DYESTUFF

AMERICAN

REPORTER

Volume 47

January 27, 1958

Number 2

FAST DYES ON CELLULOSIC FIBERS*

INTRODUCTION

NE of the main preoccupations
O of the dyer always has been the
chievement of fast dyeings, but the
yresent paper is concerned mainly
vith the problem of wetfastness on
ellulosic fibers. From the theoretical
yoint of view, wetfastness can be ob-
ained in two ways, namely:

1) The introduction into the fiber
f insoluble coloring matters. Wet-
stness is then attained by the me-
hanical retention of the pigment par-
icles within the fiber, coupled with

olutions. Typical examples of this
ethod are the mass pigmentation of

hthalogen and Alcian dyes.

2) The use of soluble dyes, which
re designed to have an appreciable
ffinity for the fiber. The classical ex-
mple of this method is the direct
yes, where the molecular structure
f the dye is selected so that physical
bsorption forces of considerable
rength are built up between dye
d fiber.

The simplicity of application of
ater-soluble dyes has always been
tractive, but in order to achieve any

llulose. Simple acid wool dyes have
egligible affinity and are completely
moved by washing, and the higher
nity of direct dyes is obtained by
long, flat molecules.
ese molecules must be linear and
ust be large, which means in effect
at polyazo structures must be used.
onsequently, many attractive chrom-
horic systems, such as anthra-
inone dyes and triphenyl methane
es, are ruled out, while the com-
exity of a polyazo system almost
evitably introduces dullness. Direct
es are therefore somewhat limited
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in their brightness and range of
shades. Furthermore, large molecules
diffuse into cellulose very slowly so
that if a direct dye molecule is made
larger to increase its affinity and wet-
fastness, it becomes increasingly dif-
ficult to level, and dyeing temper-
atures near the boil must be used in
order to obtain penetration of the
fiber in a reasonable time. Finally,
direct dyeing must remain funda-
mentally a reversible adsorption proc-
ess, and since the adsorbed dye re-
mains unchanged and water-soluble,
the highest degree of wetfastness
must remain unattainable.

APPLICATION OF
REACTIVE DYES

The recent introduction of chem-
ically reactive dyes opens an entirely
new approach to this problem. The
principle involved is very simple and
consists merely of attaching to a
water-soluble dye molecule a reac-
tive group which is capable of enter-
ing into chemical combination with
cellulose. With such a system it is
possible to use dyes which have little
or no affinity for cellulose. Conse-
quently, simple dye molecules can be
employed and theoretically any shape
of chromophoric system. The dye
molecule can be small and thus able
to diffuse within the fiber quickly to
give rapid penetration and good
leveling. Once within the fiber, how-
ever, the reactive group will combine
with cellulose and will anchor the
dyestuff to give a high degree of wet-
fastness.

These principles are employed in
the Procion dyes. The dyes at pres-
ent available are simple mono-azo,
anthraquinone, or phthalocyanine de-
rivatives, which are polysulfonated
to give high solubility. With the ex-
ception of the phthalocyanine deriv-
ative, they are of small molecular
size, diffuse very rapidly within the
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fiber, and are therefore suitable for
cold dyeing and continuous process-
ing. To the dye molecule is attached
the reactive group, which contains
one or two reactive chlorine atoms.
In alkaline solution, reaction between
the dye and the hydroxyl groups in
cellulose can occur to link the dye
to the fiber by a definite chemical
bond. These dyes do therefore com-
bine the simplicity of application of
water-soluble dyes with high wet-
fastness properties to an extent which
has not hitherto been attainable.

THEORY OF DYEING
WITH REACTIVE DYES

The evidence for the existence of
chemical linkages within Procion-
dyed fibers has been reviewed else-
where (1) and the practical methods
of dyeing have also been described
(2). Consequently attention will be
directed in this paper towards the
theoretical aspects of the application
of reactive dyes and the implications
in terms of practical dyeing methods.

