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FAST DYES ON CELLULOSIC FIBERS

INTRODUCTION

ONE of the m ain preoccupations 
of the dyer alw ays has been  the 

ichievement of fast dyeings, b u t the 
)resent paper is concerned m ainly 
vith the problem  of w etfastness on 
:ellulosic fibers. F rom  the  theoretical 
)oint of view, w etfastness can be ob- 
ained in two ways, nam ely:

1) The in troduction into the  fiber 
|.f insoluble coloring m atters. W et- 
astness is th en  a tta in ed  by the  m e-

Ihanical re ten tion  of the  pigm ent p a r-  
icles w ithin the  fiber, coupled w ith  
le  insolubility of the pigm ent in soap 

Solutions. Typical exam ples of this 
aethod are the m ass p igm entation of

tayons and the use of vat, azoic, 
hthalogen and A lcian dyes.
2) The use of soluble dyes, w hich 

re designed to have an  appreciable 
ffinity for the  fiber. The classical ex - 
mple of th is m ethod is the  d irect 
yes, w here the  m olecular s tru c tu re  
f the dye is selected so th a t physical 
bsorption forces of considerable

trength are  b u ilt up  betw een  dye 
id fiber.

The sim plicity of application of 
^ater-soluble dyes has alw ays been 
ttractive, b u t in  o rder to achieve any 
ignificant w etfastness, the  soluble 
yes m ust have a h igh  affinity for 
ellulose. Sim ple acid wool dyes have 
egligible affinity and  are  com pletely 
emoved by  w ashing, and the  h igher 
ffinity of d irect dyes is obtained by 
uilding up long, flat m olecules, 
'hese m olecules m ust be lin ear and 
lust be large, w hich m eans in  effect 
lat polyazo s tru c tu re s  m ust be used, 
onsequently, m any  a ttrac tiv e  chrom - 
phoric system s, such  as a n th ra -  
uinone dyes and tripheny l m ethane 
yes, are ru led  out, w hile the  com - 
lexity of a polyazo system  alm ost 
levitably in troduces dullness. D irect 
yes are there fo re  som ew hat lim ited
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in th e ir brightness and range of 
shades. F u rtherm ore , large molecules 
diffuse into cellulose very  slowly so 
th a t if a d irect dye molecule is m ade 
la rger to increase its affinity and w et
fastness, it becomes increasingly dif
ficult to level, and dyeing tem per
atu res near the boil m ust be used in 
o rder to obtain penetration  of the 
fiber in  a reasonable time. F inally, 
d irect dyeing m ust rem ain funda
m entally  a reversible adsorption p roc
ess, and since the adsorbed dye r e 
m ains unchanged and w ater-soluble, 
the highest degree of w etfastness 
m ust rem ain  unattainable.

APPLICATION OF 
REACTIVE DYES

The recen t introduction of chem 
ically reactive dyes opens an entirely  
new  approach to this problem . The 
principle involved is very  simple and 
consists m erely  of attaching to a 
w ater-so lub le  dye m olecule a reac
tive group w hich is capable of en te r
ing into chemical com bination w ith 
cellulose. W ith such a system  it is 
possible to use dyes w hich have little 
or no affinity for cellulose. Conse
quently , sim ple dye m olecules can be 
em ployed and theoretically  any shape 
of chrom ophoric system. The dye 
m olecule can be small and thus able 
to diffuse w ith in  the fiber quickly to 
give rap id  penetra tion  and good 
leveling. Once w ith in  the  fiber, how 
ever, the  reactive group will combine 
w ith cellulose and will anchor the 
dyestuff to give a high degree of w et
fastness.

These principles are em ployed in 
the Procion dyes. The dyes at p re s
en t available are simple m ono-azo, 
an th raqu inone, or phthalocyanine de
rivatives, w hich are polysulfonated 
to give high solubility. W ith the ex 
ception of the phthalocyanine d e iiv - 
ative, they  are of sm all m oleculai 
size, diffuse very  rap id ly  w ith in  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 
w ater-so luble dyes w ith high w et
fastness properties to an extent which 
has not h itherto  been attainable.

