)

Cheeses 10:1 Acid+ 0.85 0.15 0.70
{50/50 wool/acrylic) 1:2 metal-complex, cationic

Cheeses 12:1 Reactive 3.85 0.156 3.70
{Superwash)
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CONCLUSIONS

Bulk-working experience to date has shown that all cus-
tomary wool dyeing procedures, including one-bath
chlorination and dyeing using Basolan DC (BASF) or Fi-
Chlor Clearon {Chlor-Chem Ltd) can safely be carried out
using the Dosacid W system. This also applied to dyeing
blends of wool with nylon or acrylic fibres.

Fluctuations in the quality of the process water and
residues of alkali or acid on the fibre will often cause pH
variations, and unless these are corrected in time the dye-
ing itself can be jeopardised. The pH control and dispensing
system described stabilises the pH at the nominal setting
throughout the entire dyeing operation. Only dilute sul-
phuric acid and caustic soda are used for all pH adjust-
ments. pH-controlled dyeing with these chemicals has
proved the best method of dyeing from standing baths.

Although the Dosacid W system does not solve all prob-
lems in wool dyeing it does allow new targets to be set as
regards dependability in application. It enables the dyer to
achieve excellent dependability of results, reproducibility
and economy without harm to the environment.
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