In the first place, the use of reac-
tive dyes introduces a new charac-
teristic into the dyeing operation.
Dyeing behavior is no longer con-
trolled solely by rate of diffusion
and affinity but also involves reaction
rates. Any dye which will react with
cellulose will almost certainly react
with water so that in any dyeing op-
eration two competing reactions must
be taking place, namely:-

(1) NaSO;-D-Cl L HO-cellulose—NaSO;-D-
O-cellulose +HCL.
(2) NaSO:-D-Cl +HOH—+NaSO -D-OH +
HCL

Reaction (1) is the desired reaction
with the fiber. Reaction (2) is a side
reaction leading to inactivation of
the dye, since the hydroxyl deriva-
tive formed will not react with cellu-
lose. The relative speeds of these
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wo reactions are obviously of vital
mportance, and reaction (1) must
be much faster than (2) if the dyes
are to be of practical value.

RELATIVE RATES OF REAC-
TION WITH CELLULOSE AND WA-
TER—Attempts to determine
quantitatively the rates of reaction
of Procion Brilliant Red 2BS with
cellulose have so far failed com-
pletely, except in so far as they es-
tablish that the reaction is very
rapid. Pieces of viscose film (Dio-
phane PT 300) were dyed to equilib-
rium in a neutral solution of Procion
Brilliant Red 2BS (0.33 g/l) and
common salt (30 g/l) at 30°C. Un-
der these conditions no reaction with
the fiber occurred and all the dye
could be removed by treatment in
boiling Lissapol NC solution. The
pieces of dyed film were immersed
for short times ranging from 15 sec-
onds to 12 minutes in a cold solution
of sodium carbonate (10 g/l1) and
salt (30 g/l) and then transferred
immediately to boiling Lissapol NC
solution (2 ml/l) and boiled for 10
minutes. The film was then squeezed
on to a glass plate and its optical
density measured at 538 mp. The re-
sults in Table I show no significant
change in density with time so that
reaction must be complete in less
than 15 seconds.

A similar experiment was carried
out by air drying the dyed film and
then suspending the film in ammonia
vapor for short times before washing
off. The results are shown in Table II.

Again the results show no increase
in fixation beyond the shortest prac-
ticable time of treatment so that
again the reaction of the absorbed
reactive dye with cellulose when the
environment is made alkaline must
be extremely rapid.

The rate of reaction of these dyes
with water is more easily measured.
To stirred solutions of the dyes, al-
kali was added and samples removed
at various times. The samples were
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Figure 1

Rate of hydrolysis of Procion Brilliant Red 2BS at 25°C

immediately diluted and buffered to
pH 6.4 to stop the reaction, and then
measured on a spectrophotometer
without delay. It was found that the
absorption spectra of the initial re-
active dye and the inactivated hy-
droxy derivative differed sufficiently
to enable the proportions of the two
forms to be measured, although the
accuracy is not high owing to the
small differences in optical density
which are involved. In all the experi-
ments it was found that the kinetics
of decomposition were those of a
first order reaction in that a straight
line was obtained by plotting the
logarithm of the concentration of re-
active dye remaining in solution at
any time against the time. An ex-
ample is shown in Figure 1. From
the slope of the line, the velocity con-
stant K of this hydrolysis reaction
may be calculated. Results obtained
at different hydrogen ion concentra-
tions, electrolyte concentrations, and
temperatures are summarized in Ta-
bles III, IV and V.

TABLE 1

Rate of reaction of Procion Brilliant Red 2BS
with cellulose in soda ash solution

Time of Treatment 15 sees 30 secs 45 secs 1 min 4 min 12 min
Optical Density 0.175 0. 169 0.165 0.169 0.174 0.174
TABLE 11

Rate of reaction of Procion Brilliant Red 2BS
with cellulose in ammonia vapor

Time of Treatment 0 S secs
r~n -
Optical Density 0 020 0 093

10 secs

0.090

0.091 0.091 0 084

15 secs ‘ 1 min ‘ 16 min

30 &80

TABLE 111

Effect of pH on hydrolysis of
Procion Brilliant Red 2BS

in water at 25°C
(Dye concentration — 0.33 gl

Meas-
ured

Conditions pH

4 g/1 Na;COs, 0.91 g/1 HCI 10.1

5 g/1 Na;CO: 11.1

4.5 g/1 Na:COs, 0.5g/1 NaOH| 11.8

2 g/1 NaOH 12.7
TABLE 1V

Effect of electrolyte concentratiof
on hydrolysis of Procion Bril]iaﬂ
Red 2BS in water

