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ABSTRACT

The adsorption of CI Reactive Red 120 and CI Direct Blue 1 on cellulose
which was reactively-dyed with reactive dyes having six and eight sulfonate
groups was examined at 80°C. Above a certain concentration of sodium
sulfate, the same saturated adsorption on the dyed cellulose as that of
undyed cellulose was observed. When all the dissociated groups were taken
into consideration, the values of — AW’ for the dyed cellulose were equal to
that for the undyed cellulose within experimental errors. Thus, it was shown
that only the anionic groups on cellulose had effect on the adsorption of
anionic dyes on cellulose, whether it was dyed or not. How the adsorption of
anionic dyes on cellulose on which the hydroxyl groups of cellulose and the
dyes dissociated depended upon pH was examined by simulation. © 1997
Elsevier Science Ltd

Keywords: Adsorption, reactive dyes, cellulose, anionic group, dissoci-
ation, hydroxyl group.

INTRODUCTION

Reactive dyes for cellulose have been designed to possess middle substantiv-
ity to attain high fixation yield and at the same time to allow removal of the
unfixed species to give high wet fastness. However, some usual reactive dyes
for cellulose have a low substantivity typical of acid dyes, while some dyes
have the high substantivity of direct dyes [1]. Since the reaction of reactive
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dyes with cellulose is almost always carried out under alkaline conditions,
both cellulose and the dyes used may be subjected to the influences of alka-
linity. Usually, under such alkaline conditions, the adsorption of dyes on
cellulose, the diffusion of dyes into and in cellulose, and reaction of the reac-
tive groups with cellulose and water may occur simultaneously. At the same
time, the functional (mainly hydroxyl) groups of the dyes on cellulose and in
the dyebath, and such groups of cellulose, may dissociate depending upon
the alkalinity. The unit processes of the reactive dyeing system under alkaline
conditions, may be analyzed by their model or simulation experiments.

Thus, some unit processes of reactive dyeing, such as the adsorption on
cellulose at high alkalinity of a model reactive dye which has no reactive
group [2,3], the alkaline adsorption on cellulose [2], the adsorption of reac-
tive dyes on reactively-dyed cellulose [4], the simultaneous diffusion and
reaction for various reactive dyes [5—11], etc. have been studied.

In the present paper, the adsorption of the anionic dyes, CI Reactive Red 120
and CI Direct Blue 1 on cellulose fixed with reactive dyes having six and eight
sulfonate groups is investigated to elucidate the co-ion repulsion effect on the
adsorption of anionic dyes. By a model experiment, whether or not the
effects of sulfonate groups in the fixed dyes on the adsorption of anionic dyes
can be quantitatively described by the Donnan adsorption theory combined
with the principles of electroneutrality is examined. Additionally, whether or
not the adsorption behavior of reactive dyes on reactively-dyed cellulose are
changed with the amounts of fixed dyes is also investigated. How the disso-
ciation of the functional groups of dyes influences the adsorption of the dye
with an increase in alkalinity is then analyzed by simulation.

EXPERIMENTAL
Materials

CI Reactive Red 120 and a monochlorotriazinyl (MCT) stilbene disazo dye
(Yellow), which were supplied by Nippon Kayaku Co. Ltd. and CI Direct
Blue 1, which was supplied by DyStar Japan Co. Ltd., were used. Their
chemical structures and CI Generic and Constitution Numbers, if available,
are shown below:

1) CI Reactive Red 120, CI 25810

SO;3Na NaO;§

O ';1 O *;;:;.@
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2) A MCT stilbene disazo dye (Yellow)

H;NOCHN
NaOss 2NOC SOsNa NHCONH,

B e e e

Na0,§ SOyNa
c:

3) CIDirect Blue 1, C1 24410

H;CQ OCHs;

HN  HO OH NH
s L -Cm o ‘I
NaO,S SO;3Na

These dyes were purified by the previously reported method [1]. Cellulose
film (Futamura Kagaku Kogyo K.K., #300) was used after scouring in
boiling water for more than 2 h. The reactively-dyed cellophane (two levels
of concentration) were prepared by immersing cellophane films in an alkaline
solution (pH 11.2) for 2 h at 80°C after the equilibrium adsorption of Yellow
or CI Reactive Red 120 from the neutral dyebath. After fixation, thorough
washing with boiling water was carried out to remove the unfixed dye.

Procedure

The cellulose films were dyed at various concentrations of dye and salt at
80°C and pH 6.8 to attain the equilibrium adsorption. The concentration of
dye adsorbed on the films at equilibrium and that of the residual dyebath

after dyeing were determined from the absorbance using a V-550 spectro-
photometer (Jasco Corp).