THEORY OF DYEING 
WITH REACTIVE DYES
The evidence for the existence of 

chemical linkages w ithin Procion- 
dyed fibers has been reviewed else
w here (I)  and the practical methods 
of dyeing have also been described 
(2). Consequently attention will be 
directed in this paper tow ards the 
theoretical aspects of the application 
of reactive dyes and the implications 
in term s 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
tro lled  solely by ra te  of diffusion 
and affinity bu t also involves reaction 
rates. Any dye which will react w ith 
cellulose will alm ost certainly react 
w ith w ater so th a t in any dyeing op
eration two competing reactions m ust 
be taking place, nam ely

(1) NaSOs-D-Cl -t-HO-cellulose—►NaSO-D-
O-cellulose+HC1.

( 2 1  N a S O , - D - a + H O H - ^ N a S O : - D - O H  r
HCl.

R eaction (1) is the desired reaction 
w ith the fiber. Reaction (2) is a side 
reaction leading to inactivation of 
the dye, since the hydroxyl deriva
tive form ed will not react w ith cellu
lose. The re la tive speeds of these
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two reactions a re  obviously ol' v ital 
im portance, and reaction (1) m ust 
be m uch tas te r th an  (2) if the dyes 
a re  to be of practical value.

R ELA TIV E RATES OF R E A C 
TION W ITH C ELLU LO SE AND W A 
TER---------A ttem pts to determ ine

0-0

O>.O

quan tita tively  the ra tes of reaction 
of P ioc ion  B rillian t Red 2BS w ith 
cellulose have so far failed com 
pletely, except in so far as they es
tablish  th a t the  reaction is very 
rapid. P ieces of viscose film (D io- 
phane P T  300) w ere dyed to equ ilib 
rium  in a n eu tra l solution of Procion 
B rillian t Red 2BS (0.33 g/1) and 
common salt (30 g/1) a t  30°C. U n 
d er these conditions no reaction w ith 
the fiber occurred and all the dye 
could be rem oved by trea tm en t in 
boiling Lissapol NC solution. The 
pieces of dyed film w ere im m ersed 
for sho rt tim es ranging from 15 sec
onds to 12 m inutes in a cold solution 
of sodium  carbonate (10 g/1) and 
salt (30 g/1) and then  tran sferred  
im m ediately to boiling Lissapol NC 
solution (2 m l/1) and boiled for 10 
m inutes. The film was th en  squeezed 
on to a glass p late and its optical 
density  m easured at 538 m/x. The r e 
sults in Table I show no significant 
change in density w ith tim e so that 
reaction m ust be com plete in less 
than  15 seconds.

A sim ilar experim ent was carried  
out by air drying the dyed film and 
then  suspending the film in am m onia 
vapor for short tim es before washing 
off. The resu lts a re  shown in Table II.

Again the resu lts show no increase 
in fixation beyond the shortest p rac
ticable tim e of trea tm en t so th a t 
again the reaction of the  absorbed 
reactive dye w ith cellulose w hen the  
environm ent is m ade alkaline m ust 
be extrem ely  rapid.

The ra te  of reaction of these dyes 
w ith w ater is m ore easily m easured. 
To stirred  solutions of the dyes, a l
kali was added and sam ples rem oved 
at various times. The sam ples w ere

a '10

XO
Time (minutes) 

Figure 1
Rate ot hydrolysis of Procion Brilliant Red 2BS at 25 C

im m ediately dilu ted  and buffered to 
pH 6.4 to stop the reaction, and then  
m easured on a spectrophotom eter 
w ithout delay. It was found th a t the 
absorption spectra of the  initial r e 
active dye and the  inactivated  h y 
droxy derivative differed sufficiently 
to enable the proportions of the two 
forms to be m easured, a lthough the 
accuracy is not high owing to the 
small differences in optical density  
which are involved. In  all the experi
m ents it was found th a t the kinetics 
of decomposition w ere those of a 
first o rder reaction in th a t a s traigh t 
line was obtained by plotting the  
logarithm  of the concentration of re 
active dye rem aining in solution at 
any tim e against the  time. An ex 
am ple is shown in F igure 1. From  
the slope of the line, the velocity con
stan t K  of this hydrolysis reaction 
m ay be calculated. R esults obtained 
at d ifferent hydrogen ion concen tra
tions, electrolyte concentrations, and 
tem peratu res are sum m arized in T a
bles III, IV and V.

