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Fretreatments of wool with strong solutions of amines and
ammonia have been reported to increase dye adsorption
rates in many cases. The effect has been ascribed to the
formation of -amincalanine residues in the wool with a
resultant increase in its electrical potential. The effect of
more dilute solutions of ammonia and dimethylamine is
reported here. The possibility that the amines act simply
as alkaline hydrolysis promoters has been examined by
taking into account internal pH effects. The addition of
salt to the amine treatment solution has been shown to
be very advantageous so that ‘low-temperature-dyeing’
wool may be readily prepared by a simple ammonia—salt
pretreatment,

Introduction

The reactions occurring under mildly alkaline conditions
between wool and various aliphatic amines or ammonia have
been discussed extensively by Asquith and by Garcia-
Dominguez in several papers [1—6]. The possibilities are
shown in the scheme below:

Hydrolysis of the disulphide cross-links in wool leads to
cysteine (I) which may in turn be converted to a dehydro-
alanine residue (II). This B-amino acrylic acid residue is
available for a variety of reactions. By reaction with I
lanthionine is formed to give alkali-stable cross-links and a
characteristic yellow colour. Another source of stable cross-
links is reaction with the Z-amino group of lysine residues [7]
to form a lysinoalanine residue (V). Related reactions which
have not been shown are those with the y-amino group of
orpithine and (at high pH values) the g-hydroxyl groups of
serine residues. Hydrolysis in the presence of ammonia has
been shown to yield S-aminoalanine [2] residues. The latter
may be involved in further reaction with I to give S-amino-

alaninoalanine [1]. Primary and secondary amines present will
react in a manner similar to that of ammonia [3] and it has
been suggested that a tertiary amine can also react through the
formation of a quaternary ammonium compound [5]. The
different studies have revealed differences in both the
behaviour and the effect of the different amines which can
result in different end situations resulting from the competing
reactions. In the presence of ammonia the formation of
B-aminoalanine was more favoured than the formation of
lysinoalanine, but less favoured than the formation of
lanthionine [4]. On the other hand, the addition of dimethyl-
amine to I was more favoured than both the reaction forming
lanthionine and that leading to the formation of lysinoalanine
residues.

Asquith and co-workers have paid particular attention to
the way in which pretreatments of wool with alkaline amine
solutions modify the dyeing properties of wool. In all cases
amine treatments led to an increase in the rates of dye uptake
at temperatures below the boil. The amines differed in their
effects in this regard. Dimethylamine was found by Asquith
and Skinner [3] to be more effective than monomethylamine
or ammonia. With low-molecular-weight amines the effective-
ness of the treatment on the dyeing rate was found to increase
as the amines became more basic and this led to the hypothesis
that the increased rate of dyeing with acid dyes resulted from
an increase in the number of positive charge centres in the
fibre. Asquith, Hanna and Otterburn [6] examined the effect
of using a series of aliphatic amines (Cl~C6) in the
pretreatments and found that as the length of the aliphatic
residue increased the effect on the rate of dyeing became less,
i.e. monomethylamine was the most effective agent examined.
This result was surprising in view of the theory that the
increased concentration of positive charge centres was
responsible for the increased rate of dyeing since in terms of
the formation of alkylaminoalanine residues, monomethyl-
amine gave a lower vield than the €2 -»C6 amines. It was
suggested that when longer aliphatic chains were present the
alkylaminoalanine residues presented a hydrophobic surface,
although the substitution can only take place at relatively
widely separated cystine residues and hydrophobic inter-
actions were more likely to increase dye uptake than reduce it

[8].
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The suggestion that the observed increase in the rate of
dye uptake, following amine pretreatment, is due to an
increase in the concentration of positive charge centres
requires careful consideration. There is no doubt that a
significant increase in alkylaminoalanine residues occurs [6]
and that this must have been achieved competitively with the
formation of lysinoalanine (which would reduce the positive
charge centres). However, no surface potential or isoelectric
point determinations of the type reported by Landwehr and
Stigter [9] have appeared to support the hypothesis. In order
to bring about a large increase in the concentration of positive
charges, extensive hydralysis of the disulphide bond wouild be
required, e.g. for a 20% increase in fixed positive charges about
30% of the cystine residues would have to be hydrolysed. The
figure quoted by Asquith, Hanna and Otterburn [6] for the
alkylaminoalanine production of a treatment in molar mono-
methylamine represents an increase of only about 14% in the
basic charge centres in the wool. The effect on the rate of
dyeing is nevertheless very dramatic.