THEORETICAL
Symbols used

Suffixes, f, s, and i, denote the phases of cellulose (fiber), the dyebath (sofu-
tion), and the inner surface of cellulose, respectively.

an Activity of dye anions in the n'" phase
C Amount of dyes determined on cellulose (mol kg—')
Cy Total concentration of dye on cellulose

=[D*],+ [DZ"]f(mol kg™
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Total concentration of dye determined in the dyebath

= [D77], + [D?-], (mol dm™)

Concentration of carboxylato ions in cellulose

(40 mmol kg—")

Concentration of fixed dye anion having N anionic groups
in cellulose (mol kg=!)

Concentration of cellulosate ions in cellulose (mol kg—1)
Concentration of dye anion having Z anionic groups in the
n'® phase (mol dm~3 for solution phase and mol kg~! for
solid phase, respectively)

Concentration of glucose unit (4.57 mol kg™!)
Concentration of hydrogen ions in the n't phase

(mol dm~3)

Acid dissociation constant of hydroxyl groups of cellulose
(1.84x10~# at 20°C)!2

Acid dissociation constant of functional groups of dyes
Ionic product of water (6.87x 10713 at 20°C)
Concentration of sodium ions in the n'* phase (mol dm—3)
Concentration of hydroxide ions in the n™* phase

(mol dm~3)

Gas constant

Sum of the concentrations of sulfate and carbonate ions in
the n'® phase (mol dm—3)

Absolute temperature (K)

Internal volume of cellulose (0.45 dm? kg~!)

Charge number of dye anion (Total number of the sulfonic
and carboxylic acid groups)

Charge number of dye anion after additional functional
groups dissociated

Difference of the standard chemical potential of dye
anions with Z charges between the fiber and dyebath
phases (kJ mol~!) (In text, suffix D?~ is omitted)
Chemical potential of dye anions in the n'® phase in the
standards state

Values of —Apu® for reactive dye on reactively-dyed cellulose from aqueous
sodium sulfate and carbonate

The differences, —Apu®, between the chemical potential, u°, of an anionic
dye in its standard state on the fiber and the corresponding chemical poten-
tial, u?, in its standard state in the dyebath, or so-called standard affinity,
are given by eqn (1) [13, 14]:
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D% 1 INat z yZ+1
_auS, = —(u— i) = RTIn Y = R AN

1
as [DZ-],[Na*]7 W

where the activity coefficient of all the ionic species is assumed to be unity
and V is the internal volume.

Further dissociation of functional groups of dye in solution

If at an alkalinity the functional groups in the dye molecule dissociate, the
dissociation equilibrium may be described as eqn (2):
D~ = D%~ +Ht 2)

where the acid dissociation equilibrium (2) is defined by eqn (3).

p _ [DZ7][H'],
k=7, )
and usually,
Z'=Z+1 (4)

If the activity coefficients of all the species are assumed to be unity, the stan-
dard affinity of dye anions whose functional groups dissociated is given by
eqn (5):
r_ zZ 4
[DZ ]f[Na+]f /VZ +1
[DZ-],[Nat]{

—ApY, =RTIn (5)

In eqn (5), [DZ"]f and [DZ"]S cannot directly be determined, but their
total concentrations, Crand C, can. This problem is discussed later.

Electroneutrality conditions

In water-swollen cellulose, the principles of electroneutrality may hold as
follows:

VINa*], + VH'], - 2V[SO} ], - V[OH ], — Z[D” |, — Z[D? "} -
[Cell — COO7], — [Cell — O], — N[Cell — DY~} — N'[Cell - DY~], =0
©)
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According to the Donnan membrane equilibrium theory, the activities of
sodium sulfate, sodium carbonate, and sodium hydroxide in both the phases
may be assumed to be equal to each other; viz., eqns (7) and (8).

[Na*[;[SO37], = [Na']?[SO; ], )

[Na+]s[OH_]s = [Na+]i[OH_]i (8)

where the concentration of carbonate ions is added to that of sulfate ion;
thus, that of sulfate ion denotes the sum of their concentrations.

By combining eqn (6) with eqns (7) and (8) and rearranging, a cubic eqn
(9) with [Na™]; is obtained:

(1+ Kw/[Na*|,[OH"])[Na*])} — V-'{Z[D*],+ Z'[D”7),
+[Cell - COO™],+ [Cell - O], + N[Cell — DN*]
il

+N'[Cell — D)"],}[Na™]? — ¥[Na*],[OH ] [Na'], — 2[Na*]}[SO; ], = 0
(

9)

In principle, the solution of the cubic eqn (9) gives [Na*],, but since , (9)
contains several unknown parameters, no value of [Na*], can be directly
calculated.