TABLE III
Eff ect o f pH on hydrolysis of 

P rocion  B rilliant Red 2BS 
in water at 25°C  

( D y e  c o n c e n t r a t io n  — 0.33 g/lj

C onditions

M eas
ured
pH

Velocity’
Constant'

K

4 g/1 NazCO.,, 0.91 g /1 H C l 10.1 o .o o s
5 g /1  Na2COj 11.1 0.030
4.5 g /1  N a 2C 03 , 0.5 g /1  N aO H 11.8 o.os<
2 g /1  N aO H 12.7 0.175
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TABLE IV
Effect o f electrolyte concentration 
on hydrolysis o f Procion Brilliant 

R ed 2B S in  water 
( D y e  c o n ce n t r a t io n  =  0.33 g I)

separate solu

T em p

25°C
25°C

25®C

C onditions

5 g /1  Na2COi 
10 g T NaoCOi, 

30 g 1 N aC l 
20 g /1  Na2C03, 

60 g /1  N aC l

TABLE I
Rate of reaction of Procion Brilliant Red 2BS  

with cellu lose in soda ash solution

Tim e of T rea tm en t 15 secs 30 secs 45 secs 1 m in 4 m in 12 m in

O ptical D ensity 0.175 0 169 0.165 0.169 0.174 0.174

TABLE II
Rate of reaction of P rocion  Brilliant Red 2BS  

with cellu lose in am m onia vapor

TABLE V
Effect o f tem perature on the 

hy<lrolysis o f Procions Brilliant 
Red 2B S and B lue 3GS 

( D y e  c o n c e n t r a t io n  — 0.33  
ISa.,CA); =  l Og/ l - ,

ISaCl =  3 0  g I)

fifaloutii

Tim e of T rea tm en t r»-n
O ptical D ensity

0 5 secs 10 secs 15 secs 1 min 16 m in

0 020 0 093 0 .090 0-091 0.091 0 084

T em p

25® C 
30® C 
35® C

Procion B rillian t
Red 2BS Procion Blue 3C:

p H K pH K

11 1 0 .048 11.1 0.015
11 1 0 .1 0 10 95 o.ou
11 1 0 14 10.85 0.051
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These resu lts  show clearly  th a t the 
rate of hydro lysis increases rapidly 
with increasing pH  and w ith  increas
ing tem p era tu re  and  to a lesser d e 
gree increases w ith  increasing elec
tro lyte concentration. They also show 
that P rocion B rillian t R ed 2BS is 
m uch m ore easily hydrolyzed th an  
Procion B lue 3GS.

The im portance of decom position in 
alkaline solution depends on the 
m ethod of application. If the  P rocion 
dyes are applied by padding in a con
tinuous dyeing process, th en  the  dye 
and alkali are tak en  up together by 
the fibers and w hen subsequently  
dried or steam ed, reaction  takes place 
so m uch m ore rap id ly  w ith  the fiber 
than  w ith w ate r th a t good fixation is 
obtained. N evertheless, some portion 
of the dye does reac t w ith  the  w ater 
in the fiber and  the unfixed inactive 
dye m ust be rem oved by thorough 
washing in o rder th a t the  full w e t
fastness of the fixed dye can be re -  

____vealed. The m ain  im portance of de
composition in solution in  continuous 
orocesses is therefo re  the  stab ility  of 

j|]Yiy,,:he padding liquor. One w ay of in - 
creasing this stab ility  is to use sodium  

jjryf Dicarbonate as the alkali, solutions 
, Deing stable for several hours in the 

'  hold u nder such conditions. This m ild 
dkali is sufficient to produce fixation 
f a subsequent h ea t trea tm en t is in - 

_^/olved or if the goods are  allow ed to 
jc II em ain in the w et condition for sev- 

. ;ral hours or conveniently, overnight. 