One important factor which needs to be remembered while
considering the potentially useful effects described in the
earlier reports is the possibility that they could arise simply
from alkaline damage to the wool surface. It is well known

150 JSDC Aprit 1978

that alkaline hydrolysis of disulphide bonds causes an increase
in the rate of dye uptake. The degree of reaction with amines
also depends upon the extent of such hydrolysis as well ason
the subsequent formation of dehydroalanine. Consequently
any observation that reaction with amines is directly
associated with increased dyeing rates may be based on
coincidence.

The hydrolysis of disulphide bonds, in accordance with the
reaction scheme above, is catalysed by alkali and consequently
increases in rate with pH. However, at the early stages of the
reaction when the fibre is only slightly damaged, the pH of the
treatment solution is of less importance than the pH inside the
fibre where the relevant reactions occur. The difference
between the internal and external pH values will depend upon
the ions present and their affinity for the fibre. In comparing
different amines it is consequently necessary to consider their
effectiveness as alkalis and also their contribution to the
distribution of hydrogen ions in the system quite apart from
their reactivity toward dehydroalanine residues if this is to be
regarded as important. Indeed it is possible to decide on the
relevance of the possible amine reaction with the fibre only
when internal pH values are taken into account.

Under alkaline conditions wool fibres bear a negative



charge due to the ionization of carboxyl groups and the partial
deprotonation of ammonjum and other basic groups. Thus
there is a general electrostatic interaction which leads to the
preferential uptake of hydrogen ions by the fibre and
consequently an internal pH (pH;) which is significantly lower
than the external pH (pH,). This leads to a lower rate of
disulphide bond hydrolysis than might have been expected. In
the presence of a significant concentration of alternative
cations, the charge imbalance effect can be largely satisfied
without producing a large difference between the two pH
values. Thus the addition of salt will increase the internal pH.
Crowther [10] has demonstrated how such additions increase
the rate of lanthionine formation in the alkaline treatment of
wool. Protonated amines also will possess this property so that
both their basic character and their substantivity will be
expected to be important in relation to hydrolysis of
disulphide bonds in their presence.

The internal pH of water-swollen wool fibres may be
calculated to a reasonable degree of accuracy by solving the
appropriate  Donnan membrane equations. Although this
approach may give absolute values that are open to question, it
is of great value used comparatively for the establishment of
trends. It is an approach which has proved its worth in relation
to cellulosic fibre reactions [15,16] and may be reasonably
applied to reactions in wool fibres.

Wool may be treated as an amphoteric ion-exchange
system in which the primary source of positive charges is the
presence of arginine and lysine residues, while negative charges
arise from the presence of aspartic acid. All charge centres,
whether due to mobile dissolved ions or fixed ionic groups,
may be treated as if they are dissolved in the imbibed agqueous
solvent. In the system under discussion, i.e. alkaline amine
treatment, all the carboxyl groups will be ionized and the pK,
value ascribed to them is immaterial. However, the position
can be affected by the properties ascribed to the basic charge
centres. Wool behaves as if it contained two kinds of amine
group — one relatively weakly basic with a pK, value of about
8.9 deriving from lysine residues and the other present in
larger amount with a higher pK, value. Also present will be
hydroxonium, hydroxide, alkali metal, ammonium and
chloride ions. The amine present may also possess affinity for
the fibre and this can be described by an appropriate
distribution coefficient. In addition, dye may be adsorbed onto
the wool. The ionic balance situation is:

[H] + [Najl + [A]] + [AF] + [Amf], + [Amy], =

|4 V V
[ci] + [COO‘E] + {OH;] + _[(_)‘L] + ’__ggf_}
V vV V

in which the suffix / denotes a concentration in gram
equivalents per litre of internal solution; the suffix f denotes a
concentration in gram equivalents per kilogram of fibre; V is
the volume of internal solution in litres per kilogram; A" is the
concentration of protonated amine ions; [Amy); and [Am}] 2
are the concentrations of fixed basic groups; [Of] is the
concentration of fixed ionized hydroxyl groups. All other
terms are self explanatory.