(Dye concentration — 0.33 ¢/l)

l Meas
| ured
Temp Conditions ' pH
25°C 5 g/1 Na:CO; 11.1

25°%C 10 g /1 Na:COy,
| 30 g/1 NaCl 11.1

258C 20 g /1 Na:COg,
60 g/1 NaCl ‘ 11.1

TABLE V

Effect of temperature on the
hydrolysis of Procions Brilli
Red 2BS and Blue 365 |
(Dye concentration — 0.33 ¢lf "
N(lz(:();; = 10 g/l:

NaCl = 30 g/1)

Procion Brilliant

Red 2BS Procion Blue
Temp pH K pH
25°C | 11.1 | 0.048 | 11.1
BONE 111 0.10 10.95
S I B G 0.14 10 85
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=~ These results show clearly that the
rate of hydrolysis increases rapidly
with increasing pH and with increas-
ing temperature and to a lesser de-
gree increases with increasing elec-
trolyte concentration. They also show
— that Procion Brilliant Red 2BS is
| much more easily hydrolyzed than
Procion Blue 3GS.
The importance of decomposition in
\.\alkaline solution depends on the
method of application. If the Procion
—__ dyes are applied by padding in a con-
tinuous dyeing process, then the dye
and alkali are taken up together by
the fibers and when subsequently
dried or steamed, reaction takes place
so much more rapidly with the fiber
. than with water that good fixation is
=—obtained. Nevertheless, some portion
of the dye does react with the water
in the fiber and the unfixed inactive
dye must be removed by thorough
washing in order that the full wet-
fastness of the fixed dye can be re-
vealed. The main importance of de-
~ -omposition in solution in continuous
Ell Srocesses is therefore the stability of
1hiinihe padding liquor. One way of in-
il creasing this stability is to use sodium
A% sicarbonate as the alkali, solutions
oeing stable for several hours in the
old under such conditions. This mild
—lkali is sufficient to produce fixation
_ f a subsequent heat treatment is in-
#solved or if the goods are allowed to
- o -emain in the wet condition for sev-
.. »ral hours or conveniently, overnight.
' Where more rapid fixation at room
——emperature is required, sodium car-
yonate must be employed and the
— nly method of obtaining solution sta-
IV oility is to keep the dye and alkali in
separate solutions until just before
1t hey are applied to the cloth. For
}_)“’mulzxample, the two solutions may be
% eq separately to the padding trough.
in="Special bazaar dyeing and printing
— nethods have been devised for the
" Zastern markets based on this prin-
| Ariple.
. 1 Where decomposition in the dye-
1oath is of much greater importance,
» . 10wever, is in batch dyeing. The gen-
___~ral recommendation is to commence
lyeing in a cold neutral solution of
he Procion dyes containing some salt,
mnd then after about 30 minutes, to
E' dd a mild alkali, such as sodium car-
quthonate, trisodium phosphate or so-
e lium silicate, sufficient to produce a
1Bluf'u’H of about 11, and continue dyeing
_lor a further hour. It is apparent that
""w::];ome dyeing takes place in neutral
02’“ olution but the absorbed dye is not
3/‘xed and can be washed out of the
"~ iber by water at this stage. It is also
¢ golear that the affinity of the dyes is
~— ow, as shown by the poor exhaustion
1 neutral solution, which means that
i1« ery good leveling is shown through-
0¥

— anuary 27, 1958

nudt !