.. iVhere m ore rap id  fixation a t room
------ em perature is requ ired , sodium  ca r-

Donate m ust be em ployed and the
------ )̂nly m ethod of obtaining solution s ta -
£[V Dility is to keep the  dye and alkali in

2SC

Ttecon̂
separate solutions un til ju st before 
hey are applied to the  cloth. F or 
example, the tw o solutions m ay be 

®''® /̂ed separately  to the  padding trough. 
(ion=®‘3pecial bazaar dyeing and p rin ting  
—'^ n e th o d s  have been  devised for the  

'‘®2astern m arkets based on this p rin - 
liple.

W here decom position in the dye- 
)ath is of m uch g rea te r im portance, 
lowever, is in batch  dyeing. The gen-

___ .'ral recom m endation is to com m ence
lyeing in  a cold n eu tra l so lution of

__ ^h e Procion dyes containing som e salt,
ind then  a fte r abou t 30 m inutes, to 

i  dd a m ild alkali, such as sodium  ca r- 
pfjliiK'Donate, trisodium  phosphate or so- 

[ilium silicate, sufficient to p roduce a 
jgljfJiH of about 11, and  continue dyeing 

^ |,or a fu rth e r hour. It is ap p a ren t th a t 
ome dyeing takes place in n eu tra l 

' olution b u t the  absorbed  dye is not 
xed and can be w ashed out of the 
iber by w a te r a t th is stage. It is also 

(ŵ lear th a t the affinity of the  dyes is 
Dw, as show n by the  poor exhaustion
- neu tra l solution, w hich m eans th a t 

lot! ery good leveling is show n th ro u g h - 
10 l!
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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 w ould be uneconomic. 
W hen the alkali is added, all the dye 
a lready  on the fiber is very  rapidly 
fixed. This upsets the equilibrium  
w hich existed betw een the dye in the 
fiber and in the bath, and fu rther 
diffusion of dye into the fiber begins. 
The new  reactive dye entering the 
fiber m ay be expected to be fixed as 
soon as it en ters so th a t the additional 
dyeing should take  place alm ost en 
tire ly  in a th in  layer of fiber near the 
surface. The real existence of this 
phenom enon can be seen by exam ina
tion of cross-sections of fibers dyed 
u n d er appropriate  conditions. To ex 
aggerate the effect for illustration, 
viscose y arn  was im pregnated w ith a 
solution of Procion B rillian t Orange 
G containing sodium  bicarbonate and 
allowed to stand in a w et condition in 
a closed bottle for 24 hours at room 
tem peratu re , and then  w ashed 
thoroughly. U nder these conditions, 
the dye can pen e tra te  the whole of 
the  fiber before reaction occurs and is 
th en  fixed in situ  to give a uniform ly 
dyed fiber. This corresponds fairly  
closely to the  conditions of m ost con
tinuous dyeing processes and to the 
p ad -ro ll process. In  the second place, 
the  y arn  was im m ersed in a cold dye- 
ba th  containing dye and sodium  ca r
bonate and  dyed for 3 hours a t room 
tem p era tu re  before washing. Since 
the  alkali was p resen t at the begin
ning of the  dyeing process, fixation 
should occur as soon as the  dye en ters 
the  fiber and severe ring dyeing 
should be obtained. The photom icro
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graphs in F igure 2 confirm these ex
pectations.

It should be emphasized that, in the 
recom m ended practical batch dyeing 
methods, alkali is not present in the 
initial stages, so that the dye absorbed 
from neu tra l solution will penetrate 
the fiber and fix in situ on addition 
of alkali. U nder such conditions, 
therefore, distribution of dye through 
the fiber will be interm ediate between 
th a t 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 w ould w ith a direct dye. 
This has been  confirmed by washing 
tests on the samples used for the 
preparation of the photomicrographs. 
It is obvious also th a t no leveling can 
occur after alkali has been added to 
the bath  in batch dyeing.

R eturn ing  to the m ore 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 w ith w ater, so th a t 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 o ther words, in 
this stage it is a question of probabil
ity as to w hether a reactive dye m ole-
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2bFigure
Viscose fiber dyed with Procion Brilliant Orange G from an alkaline dyebath

cule can diffuse to and into the fiber 
before it collides w ith an active h y 
droxyl ion and is destroyed.