RESULTS AND DISCUSSION

Adsorption of anionic dyes on reactive-dyed cellulose from the neutral dyebath

Adsorption behavior

As the first model experiments of the reactive dyeing system, the adsorption
of anionic dyes on cellulose films with which CI Reactive Red 120 or Yellow
reacted evenly was examined at 80°C. The adsorption isotherms of CI Direct
Blue 1 and CI Reactive Red 120 on undyed and reactively-dyed cellulose
films are shown in Figs 1-3. The amounts of dye adsorption on reactively-
dyed cellulose were decreased by the repulsive effect of the sulfonate groups
of the reactive dyes fixed previously. Thus, the larger the amounts of fixed
dye and the lower the ionic strength, the decreasing tendency in the adsorp-
tion becomes more strongly apparent, compared with the case of undyed
cellulose. Although the apparent substantivity of CI Direct Blue 1 was
decreased with an increase in the amount of fixed dye, this dye showed the
same saturation value on reactively-dyed cellulose as that on original
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cellulose, as shown in Figs 1 and 2. CI Reactive Red 120 showed the same
behavior as that of CI Direct Blue 1 in the adsorption on cellulose which was
fixed evenly with Yellow, as well as in the saturated adsorption (Fig. 3). CI
Reactive Red 120 and Yellow had no different influence on the adsorption of
CI Direct Blue 1 on cellulose reactively-dyed with them, in spite of the
number of sulfonate groups.
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Fig. 1. Adsorption isotherms for CI Direct Blue 1 on undyed (A) and reactively-dyed
cellulose films with CI Reactive Red 120 at concentrations of 0.00265 mol kg™! ([J) and
0.0163 mol kg™ (O) at 80°C, pH 6.8 and 0.133 mol dm™> of Na,SO,.
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Fig. 2. Adsorption isotherms for CI Direct Blue 1 on undyed (A) and reactively-dyed cellu-
lose films with Yellow at concentrations of 0.00219 mol kg™! ([J) and 0.00831 mol kg™' (Q) at
80°C, pH 6.8 and 0.133 mol dm™3 of Na,SOj,.
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Cx102,/mol kg™

Cx10%,/mol dm™

Fig. 3. Adsorption isotherms for CI Reactive Red 120 on undyed (A) and reactively-dyed
cellulose films with Yellow at concentrations of 0.00219 mol kg™! ([J) and 0.00831 mol kg™'
(O) at 80°C, pH 6.8 and 0.333 mol dm™ of Na,SO;.

Values of —Au°

As mentioned above, the values of —Au® for these dyes on undyed and
reactively-dyed cellulose can be estimated by eqn (1) on taking the effects of
sulfonate groups of the fixed dyes into consideration. The relationships
between —Au® and C on undyed and reactively-dyed cellulose for CI Direct
Blue 1 and CI Reactive Red 120 are shown in Figs 4 and 5, respectively. The
values of —Au? for these dyes were dependent upon the amount of the dyes
adsorbed on cellulose, but independent on the amounts of CI Reactive Red
120 and Yellow which were fixed previously. Moreover, the changes in the
values of —Au® on reactively-dyed films with the dye concentrations were the
same as those on undyed films. In the range of concentrations of salt and dye
where saturated adsorption occurs, the decreasing tendency in the values
of —Au?® for two dyes on original cellulose was observed to be similar to that
on reactively-dyed cellulose.

The repulsive effects on sulfonate groups of the fixed dyes, therefore, could
be completely described by the Donnan adsorption model where the elec-
troneutrality was taken into consideration in both the cellulose and dyebath
phases. Their influences did not depend upon the kinds of reactive dyes, but
on the number of sulfonate groups in the fixed dyes, although the influences
became larger with a decrease in the salt concentration in the dyebath.
Moreover, within the experimental conditions examined, the amount of fixed
dyes on cellulose had no influence on the values of —Au® and the saturated
adsorption values of anionic dyes.
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Ionic interactions in the adsorption process must exist between dyes hav-
ing several sulfonate groups, since an apparent decrease in the adsorption
with an increase in the amount of fixed dyes was clearly found, while the
values of —Au® remained constant, as noted above. However, Harada
et al.[4]investigated the levelling property of reactive dyes containing one and
three sulfonate groups on undyed and reactively-dyed cotton, and reported
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Fig. 4. Relationship between —Au® and C for CI Direct Blue 1 on undyed (A) and reactively-

dyed cellulose films with Yellow at concentrations of 0.00219 mol kg! () and 0.00831 mol

kg™' (@) and with CI Reactive Red 120 at concentrations of 0.00265 mol kg™' ([7) and
0.0163 mol kg™! () at 80°C, pH 6.8 and at 0.133 mol dm™3 of Na,SO,.