ion =

Figure 2a
Viscose fiber dyed with Procion Brilliant Orange G by impregnation and cold fixation

out this stage of the process. Such a
low exhaustion would be uneconomic.
When the alkali is added, all the dye
already on the fiber is very rapidly
fixed. This upsets the equilibrium
which existed between the dye in the
fiber and in the bath, and further
diffusion of dye into the fiber begins.
The new reactive dye entering the
fiber may be expected to be fixed as
soon as it enters so that the additional
dyeing should take place almost en-
tirely in a thin layer of fiber near the
surface. The real existence of this
phenomenon can be seen by examina-
tion of cross-sections of fibers dyed
under appropriate conditions. To ex-
aggerate the effect for illustration,
viscose yarn was impregnated with a
solution of Procion Brilliant Orange
G containing sodium bicarbonate and
allowed to stand in a wet condition in
a closed bottle for 24 hours at room
temperature, and then washed
thoroughly. Under these conditions,
the dye can penetrate the whole of
the fiber before reaction occurs and is
then fixed in situ to give a uniformly
dyed fiber. This corresponds fairly
closely to the conditions of most con-
tinuous dyeing processes and to the
pad-roll process. In the second place,
the yarn was immersed in a cold dye-
bath containing dye and sodium car-
bonate and dyed for 3 hours at room
temperature before washing. Since
the alkali was present at the begin-
ning of the dyeing process, fixation
should occur as soon as the dye enters
the fiber and severe ring dyeing
should be obtained. The photomicro-
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graphs in Figure 2 confirm these ex-
pectations.

It should be emphasized that, in the
recommended practical batch dyeing
methods, alkali is not present in the
initial stages, so that the dye absorbed
from neutral solution will penetrate
the fiber and fix in situ on addition
of alkali. Under such conditions,
therefore, distribution of dye through
the fiber will be intermediate between
that shown in the two illustrations
and will approach more closely to
uniform distribution the better the
degree of exhaustion obtained before
alkali addition.

It should be noted also that, since
the dye is chemically combined with
the fiber, it cannot diffuse out again
and therefore the existence of ring
dyeing will not adversely affect the
wetfastness properties of the dyed
fiber as it would with a direct dye.
This has been confirmed by washing
tests on the samples used for the
preparation of the photomicrographs.
It is obvious also that no leveling can
occur after alkali has been added to
the bath in batch dyeing.

Returning to the more theoretical
aspects of the dyeing process, it is
clear that, in the second phase of the
batch dyeing process, the reactive dye
in the alkaline bath will also be re-
acting with water, so that the extent
to which dyeing by fixation occurs
will depend on the relative rates of
diffusion into the fiber and decomposi-
tion in the bath. In other words, in
this stage it is a question of probabil-
ity as to whether a reactive dye mole-
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Figure 2b
Viscose fiber dyed with Procion Brilliant Orange G from an alkaline dyebath

cule can diffuse to and into the fiber
before it collides with an active hy-
droxyl ion and is destroyed.

The importance of decomposition in
batch dyeing can only be assessed
from a knowledge of the rates of dif-
fusion and decomposition. The meas-
urement of the latter has already
been described. The rate of diffusion
was studied in viscose film. The film
was squeezed on to a glass plate
which formed one wall of a cell filled
with dye solution. Inlet and outlet
tubes were fitted to the cell and a
pump arranged to circulate dye liquor
through the cell continuously from a
large reservoir. The volume of the
reservoir was such that the total dye-
bath concentration of reactive and in-
active dye could be regarded as con-
stant. The total optical density of the
cell containing dye solution and vis-
cose film was measured at intervals at
the isosbestic wavelength. Any in-
crease in density was attributed to
uptake of dye by the film, and the
process was treated as diffusion from
one side into an infinite slab. Applying
the usual diffusion equations based on
Fick’s Law, diffusion coefficients were
calculated for the intermediate times
of the experiments. Data obtained at
very short times or at long times gave
unsatisfactory results owing to the
experimental inaccuracy in determin-
ing small amounts of dye uptake or
small changes in the uptake.

These experiments were carried
out in neutral solution to determine
the diffusion of the reactive dye in
absence of complicating reaction with
the fiber. In addition, similar experi-
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ments were carried out with com-
pletely inactivated dye, ie, the
hydroxyl instead of the chloro deriv-
ative. The results are shown in Table
VI. It will be seen that the diffusion
coefficients of both the reactive and
inactive forms of Procion Brilliant
Red 2BS are very similar, as would
be expected since the molecular size
and shape of the two forms are nearly
the same, although the reactive dye
is more sensitive to temperature.