The im portance of decomposition in 
batch  dyeing can only be assessed 
from  a knowledge of the ra tes of dif
fusion and decomposition. The m eas
urem ent of the la tte r  has already 
been described. The ra te  of diffusion 
was studied in viscose film. The film 
was squeezed on to a glass p late 
w hich form ed one wall of a cell filled 
w ith  dye solution. In let and outlet 
tubes w ere fitted to the cell and a 
pum p arranged  to circulate dye liquor 
th rough  the cell continuously from  a 
large reservoir. The volum e of the 
reservoir was such th a t the total dye- 
ba th  concentration of reactive and in 
active dye could be regarded as con
stan t. The to tal optical density of the 
cell containing dye solution and v is
cose film was m easured at in tervals at 
the isosbestic wavelength. Any in 
crease in density was a ttribu ted  to 
u p tak e  of dye by the film, and the 
process was trea ted  as diffusion from 
one side into an  infinite slab. Applying 
the usual diffusion equations based on 
F ick’s Law, diffusion coefficients w ere 
calculated for the in term ediate times 
of the experim ents. D ata obtained at 
very  sho rt tim es or at long times gave 
unsatisfactory resu lts owing to the 
experim ental inaccuracy in determ in
ing small am ounts of dye uptake or 
sm all changes in the uptake.

These experim ents w ere carried 
out in neu tra l solution to determ ine 
the diffusion of the reactive dye in 
absence of complicating reaction with 
the fiber. In addition, sim ilar experi

Diffusion Coefficient
(cm ‘ m in  X lOp

Dye 25°C 30°C 35°C

Procion B rillian t Red 2BS 1,7 2 .4 3 5
Inactive  torm  ot R ed 2BS 1 4 1 6 2 .0
Procion Blue 3GS 1 0 1 2 1.5

In order to assess the pj actica sig
nificance of diffusion and hydiolysis, 
a p re lim inaiy  a ttem pt has been made 
to develop a sim ple theo ry  of the dye- 
ing process. I t is assum ed that dif
fusion of dye into the fiber takes place 
according to F ick ’s Law, the reactive 
and inactive species being indistin
guishable in this process. The fate of 
the reactive dye en tering  the fiber is 
governed by the re la tive rates of the 
hydrolysis and fixation reactions 
w ithin the fiber. If the two reaction 
constants a re  designated by K and F 
respectively, it can be shown that, at 
an infinite tim e later, the proportion 
of reactive dye which is fixed to the 

F
fiber will b e ------. F rom  the preceding

m ents w ere carried  out w ith com 
pletely inactivated dye, ie, the 
hydroxyl instead of the chloro d eriv 
ative. The resu lts are shown in Table 
VI. It will be seen tha t the diffusion 
coefficients of both the reactive and 
inactive forms of Procion B rillian t 
Red 2BS are very  sim ilar, as would 
be expected since the m olecular size 
and shape of the two forms are nearly  
the same, although the reactive dye 
is m ore sensitive to tem perature.

TABLE VI
Diffusion of Procions Brilliant 

Red 2BS and B ine 3GS into  
viscose film

( 0 . 3 3  g / l  d y e ;  3 0  g I srUt; tvei  
th ickne ss  o f  f i lm  3 .3  x 1 0 ’’ c m )

F-l-K
data it is obvious that, in sodium car
bonate solution abou t pH 10, F must 
be very  m uch g rea te r than K so that 
this fraction reduces to unity. In other 
words, u nder these conditions all the
i-eactive dye w hich en ters the fiber 
will be fixed. This simplification may 
not apply u n d er less alkaline condi
tions, as will be seen later.