The following Donnan distribution equations also apply,

[Naj] = [Hi] [Nag]/[H;] (2)

[Cil = [Hs] [CLI/[H;] (3)
[A7] = [H;] [A3]/[H]] @
[OH;] = K./[H;] (5)

Given that the total concentration of the weaker and more
strongly basic groups is [Af], and [Af],, with dissociation
constants K, and K, respectively, and that the concentra-
tion of carboxyl groups in the fibre is {C;] with a dissociation
constant K, then

[Amg], = [Af], [H1/Ks, + (H] (6)
[Amf], = (Al [H{]1/Kq, + [Hi] (D
[COOf = Ko [Crl/Ko + [H] (8)

The distribution of amine in the system will be determined
by a combination of the Donnan distribution effect relating to
the ionized amine and the operation of various other binding
forces leading to the adsorption of both protonated and
unprotonated amine. If the experimentally determined distri-
bution of the amine between the fibre and external solution
phases under any particular conditions is described by

[A)/[As] = K ()

then if L is the liquor to fibre ratio, the amine dissociation
constant is K,,, and the initial amine concentration is [A],
then

[Af] = KL[A] [H{1/(K +L) (Kgm* [H]) (10)

Provided that high pH values are avoided, i.e. values >
13.5, the ionization of the hydrexyl groups in wool may be
neglected. The equations can be used with equal facility tor
cotton or other fibres in which case such ionization may be
important,

Simultaneous solution of Eqn 1 to 10 produces a
polynomial in [H;] which is readily solved by iteration
procedures on a small computer.

Figures 1 to 3 show the relationship between the internal
and external pH values (pH; and pHg, respectively) for a
number of different circumstances calculated in accordance
with the above procedure. For the purposes of the computa-
tion the value of the fibre constants were set as shown in Table
1.

The use of these values gives a titration curve which
corresponds reasonably well with experimental values. Figure
1 shows the relationship between pH; and pH; with a varying
salt concentration and no dye or amine present. The effect of
salt addition can be seen to be very dramatic.

Figure 2 shows the marked differences produced by
varying the characteristics of the amine when one is present.
Here the salt concentration is constant and low (0.01 M) and
the amine concentration is constant (0.25 M) in terms of the
starting concentration. By using an amine with a high pK,
value and affinity, the internal pH can be raised to a level
higher than that externally, whereas a weaker base with no
substantivity produces the opposite effect and indeed has very
little effect as compared with its absence. At an external pH of
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TABLE 1

Fibre Constant Terms used for the Computation of Internal
pH Values

Fibre Ascribed
constant value

\" 0.3

L 20
(4] 0.22
[Af}2 0.66
(Gl 090
pK, . 8.9
pKs, 10.0
pK, 40

15 |- -

10

pH;

100

" 1 I
e} ns 2.0

pH

Figure 1 — pH;/pH, relationships: the effect of salt concentra-
tion

11.5 the difference in pH; spans over 1.5 pH units in this
example, sufficient to give very different hydrolysis rates in
the fibre.

The importance of the properties of the added amine in
determining the internal pH is emphasized alsc by Figure 3,
which shows the variations in pH; produced with different
partition coefficients at a fixed external pH and amine
concentration.