-Ap®/%J mol”!

35

30

25

20

_%@Ao oo

nd
(o) rJOA

OA

°R

s A

1 1 L
0 05 1.0 15 2.0

Cx102,/mol kg

Fig. 5. Relationship between—-Au® and C for CI Reactive Red 120 on undyed (A) and reac-
tively-dyed cellulose films with Yellow at concentrations of 0.00219 mol kg! ([J) and
0.00831 mol kg™! (Q) at 80°C, pH 6.8 and at 0.133 mol dm™ of Na;SO,.
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that a dye with one sulfonate group showed no decrease in the apparent
substantivity in the adsorption on reactively-dyed cotton. Other factors, such
as swelling of reactively-dyed cellulose, may contribute to the adsorption.

Simulation of adsorption from the alkaline dyebath

The conclusions derived by the model adsorption experiments may be
extended to analyze the adsorption of dyes under alkaline conditions. Since
such functional groups in cellulose and dyes as hydroxyl and imino groups
may dissociate under alkaline conditions, depending on the dissociation
constants of the groups, the anionic character generated may influence the
adsorption behavior of dyes as a result.

In fact, Sumner [2] investigated the adsorption of sodium hydroxide on
cellulose and then the adsorption of a model anionic dye which had neither
reactive nor dissociable functional groups on cellulose under alkaline con-
ditions. Taking the dissociation of hydroxyl groups of cellulose into
consideration, the values of —Au® for the model dye on cellulose at high pH
were found to be constant over a wide range of pH.

In a series of studies on the reaction accompanied by diffusion for various
reactive dye ranges, the present authors [7, 8] reported some unusual beha-
vior, such as a decrease of the surface concentration of reactive dye with an
increase in pH, besides decrease in adsorption [2] due to the dissociation of
cellulose hydroxyl groups, and a decrease of adsorption by alkali addition in
batch-wise reactive dyeing [15].

Calculation of the amount of adsorption

In order to take into account the effects of dissociation of, for example, the
hydroxyl groups of cellulose and the dye into consideration, and to analyze
the adsorption of sodium hydroxide and the dissociated dyes on cellulose,
the following assumptions were made:

(i) the values of —Au® for the original and dissociated dyes are the same
as each other, where the acid dissociation constant of the dye is K.

(ii) the ionic product of water in the inner surface of cellulose is the same
as that of bulk water.

(iii) one of hydroxyl groups in each glucose unit dissociates in the inner
surface of cellulose, whose acid dissociation constant is K.

On the basis of these assumptions and the given parameters, i.e. all the
concentrations of species in the dyebath and all the values of —Au? and acid
dissociation constants, a simulation (or a calculation) of the adsorption of all
the species on cellulose at pH 7-12 and 20°C, was carried out.
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Calculation of {Na™];

a) [D%")
When the ratio of the concentrations of sodium ions in the two phases is

defined by eqn (10):
[Na™};

N R

from eqns (1), (3) and (5), the ratio of [DZ‘]f/ [DZ"]f in the fiber phase is
given by eqn (11):

[DZ—]f _ [H+]sy exp —Au%z_ + AMODZ/_ ()
[DZ-],  KP RT
Then, according to the assumption (i), [DZ‘]f is given by eqn (12):
_, _[HT][D7)
(D7), = —KT—fJ’ (12)
a

On the other hand, assuming that [Cell — D}~], = [Cell — D}~ =0, [D*7],
is obtained from eqn (6), if [H*], and [SO} ], are known, obtained as below.
Thus, from eqns (8) and (10), y is given by eqn (13):

_[Na™], [OH7]; _K./[H] _ [H']; (13)
[Na*], [OH7], K./[H'], [H'],

1

y

where assumption (ii) was used in the derivation. When [H*|, is written as a
function of [OH™], and y by eqn (13) and similarly [SO3~]; as that of [SO}7|¢
and y by use of eqn (7), they can be written, respectively, as eqns (14) and
(15)

[H*]; = Ky/[OH]; (14)

[S037]; = [SO3 71,/ (15)
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When [D? ~] from eqn (12), eqn (4), and eqn (15) are introduced into eqn
(6), by rearrangement, [DZ‘]f is then given by eqn (16):
[DZ— ] =
V[Na®]y — 2V[SOZ"].y~2 — [Cell — COO7|, - VIOH™],y~! — [Cell - o7,
K2 - K2 -
2(1+ @) !