Diffusion into the fiber, however, is 
a m uch slow er process and compara
ble in speed w ith the ra te  of hydroly
sis. Hence diffusion into the fiber 
takes place from a dyebath in which 
the concentration of reactive dye is 
steadily decreasing even in the cased 
an infinite dyebath. The proportion of 
reactive dye rem aining at any time (t) 
will be given by where Cq is
the initial concentration. Hence the 
am ount of dye fixed at equilibrium 
m ay be calculated  from Hill’s equa
tion for diffusion into cylindrical fibers 
modified by the  decrease in external 
concentration. Using the diffusion co
efficients and hydrolysis constants 
ready  determ ined, the am ount of dye 
fixed at 25, 30 and 35 °C has been cal 
cu lated  u n d er the  conditions de
scribed below and is shown in Table 
VII. In  the sam e tab le  are the experi 
m ental resu lts  obtained by dyeing to 
equilib rium  viscose rayon yarn (50 g) 
in a dyebath  (1,500 cc) containing 
Procion B rillian t R ed 2BS or Blue 
3GS (0.5 g), sodium  carbonate (15 g) 
and salt (45 g). A fter dyeing, the fibei

TABLE VII
Com parison of calculated and observed dye fixation  

from  an alkaline <lyebath

f ̂
ti
1

1
D ye in fiber which is

chem ically  ccimbincd (vt

D ye Tem p (°C) D ye absorbed D ye com bined A ctual Calculated

Procion B rillian t 25 0 31 g 0 21 g 68 73
R ed 2BS 30 0 25 g 0 15 g 60 64

35 0 .24  g 0 15 g 63 65

Procion Blue 3GS 25 0 39 g 0 27 g 6Q 76
30 0 36 g 0 25 g 69 73
35 0 34 g 0 23 g 68 68
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was rem oved, squeezed and weighed 
to determ ine the am ount of en tra ined  
liquor. The concentration of dye in the 
dyebath was determ ined  optically. 
The dyed fiber was ex tracted  with 
boiling Lissapol NC solution (2 g/1) 
and the am ount of dye rem oved d e
term ined optically. In this way the 
content of fixed and unfixed dye in 
the fiber was found.

Considering the approxim ations in 
troduced into the theory , the ag ree
m ent is good and the theory  does 
explain why a finite equilib rium  is 

' reached ra th e r than  the com plete re - 
'■ action and 100*^ fixation w hich would 

be expected if no hydrolysis took 
r place.

This theory  has an im portan t b ea r-  
ing on practical dyeing. Considering 

:.:3Rj first the effect of tem peratu re , it will 
: be seen from Table VII that, as the

tem perature is raised, the total 
am ount of dye absorbed by the fiber 
decreases. In o ther words, the affinity 
of the reactive and inactive dye de- 

55 lii.: creases with increasing tem p era tu re  
 ̂ as with all o ther systems. The p e r

centage of dye absorbed w hich is 
fixed, however, is only slightly af- 
fected by tem perature. The reason for 

" this is that, although an increase of 
tem perature increases hydrolysis 

'(T able V), it also increases the ra te  
of diffusion into the fiber (Table VI) 

e\ffii-gnd the two effects alm ost cancel out.
" ■■■_ From  the practical point of view, 
'd'i therefore, in the tw o-stage batch 

; dyeing process the tem p era tu re  of the 
ram -  alkaline phase is re la tively  uncritica l 
^ ‘̂I 'le tw een  20 and 60°C. As noted earlier, 
JO®"  lowever, the exhaustion obtained 

t̂ ciln’”''lu rin g  the first phase of n eu tra l dye- 
- ng decreases considerably w ith  in - 

easing tem peratu re, and w hen alkali 
ilyastoic-g added, the dye a lready  on the fiber 
®®®"s fixed alm ost instan taneously  and 
S'Cli«=-;fficiently. H ydrolysis of active dye 
e coDiiî akes place m ainly  in the dyebath. 
;silior, Thus the overall process will be m ost 
bleaie'W'fficient when the  m axim um  am ount 
lined hbf dye is induced to go on the fiber in 
nyoo^he first n eu tra l-d y ein g  phase. C on- 
i0() cc) frequently in practice the  h ighest de- 