It can be seen that the relative effects depend upon the
basic strength of the amine. With a high affinity (K > 10)
amine of high basic strength the effect of adding salt is small.
On the other hand, with all low-affinity amines, particularly
when the basic strength is low, the electrolyte concentration
can be seen to be very important. To put the terms high and
low affinity into perspective a value of K =10 under the
conditions assumed means an exhaustion of 33%. Of course
the value of K would itself vary with electrolyte concentration
thus enhancing the electrostatic factors.
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Figure 2 — pHypH, relationships: the effect of the basic
strength of the added amine (salt concentration (.01 M; amine
concentration 0.25 M)
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Figure 3 — pHi/pH relationships: the effect of amine
substantivity (pH,= 11.6; amine concentration 0.25M)

Figures | —3 demonstrate that in any consideration of the
effect of amine pretreatments on the dyeing rates of acid dyes
on wool, the partition of the amine and internal pH factor are
important features to be considered. Further, it would be
expected that the addition of salt to the amine pretreatment



solution would enhance the effect owing to either facilitating
fission of the disulphide bond as a consequence of raising the
internal pH or increasing the rate of formation of alkylamino
alanine as a consequence of increasing the quantity of amine
adsorbed. The present work has been concerned with testing
this prediction and attempting to distinguish between the
factors operating in the system. Since compounds such as
methylamine or dimethylamine, while undoubtedly effective
as pretreatment agents, are very unpleasant in use, extra
emphasis has been placed on the possibility of increasing the
effectiveness of ammonia as an agent.

Experimental

All experiments were carried out on 2 ¥ 28’s machine-knitting
wool yarn, solvent-extracted, washed in deionized water and
conditioned at 60°RH, 20°C. All chemicals used were of
AnalaR quality except for a commercial sample of Azo
Rhodine 2G (S) (C.1. Acid Red 1) which was used in all the
dyeing experiments. The amine pretreatments were carried out
as described.

AMINE PRETREATMENTS

All amine pretreatments were carried out at 50°C by taking 1
g of dry conditioned wool and immersing it in 50 mli of an
aqueous solution of amine, salt, etc., in a Rotadyer tube. The
tube was sealed and rotated in a thermostatted waterbath for
the required period. The wool was then removed, washed well
in deionized water to remove unfixed amine and equilibrated
at 25°C with pH 2 hydrochloric acid by repeated immersion in
fresh solutions over four intervals of one hour. It was then left
to stand overnight at room temperature in acid solution (pH

2).

MEASUREMENT OF AMINE PARTITION COEFFICIENTS
Amine treatments were carried out as described, with a 30-min
treatment time. Samples of the treating liquors were taken on
completion of the treatment. The amine content was deter-
mined using the colour reaction with nickel chloride. It has
been shown that nickel sulphate gives a characteristic coloured
complex with ammonia and with alkylamines [11]. The
coloured complexes possess characteristic absorption maxima
and can be used for quantitative analysis. It was found in the
present work that nickel chloride gave higher intensity
absorption and this was used instead of the nickel salt
described in the literature. Representing the complexes as Ni
[(A), (H,0),]**Cl, where A was dimethylamine, A,y was
630 nm and where A was ammonia, A,,, was 620 nm.
Calibration curves were prepared by spectrophotometric
measurement of solutions in which 20 ml of'a 2 X 10 molar
solution of nickel chloride has been added to 50 ml of amine
solutions of known concentration. 50-ml samples of
‘exhausted’ pretreatment liquors were also mixed with 20 ml
of 2x 1072 molar nickel chloride and, after filtration to
remove insoluble impurities, the absorbances were measured at
the appropriate wavelength. The concentration of amine in
each solution was then calculated from the calibration curve.
By comparison with the original solution, the fractional
exhaustion, and hence K, were readily calculated,

MEASUREMENTS OF DYEING RATES:
All determinations of dyeing rate were carried out at 25°C.
The acid solution containing the treated wool samples was

adjusted to 25°C and held at that temperature for 30 minutes.
80 ml of the solution was withdrawn and placed in the
reaction vessel of a dyebath sampling unit [12] together with
1 ml of a 3% solution of Azo Rhodine 2G. The dyebath was
then sampled (1 ml). The wool was removed from the residue
of the acid solution, hydroextracted to 100% wet pick-up and
entered into the reaction vessel. The dyebath was stirred at a
fixed rate with a reciprocating stirrer and 0.1-ml samples were
withdrawn in accordance with a preset timing programme. By
spectrophotometric analysis of the dye solutions, the dyebath
exhaustion was readily determined as a function of time.