TABLE VI
Diffusion of Procions Brilliant
Red 2BS and Blue 3GS inio
viscose film
(0.33 g/l dye; 30 g 'l salt; wet
thickness of film 3.3 x 10" em)

Diffusion Coefficient
| (cm?/min x 107)

In order to assess the practical sige
nificance of diffusion and hydrolysis,
a preliminary attempt has hgcn made
to develop a simple theory of the dye.
ing process. It is assumed that dif-
fusion of dye into the fiber takes place
according to Fick's Law, the reactive
and inactive species being indistin.
guishable in this process. The fate of
the reactive dye entering the fiber i
governed by the relative rates of the
hydrolysis and fixation reactions
within the fiber. If the two reaction
constants are designated by K and F
respectively, it can be shown that, at
an infinite time later, the proportion
of reactive dye which is fixed to the

F
fiber will be ——. From the preceding
FlK

data it is obvious that, in sodium car-
bonate solution about pH 10, F mus
be very much greater than K so that
this fraction reduces to unity. In other
words, under these conditions all the
reactive dye which enters the fiber
will be fixed. This simplification may
not apply under less alkaline condi-
tions, as will be seen later.

Diffusion into the fiber, however, is
a much slower process and compara-
ble in speed with the rate of hydroly-
sis. Hence diffusion into the fiber
takes place from a dyebath in which
the concentration of reactive dye &
steadily decreasing even in the caseof
an infinite dyebath. The proportion o
reactive dye remaining at any time (t)
will be given by C,e-Kt where Cj i
the initial concentration. Hence the
amount of dye fixed at equilibrium
may be calculated from Hill's equa-
tion for diffusion into cylindrical fiber
modified by the decrease in externd
concentration. Using the diffusion co-
efficients and hydrolysis constants a-
ready determined, the amount of dj
fixed at 25, 30 and 35°C has been ca-
culated under the conditions de-}
seribed below and is shown in Table} .
VII. In the same table are the exper
mental results obtained by dyeing {0
equilibrium viscose rayon yarn (50gf "
in a dyebath (1,500 cc) containingf

Dye 25°Cc | 30°c | 3s°c |
proci;-. Brilliant Red2BS. 1.7 | 2.4 | 35 Procion Brilliant Red 2BS or Bluj
Inactive form of Red 285 1.4 | 1.6 | 2.0 3GS (0.5 g), sodium carbonate (17§}

and salt (45 g). After dyeing, the fibe
TABLE VI

Comparison of calculated and observed dye fixation
from an alkaline dyebath

Dye Temp (°C) | Dye absorbed

Dye in fiber which 18
‘ | chemically combined (4 f
- it |

Dye combined Actual Calculated

= - — A e PR A e e S - g g ==
Procion Brilliant 25 03lg 0 21¢g 68
Red 2BS 30 0.25¢g 015 g | 60
35 | 024 ¢g \ 015 ¢ | 63
Procion Blue 3GS [ 25 0.39¢g 027¢g 69
30 0 36¢g } 025¢ 69
| 35 0.34¢g 0.23 ¢ 68
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was removed, squeezed and weighed
to determine the amount of entrained
.. . liquor. The concentration of dye in the
.. dyebath was determined optically.
“ The dyed fiber was extracted with
boiling Lissapol NC solution (2 g/l)
- and the amount of dye removed de-
termined optically. In this way the
content of fixed and unfixed dye in

the fiber was found.

Considering the approximations in-
. troduced into the theory, the asree-

“ment is good and the theory does
explain why a finite equilibrium is
reached rather than the complete re-
action and 1009 fixation which would
be expected if no hydrolysis took
place.