2BS tree of fixation will be produced by 
1 jjfixiilif'arrying out the first phase as cold as 
,j.jieifl_!.:3 conveniently possible, ie, room  tem - 

lerature. T here is then  no advantage 
yield to be obtained by raising the 

em perature afte r addition of alkali, 
t is theoretically  possible th a t an in - 

iytio” rease of tem p era tu re  at this point 
light perm it a reduction  in the  tim e 
f dyeing in the second phase, b u t the 

t̂inSi .̂uccess of this m an eu v er w ould de- 
■end on w hether liquor circulation is 
dequate to give level adsorption of 
ye at the increased ra te  of dyeing 
reduced by the h igher tem p era tu re  
since no m igration can take  place), 
uccess is also likely  to depend on the 
roperties of the p a rticu la r dyes in 

,0̂

Figure 3
Effect of pH on the fixation of several Procion Dyes

volved and, m oreover, the saving in 
tim e m ay be offset by the increased 
steam  usage. These considerations 
m ight well repay investigation by 
dyers u nder their own conditions, but 
as a general recom m endation the 
safest policy is to carry  out the whole 
dyeing at or near room tem perature.

Considering next the effect of a lk a
linity, a t any one tem perature, diffu
sion into the fiber is only slightly af
fected b u t the hydrolysis ra te  is 
increased w ith increasing pH. The 
percentage of dye fixed should, th e re 

fore, decrease w ith increasing pH. 
M easurem ents of percentage fixation 
against pH determ ined 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 m ore noticeable on cot
ton than  on viscose rayon and in all 
cases the optimum pH of fixation is 
lower on the la tter fiber. The de
crease in fixation w ith increasing pH

TABLE VIII

Fixation of Procion Dyes on viscose rayon at 
different pH values

( 1 . 5 %  d ye ,  3 0 : 1  l iquor ,  5 0  g / l  salt ,  d y e d  3 0  ruin wi thout  
alkal i ,  the n  9 0  m in  at indi ca ted pH,  all  at 2 0 ° C)

‘ c F ixation  a t

D ye pH  8.5 pH  9.0 pH  9.5 pH  10.0 pH  10.5 pH  11.0 pH  11.5 pH  12.0

Procion B rillian t Yellow 6G 50 58 62 62 59 - -

Procion Yellow R -- • - 75 80 81 80 80 79
Procion B rillian t O range G 68 76 78 78 76 —
Procion B rillian t R ed 2B 55 72 72 69 67 —
Procion B rillian t B lue R 35 62 70 69 66 —
Procion  B lue 3G 54 68 70 68 66

TABLE IX
Fixation o f Procion Dyes on bleached cotton at 

different pH values

( D a t a  as in T a b le  VIII )

D ye

Procion B rillian t Yellow 6G 
Procion Yellow R 
Procion B rillian t O range G 
Procion B rillian t R ed 2B 
Procion B rillian t B lue R 
Procion B lue 3G

35

F ixation a t

pH  9.5 pH  10.0 pH  10.5 pH  11.0 pH  11.5

17 27 34 35 31
65 76 79 75
61 72 75 72

52 59 58 54
55 61 56

36 54 63 63 56
48
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at the upper end of the range is in 
accord w ith  the theory  outlined above, 
bu t the  initial increase w ith increasing 
pH is not. The explanation  of this 
effect m ay be found in a m ore d e 
tailed  exam ination of the ra te  of r e 
action w ith  the  fiber, w hich has no t 
so far been exam ined over a range of 
pH. C learly , how ever, the  ra te  of the 
fixation reaction m ust be extrem ely  
slow in n eu tra l solution, since m ost of 
the dye can be w ashed ou t of the fiber 
if no alkali trea tm en t is involved, b u t 
on the o ther hand is very  rap id  at 
pH 10 as shown in Table I. A round 
pH 8, therefore, both the ra te  of fixa
tion and the  ra te  of hydrolysis m ust 
be slow, and in dyeings for a lim ited 
time, such as those form ing the basis 
of Tables VIII and IX, it m ay be th a t 
a considerable proportion of the dye 
still rem ains in the reactive form  a t 
the end of the dyeing operation. As 
the pH increases, m ore and m ore of 
the dye is e ither fixed or hydrolyzed, 
and the optim um  pH is the point at 
w hich all the reactive dye has been 
used up in one way or the o ther a t the  
end of the  dyeing period. F u rth e r  in 
crease of pH then m erely accelerates 
hydrolysis before the dye can get into 
the fiber. This view is supported  by 
experim ents in which the tim e of dye
ing was prolonged up to 6 hours after 
addition of alkali. The resu lts are 
shown in Table X  and F igure 4.