Dyeing-rate experiments were carried out on all pretreated
samples and also on samples which had been immersed in
distilled water at 50°C for 30 minutes (‘blank’ pretreated
samples).

Rates of dyeing were expressed in terms of a rate of dyeing
constant, k, calculated from the equation [13],

kt = —Fo [In (1-E4/EL)] (11)

in which ¢ is the time in minutes, Eg and £, are fractional
dyebath exhaustion values at time ¢ and ¢ = oo, respectively. In
every case fi. was found to be > 0.99 so that the simpler
equation

k= ~In(1-E,)/r (12)
could be used.

Owing to what were thought to be factors arising from initial
mixing problems, it was found that X values obtained for small
values of £ were unreliable. In practice k values were calculated
by averaging over alt values of ¢ after the system had settled
down. Thus each value of k£ was an average value of seven or
eight experimental points and the values of & used were the
further average of three experiments. As the dyeing rates
increased the accuracy of the values of & decreased. Where k& <
0.04 min™, reproducibility to within 2% was obtained. Where
0.04 min™® >k< 0.09 min !, the reproducibility fell to £5%.
The values obtained for higher dyeing rates could be taken
only as indicative of trends.

DYEING EVALUATION PROCEDURES

The potential value of ammonia pretreatments was evaluated
in relation to useful dyeing processes below the boil. The
criterion of a satisfactory dyeing was equivalence to a normal
dyeing carried out using Azo Rhodine 2G at the boil in the
normal way. Assessment was based on depth of dyeing and
hue.

Wool was pretreated for 30 minutes at 50°C in 20 mi/1 of
0.880 ammonia, (ca 0.3 M) containing 5 g/l sodium chloride.
The wool was rinsed in water, neutralized in dilute formic acid
and then dyed for one hour at pH 2 in dyebaths at 50°C,
60°C, 75°C and 90°C containing 1.5% Azo Rhodine 2G
(ow.f.). A number of variations on this procedure were
evaluated.

Level-dyeing properties with the pretreated wool were
evaluated by a ‘dip test’. 1 g hanks of wool yarn were
pretreated at 50°C for 30 minutes in a solution containing 20
ml/l 0.880 ammonia and 5 gfl common salt using a liquor to
wool ratio of 50:1. The hanks were removed, washed-off in
cold water and neutralized in dilute formic acid.
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A series of dyebaths were prepared, each set to pH 3 with
formic acid and containing 5 g/ sodium chloride with 0.5 g/l
(1.5% o.w .f. to be dyed) of Azo Rhodine 2G and made up to
60 ml. A l.g pretreated hank was entered into each dyebath
and dyeing commenced using a ‘Rotadyer’. After 0, 2, 4, 8 and
16 minutes a second hank was entered. In each case dyeing
was continued for 1 hour after addition of the second hank.
The level-dyeing behaviour was assessed by a comparison of
the depth of dyeing of the two hanks from each dyebath.

Package dyeings were carried out using a Longclose Pilot
Plant package-dyeing machine (12 1 capacity) using in each
case a 500-g package of wool knitting yarn (2 x 28’s) dyed to
a 1.5% (o.w.f.) with Azo Rhodine 2G in a 30:1 liquor:goods
ratio. For reference purposes a package was dyed at 100°C for
60 minutes in a dyebath set at pH 3 with formic acid (90%)
and 20% (o.w.f.) of sodium sulphate crystals. The dyeing was
raised to the boil over 30 minutes. On completion the dyeing
was washed-off, the package hydroextracted and dried. In a
second experiment a package was pretreated and dyed as
follows.