This theory has an important bear-
15ing on practical dyeing. Considering
a2y first the effect of temperature, it will

« 4.7 be seen from Table VII that, as the

. temperature is raised, the total

.~ amount of dye absorbed by the fiber
.. -decreases. In other words, the affinity
- of the reactive and inactive dye de-
creases with increasing temperature
... as with all other systems. The per-
. centage of dye absorbed which is
" fized, however, is only slightly af-
— fected by temperature. The reason for
- this is that, although an increase of
‘temperature increases hydrolysis
" (Table V), it also increases the rate
" of diffusion into the fiber (Table VI)
““““and the two effects almost cancel out.
~ From the practical point of view,
" therefore, in the two-stage batch
. dyeing process the temperature of the
“ “alkaline phase is relatively uncritical
“ % setween 20 and 60°C. As noted earlier,
“10owever, the exhaustion obtained
" luring the first phase of neutral dye-
" ng decreases considerably with in-
“sreasing temperature, and when alkali
“ s added, the dye already on the fiber
“s fixed almost instantaneously and
“Sficiently. Hydrolysis of active dye
““akes place mainly in the dyebath.
Chus the overall process will be most
“fficient when the maximum amount
'of dye is induced to go on the fiber in
“he first neutral-dyeing phase. Con-
“equently in practice the highest de-
Yiree of fixation will be produced by
wrarrying out the first phase as cold as
conveniently possible, ie, room tem-
erature. There is then no advantage
vield to be obtained by raising the
emperature after addition of alkali.
t is theoretically possible that an in-
wlill rease of temperature at this point

night permit a reduction in the time
_— f dyeing in the second phase, but the
#luccess of this maneuver would de-
~end on whether liquor circulation is
‘dequate to give level adsorption of
ve at the increased rate of dyeing
roduced by the higher temperature
—— since no migration can take place).
5 uccess is also likely to depend on the
¢ roperties of the particular dyes in-
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Effect of pH on the fixation of several Procion Dyes

volved and, moreover, the saving in
time may be offset by the increased
steam wusage. These considerations
might well repay investigation by
dyers under their own conditions, but
as a general recommendation the
safest policy is to carry out the whole
dyeing at or near room temperature.

Considering next the effect of alka-
linity, at any one temperature, diffu-
sion into the fiber is only slightly af-
fected but the hydrolysis rate is
increased with increasing pH. The
percentage of dye fixed should, there-

fore, decrease with increasing pH.
Measurements of percentage fixation
against pH determined on dyeings
carried out by the standard batch
dyeing process on viscose rayon and
bleached cotton yarns are shown in
Tables VIII and IX, and in Figure 3.

It will be seen that in all cases the
fixation passes through a maximum.
The effect is more noticeable on cot-
ton than on viscose rayon and in all
cases the optimum pH of fixation is
lower on the latter fiber. The de-
crease in fixation with increasing pH

TABLE VIII

Fixation of Procion Dyes on viscose rayon at
different pH values

(1.59% dye. 30:1 liquor, 50 g/l salt. dyed 30 min without

alkali, then 90 min at indicated pH, all at 20°C)

¢, Fixation at

Dye pH 85 | pH9.0 pH95 ’pH 10.0 | pH 10.5 | pH 11.0 | pH 11.5 pH 12.0
Pi c—vn Brilliant Yellow 6G 50 58 [ 62 62 59 5
Biocion Yellow R 75 | 80 81 ‘ 80 80 79
Procion Brilliant Orange G = 68 7f) 78 78 76
Procion Brilliant Red 2B 55 72 72 69 67 =
Procion Brilliant Blue R 35 62 70 69 65 —
Procion Blue 3G 54 68 70 68 66

TABLE IX
Fixation of Procion Dyes on bleached cotton at
different pH values
(Data as in Table VIII)
Fixation at