The resu lts show that, a t lower pH, 
the percentage fixation im proves w ith 
increasing tim e of dyeing, bu t the 
effect is negligible above pH  10.5. 
Given infinite time, the  fixation would 
presum ably increase continuously 
wdth 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 tem perature, and the  p a r 
ticu lar 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 
com bined w ith the fiber. The use of 
strong alkalies giving a m uch higher 
pH than  the optim um  is detrim ental 
in batch dyeing. Again this situation 
leaves scope for investigation by dyers 
u nder th e ir own particu lar conditions 
b u t is unsatisfactoi’y as a general

Figure 4
Effect of time on the fixation of 

Procion Blue 3GS

recom m endation. F o rtu n ate ly  the 
change of fixation w ith increasing pH  
is no t g rea t once the  optim um  has 
been passed, while m ost of the norm al 
Procion dyes show optim um  fixation 
in the sam e pH  range. C onsequently, 
it is possible to arrive  a t a sa tis
factory com prom ise and recom m end 
one general se t of conditions for batch 
dyeing. In  the  case of viscose rayon, 
the  use of sodium  carbonate as the  
alkali is satisfactory, b u t on cotton 
the pH of optim um  fixation is h igher 
and a stronger alkali, such as triso 
dium  phosphate, is necessary to ob
tain  m axim um  yield. Sodium  carbon
ate can be used in cotton dyeing if 
some loss in yield is accepted. P rocion 
B rillian t Red 2B is som ew hat anom 
alous in tha t it is m ore reactive th an  
the o ther m em bers of the range and 
can be fixed satisfactorily  at a low er 
pH.

It m ust be noted th a t all the  w ork 
described in the p resen t paper has 
been concerned w ith  the original 
highly reactive P rocion dyes. A  fu r
th e r range of dyes know n as the 
Procion “H ” dyes has now been m a r
keted, w hich are of a sim ilar type b u t 
w hich are less reactive. These “H ” 
dyes have g rea ter stability  in aqueous 
alkaline solution and in alkaline p rin t

pastes bu t in general require heatin 
in o rder to m ake them  react wit 
cellulose. C onsequently, the discus 
sion in this paper cannot be extended 
to cover the P rocion “H ” dyes.

CONCLUSION
C learly  m uch rem ains to be done in 

th is field and the  possibilities of fur 
th e r developm ent a re  great. Although 
the  theo ry  of dyeing with reactive 
dyes is still in a som ew hat elementary 
state, the  basic principles have beet 
uncovered and have resulted in the 
developm ent of a w ide range of nove 
and practical dyeing methods. Reac 
tive dyes go a long way toward; 
m eeting the ta rg e t of dyes for cellu
lose w hich com bine simplicity in ap
plication w ith  high wetfastness.

ACKNOWLEDGMENT
The au th o r’s thanks are due to H H 

S um ner and A M W ooler for the ex
perim ental data  included in this paper 
and to E A therton , who developed the 
modified diffusion theory  describee 
herein.

LITERATURE CITED

TABLE X
Effect o f Prolonging: Dyeing T im e on the F ixation of 

Procion B ine 3G at D ifferent pH Values
(Data  as in Table  VIII)

(1) V 'ickerstaff T , I  Soc Dyers Col 73, - 
(1957).

(2) Fow ler, JA , and P reston , C, Society of 
and Colourists Sym posium , lUixton, D- 
(forthcom ing publication).

See also p a tte rn  cards and technical literat“'’ 
issued by Im perial (Chemical Industries Ltd.

T im e of dyeing after 
add ition  o f alkali

%  F ixation  a t

pH  9.5 pH  10.0 p H  10.5 p H  11.0 pH  11.5

1 5 hours 40 53 62 'S 'K 61 56
3 hours 53 60 63 61 56
6 hours 60 62 62 60 55
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