FPretrearment

A solution of 200 ml of 0.880 ammonia in 12 1 of water (pH
11.45) was made up in the expansion tank of the machine and
pumped through the dry wool package. Rapid wetting
occurred. The temperature was raised to 50°C and four 15-g
lots of sodium chloride added at 1 minute intervals. The pH
value of the liquor dropped to 10.90 and treatment was
continued at 50°C for 30 minutes in all. The pH was adjusted
to 3.0 by addition of formic acid (90%) the temperature being
maintained at 50°C.

Dyeing

Predissolved dye was added to the bath in four equal portions
at intervals of 1 minute. Dyeing was continued for 10 minutes
at 50°C and the temperature raised to 70°C for a further 30
minutes. The package was then rinsed, hydroextracted and
dried. Samples of the dyebath were taken after 10, 20, 40 and
70 minutes in order to determine the exhaustion. Samples of
the varn and also that from the conventional dyeing were
conditioned and tested for breaking load and breaking
extension using an Uster Automatic Yarn Strength Tester.

Results and Discussion

Table 2 gives results which draw together data showing the
effect that salt additions have on the partition coefficient and
dyeing rate after a dimethylamine and an ammonia pretreat-
ment, each at a single concentration. Also given are the
calculated internal pH values. These have been produced using
pK, values of 8.54 and 10.73 for ammonia and dimethyl-
amine, respectively. The ammonia value relates to a tempera-
ture of 50°C, but the value for dimethylamine is for
measurements at 25°C. However, any error involved is likely
to be small and, in view of the necessary quantitative
assumptions already involved in the calculation, cannot be
quantified. The source of the pK, values was the ‘Handbook of
Chemistry and Physics’, 53rd edition.

From dyeing experiments using ‘blank’ pretreatments, a
dyeing rate constant of 0.014 min' was obtained. Using this
value and the data of Table 2 two characteristic parameters
may be calculated. Firsily the relative dyeing rate (kpee-
treated/Kblank) O krep may be obtained. Secondly, using the
partition coefficient values and the initial amine concentration
values, the value of adsorbed amine on the fibre can be
obtained (Ay — mol/kg). The ratio Kio1/Ar represents the
effectiveness of the adsorbed amine in producing acceleration
of the dyeing rate. The values are given in Table 3.

TABLE 3

Effectiveness Data for Dimethylamine and Ammonia Pretreat-
ments

Amine Salt concentration A KietlAs
(molar) (mol/kg) '

0 0.079 174
Dimethylamine 0.025 0.118% 20,0
(0.011 m.) 0.050 0.123 25.0
0.100 0.126 34.6
0 0.119* 13.2
0.05 0.795 3.8
Ammonia 0.10 1.034 3.6
(0.30 m.) 0.20 1314 3.8
0.50 2179 2.6
1.00 2.437 24

Calculated k

TABLE 2
The Effect of Varying Salt Concentration in Amine Pretreatments (50°C; 30 minutes
treatment)
Amine Salt concentration Initial Final  Partition
(molar) pH pH  Coefficient
0 11.20 11.10 8.3
0.025 11.20 10.70 13.6
Dimethylamine 0.050 1120 10.68 144
(0.011 mol) 0.100 11.20 10.65 14.8
0.200 11.20 10.65 14.8
0 11.50 11.49 04
0.05 11.50 11.22 2.8
Ammonia 0.10 1149 11.17 3.7
(0.30 mol) 0.20 1149 11.15 4.8
0.50 1148 11.08 8.5
1.00 11.48 11.08 9.7
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pHvalue (min™)

9.76 0.019
9.79 0.033
9.82 0.043
9.86 0.052
9.94 0.061
9.39 0.022
9.74 0.042
9.89 0.52

10.09 0.070

10.36 0.079

10.60 0.083



It can be seen that dimethylamine is a more effective
pretreating agent than ammonia. This point is emphasized by
taking the point of equivalent pH; for the two amines — using
the data of Table 2 that at pH; = 9.86, k., for the two amines
is 3.57. At this point the dimethylamine concentration o the
fibre is approximately one eighth of the corresponding bound
ammonia value. Another point of correspondence is provided
by the starred values in Table 3. The full data for these points
are as follows:

Af PH Krei Krel/Af
Dimethylamine 0.118 9.79 236 200
Ammonia 0.119 9.74 1.57 13.2

The effectiveness of dimethylamine is again emphasized.
At the same time the data (Table 2) for ammonia show that
despite the much higher pH; values produced during the amine
pretreatments described, ammonia is always less effective in
comparison. This tends to support the view that it is the
reactivity of the amine rather than its alkalinity which is
important, and that the value of salt additions is to increase
the concentration of bound amine (and hence reaction) rather
than increasing the pH;. By virtue of a greater reactivity
towards dehydroalanine residues, dimethylamine could also
promote indirect hydrolysis of disulphide bonds by blocking
reverse reactions.

It does not seem probable that the hypothesis that the
action of the amine in producing new amino side chains in the
protein and hence new positive charges is the cause of higher
dyeing rates applies to the circumstances studied here. If ali
the dimethylamine adsorbed reacted to the extent of 25% the
net increase in positive charge centres would be little more
than 3%. Such fixation efficiency is unlikely and such a small
increase in charge centres would not produce much change in
dyeing rates,

There are other indications that the second mechanism
leads to the fission of cross-links in the presence of the amines.
In Table 4 data are given which demonstate the effect of
increasing the concentrations of dimethylamine and ammonia
in pretreatments in the absence and presence of added salt.

It can be seen that even if the ammonia concentration is
increased to quite high levels the effect on the rate of dyeing,
while significant, is not marked. On the other hand, dimethyl-
amine (reatments at high concentrations lead to very rapid
rates of dyeing. During treatments of wool with high concen-
trations of dimethylamine extensive wool damage occurs; this
is evidenced by the significant amount of gelatinous extract
present in the treatment liquor. It is suggested that the role of
dimethylamine in high concentration is to promote fission of
disulphide bonds by preventing the reformation of cross-links
through the amination reaction. Consequently ammonia,
which reacts with the wool much less readily, shows little
benefit from the use of higher concentrations. The fact that
ammonia is relatively ineffective as a simple promoter of
alkaline degradation is shown by the data given in Table 5
which compares ammonia with sodium carbonate under the
same conditions.

No reaction other than hydrolysis and cross-linking reac-
tions is possible with sodium carbonate which can act only as
an alkali. Its effect is seen to be very considerably greater than
that of ammonia even though the latter was used under higher
conditions of jonic strength. The implication is that ammonia

TABLE 4

The Effect of Varying Amine Concentration in The Presence
and Absence of Added Sodium Chloride (50°C; 30 minutes
treatment)

Salt Amine Amine Initial Final &
concen- concentration pH pH (min™)
tration (molar)

(molar) 0.011 11.20 11.10 0.19
0.022 11.40 11.30 0.022
Dimethylamine  0.055 11.60 11.50 0.061
0 0.110 11.70 11.60 0.112
0 0.014
0.15 11.30 11.29 0.018
Ammonia 0.30 11.50 1149 0.022
0.60 11.70 11.69 0.033
1.20 11.85 11.84 0.048
0.011 11.20 10.65 0.052
Dimethylamine 0.017 11,30 10.79 0.072
0.022 11.40 11.00 0.100
0 0.014
0.10 0.150 11.30 10.95 0.035
0.225 11.43 11.09 0.046
Ammonia 0.300 11.49 11.17 0.052
0.450 11.58 11,31 0.063
0.600 11.70 11.40 0.073
0.750 11.74 11.45 0.078
0.900 11.78 11.51 0.085

TABLE 5

A Comparison Between Ammonia and Sodium Carbonate
Pretreatments (50°C; 30 minutes treatment)

Alkaline pretreatments Initial Final k

pH pH (min™)
0.1 mol sodium carbonate 11.50 11.10 0.128
0.3 mol ammonia
0.1 mol sodium chloride 1149 11.17 0.052

does not lead to disulphide bond hydrolysis as does sodium
carbonate and because of its inefficiency in the amination
reaction does not promote such hydrolysis by other means.