Dye pH 9.0 pH 9.5 pH 10,0 pH 105 pH11.0 pH11.5 pHI12.0
Procion Brilliant Yellow 6G 17 27 34 _%f‘ 31
Procion Yellow R 65 _1: 79 75
Procion Brilliant Orange G . e 61 72 75 72
Procion Brilliant Red 2B 35 52 59 58 :li = =
Procion Brilliant Blue R o 3:‘\ ’1 ﬁ')
Procion Blue 3G 36 54 60 63 56
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at the upper end of the range is in
accord with the theory outlined above,
but the initial increase with increasing
pH is not. The explanation of this
effect may be found in a more de-
tailed examination of the rate of re-
action with the fiber, which has not
so far been examined over a range of
pH. Clearly, however, the rate of the
fixation reaction must be extremely
slow in neutral solution, since most of
the dye can be washed out of the fiber
if no alkali treatment is involved, but
on the other hand is very rapid at
pH 10 as shown in Table I. Around
pH 8, therefore, both the rate of fixa-
tion and the rate of hydrolysis must
be slow, and in dyeings for a limited
time, such as those forming the basis
of Tables VIII and IX, it may be that
a considerable proportion of the dye
still remains in the reactive form at
the end of the dyeing operation. As
the pH increases, more and more of
the dye is either fixed or hydrolyzed,
and the optimum pH is the point at
which all the reactive dye has been
used up in one way or the other at the
end of the dyeing period. Further in-
crease of pH then merely accelerates
hydrolysis before the dye can get into
the fiber. This view is supported by
experiments in which the time of dye-
ing was prolonged up to 6 hours after
addition of alkali. The results are
shown in Table X and Figure 4.

The results show that, at lower pH,
the percentage fixation improves with
increasing time of dyeing, but the
effect is negligible above pH 10.5.
Given infinite time, the fixation would
presumably increase continuously
with decreasing pH as predicted by
theory.

In theory, therefore, the pH of the
alkaline stage of batch dyeing should
be adjusted according to the dyeing
time, the temperature, and the par-
ticular dye being used, the alkalinity
being such that at the end of the dye-
ing operation the last part of reactive
dye has just been destroyed or has
combined with the fiber. The use of
strong alkalies giving a much higher
pH than the optimum is detrimental
in batch dyeing. Again this situation
leaves scope for investigation by dyers
under their own particular conditions
but is unsatisfactory as a general

100

R/}
c
3
]
X

50

1-5he
25 q.0 10:0 1o 12-0
ph
Figure 4
Effect of time on the fixation of
Procion Blue 3GS
recommendation, Fortunately the pastes but in general require heating

change of fixation with increasing pH
is not great once the optimum has
been passed, while most of the normal
Procion dyes show optimum fixation
in the same pH range. Consequently,
it is possible to arrive at a satis-
factory compromise and recommend
one general set of conditions for batch
dyeing. In the case of viscose rayon,
the use of sodium carbonate as the
alkali is satisfactory, but on cotton
the pH of optimum fixation is higher
and a stronger alkali, such as triso-
dium phosphate, is necessary to ob-
tain maximum yield. Sodium carbon-
ate can be used in cotton dyeing if
some loss in yield is accepted. Procion
Brilliant Red 2B is somewhat anom-
alous in that it is more reactive than
the other members of the range and
can be fixed satisfactorily at a lower
pH.

It must be noted that all the work
described in the present paper has
been concerned with the original
highly reactive Procion dyes. A fur-
ther range of dyes known as the
Procion “H” dyes has now been mar-
keted, which are of a similar type but
which are less reactive. These “H”
dyes have greater stability in aqueous
alkaline solution and in alkaline print

TABLE X

Effect of Prolonging Dyeing Time on the Fixation of
Procion Blue 3G at Different pH Values

(Data as in Table VIII )

Time of dyeing after | ————— | ———

addition of alkali pH 9.5 pH 10.0
1.5 hours ‘ 40 "5:
3 hours 53 60
6 hours 60 62

9% Fixation at

pH 10.5 pH 11.0 pH 11.5
62 Mo 6] 56
63 nwer 61 56
62 AT 60 55

in order to make them react with
cellulose. Consequently, the discus-
sion in this paper cannot be extendet
to cover the Procion “H” dyes.

CONCLUSION

Clearly much remains to be done it
this field and the possibilities of fur-
ther development are great. Although
the theory of dyeing with reactiv
dyes is still in a somewhat elementar!
state, the basic principles have beg
uncovered and have resulted in the
development of a wide range of now!
and practical dyeing methods. Reat
tive dyes go a long way toward
meeting the target of dyes for cellu-
lose which combine simplicity in ap-
plication with high wetfastness.
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