Despite its lesser effectiveness than dimethylamine and
other alkylamines in promoting the dyeing rates of treated
wools, ammonia is clearly capable of producing an effect
which is technically useful and, since it does not have the
unpleasant odour of the alkylamines, it is much more likely to
provide a basis for a technical pretreatment process. Accord-
ingly the investigation into the technical possibilities of amine
pretreatments was confined to the use of ammonia

Table 6 gives kinetic data for the effect of pretreatment
time on the observed dyeing rate. All experiments were carried
out at 50°C with 0.3 mol ammonia.

The technical significance of the wvalue of % is that
k= 0060 corresponds to a dyeing time to completion (in a
practical sense) of 60—75 minutes. Using this as indicative of
the severity of the treatments required as a basis for a useful
process, the data of Table 6 indicate that a time of 30 minutes
is required in the presence of salt using a temperature of 50°C
and 0.3 mol ammonia (20 ml/l of 0.880 ammonia).
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TABLE 6

The Effect of Pretreatment Time on the Dyeing Rate (50°C;
0.3 mol ammonia)

Salt Initial Final Time k
concentration pH  pH (min) (min™)
(molar)
1149 15 0.018
0 11.50 1149 30 0.021
11.49 60 0.029
1149 120 0.040
11.20 15 0.032
0.10 11.50 11.17 30 0.052
11.17 60 0.079
11.15 120 0.115
11.15 15 0.048
11,15 30 0.070
0.20 11.530 11.13 60 0.107
11.13 120 0.131

Using the evaluation procedures already described it was
found that, although rapid uptake of dye could be obtained at
25°C a final dyeing temperature of 75°C was necessary to
produce the colour and fastness equivalent to that obtained by
the conventional dyeing procedure. The dip test experiment
showed that using a 30-min pretreatment in 20 ml/l of 0.880
ammonia containing 5 g/l sodium chloride at 50°C up to 8
minutes delay could be allowed without producing any
unevenness. Accordingly, dyeings were carried out at different
pH values at 50°C and it was found that the use of a dyebath
set to pH 3 with formic acid gave satisfactory results on the
pretreated yarn. These selected conditions adapted to package-
dyeing conditions were found to give a level dyeing of good
quality and colour. The dyeing was free from skitteriness and
strength test data showed the yarn to be somewhat stronger
and slightly more extensible than when wool is coloured by
a conventional dyeing.

Conclusions

The results confirm earlier observations [3,6] of the increased
dyeing rates on wool that follow amine pretreatment. However
they indicate that two important factors are operative: (i) the
effectiveness of the amines as alkalis promoting disulphide
bond hydrolysis and (ii) the reactivity of the amines towards
the dehydroalanine residues thus formed. With regard to
alkalinity effects it has been shown that it is the internal pH of
the fibre which is the important factor and that this is affected
by the ionic strength of the treatment bath and the substan-
tivity of the amine. The effects produced by adding salt to the
amine treatment bath are very marked since they increase the
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internal pH and promote amine adsorption. Thus both of the
important factors may be enhanced. Calculation of the
possible increase in positive charge concentration in the wool
fibre resulting from reaction with the amine suggests that the
increase is too small to be a likely cause of increases in the rate
of dye adsorption. A more likely explanation of the effects of
amine reaction is thought to be that the alkaline amine
solution promotes disulphide bond hydrolysis opening up the
wool structure and that subsequent reaction with the amine
prevents the reverse reaction or the alternative formation of
lanthionine cross-links. Thus amine pretreatment provides a
means of opening up the wool structure and enhancing rates of
dye uptake without yellowing due to lanthionine formation.
Ammonia can be seen to be a very controllable amine to use
since its effectiveness is fully controllable by the addition of
salt. As ammonia does not suffer from the objectional odour
associated with aliphatic amines and since the concentrations
required to produce a marked effect are small, ammonia-salt
pretreatment of wool appears worthy of technical evaluation
in the continuing search for wool-dyeing procedures giving
good results at moderate temperatures.

* * ®
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