(16)
where the total concentration of sodium ions in the dyebath is given by
eqn (17):

[Na*], = 2[SO;?|, + ZC; (17)
In eqn (16), since the carboxyl groups of cellulose may be regarded as
dissociating completely, the concentration is a known parameter. In this

stage, the unknown parameters in eqn (16) are y and [Cell — O7 ], the cal-
culations of which are noted below.

b) Calculation of y
From eqn (3) [D%7], is rewritten as eqn (18):

[DZ—] _ CS[H+]s

TP i

and then, from eqn (1), [D%7], is given by eqn (19):

1 \? 0
D% = V(ﬁ?ﬁ) 07, exp( - 525 (19)

By introducing eqns (13) and (18) into eqn (19), eqn (19) becomes egn (20):

_ 7 CsH7] Apd,.
z o VA s s _ D
D™=y kP + {1, P ( RT ) (20)

On inserting the value of —Au® determined previously, the values of y can
be numerically determined so that eqn (20) =eqn (16), into which an equation
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for [Cell — O7], as a function of [OH |5 and y (i.e. eqn (24), see below) was
introduced. The values of [D?~], can be then obtained, since the value of
[Cell — O7]; can simultaneously be determined by the calculation.

Thus, using this calculation, the value of y can be determined, from which
that of [Na™]; can be obtained using eqns (10) and (17) by use of the value of
[Cell — O™ ], mentioned below.

Calculation of Cy

When the value of y is determined, the value of [DZ~].is also obtained. Since
[DZ'_]f is obtained from eqn (12), Cy as a function of [H*], and y is given by
eqn (21):

D
Cr= D"+ {DZ"]fz [DZ“]f<1 +[H—Ii]—y) (21)

This functional relation has been already used in the derivation of eqn (16).

When [H*], < K2, the corresponding equations for [DZ "] s of eqn (16) and
eqn (20) can be written instead of [DZ] » from which the value of (D] |- can
be obtained by the same procedure.

Calculation of [Cell — O7];

According to assumption (iii), the acid dissociation equilibrium for cellulose
hydroxyl groups in the inner solution of cellulose is defined by eqn (22):

_ [Cell - O7),[HY],
Ko = V=T[Cell — OHJ,

(22)

After rearrangement, the concentration of cellulosate ion is given by eqn (23):

. G-KS
(Cell =07}y = ke (23)
Substituting eqn (14) for [H*|, in eqn (23) gives eqn (24):
[Cell - O], = G K (24)

yK,./[OH™], + K¢
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Since at pH=7, the value of [Cell — COO"]f may well be regarded as
being constant due to complete dissociation, the ratios of [Cell — O~ I/
[Cell — COO™|, can be obtained from eqn (24).

Since Neale [12] determined the value of K¢ only at 20°C, the other
constants measured at the same temperature can be used, and the values of
[Cell — O], are calculated as the values at 20°C. In order to estimate a value
at dlﬁ"erent temperature, the determination of KS and KD at such tem-
peratures is required. For example, if the value of [Cell - O7],/[OH | at
80°C is calculated with values of Kf at 20°C and Ky at 80°C, it becomes less
than 10.

Analysis of a decrease in the adsorption with an increase in pH

Dissociation of cellulose hydroxyl groups

Since the adsorption of the active species of reactive dyes on cellulose could
not be experimentally determined under alkaline conditions, a simulation
experiment on the adsorption of hypothetical dyes on cellulose was made.
The effect that the dissociation of the cellulose hydroxyl groups had on the
adsorption of the dyes on cellulose was initially analyzed.

For dyes whose —Au® values are 5 and 30 kJ mol~! (the values of —Au®
for reactive dyes may be in this range) [1], the values of Cr were calculated as
a function of pH from eqn (21) at 20°C. The dyebath conditions and the dye
properties are shown in the figure caption of Fig. 6. The results for the
adsorption of dyes whose pk? > 14 are illustrated as curves II; and II; in
Fig. 6. In order to illustrate the results in the same ordinate, a dyebath of a
very low concentration was used for a dye having high affinity. Since
dyes with a value of pK? >> 14 do not dissociate, the value of [D%~] /C; (cf.
eqn (18)) is always unity. A decrease in the adsorption for the dyes occurs
due to the dissociation of hydroxyl groups of cellulose only above pH 10.5.
These phenomena are discussed below.

In order to represent an increase of cellulosate ions, the ratios of
[Cell — O7]/[Cell — COO~], were calculated by eqn (24) as a function of pH,
and are shown as curves: 1111 at 1=0.133 mol dm—3 and III; at I=1.00 mol
dm—3. Since [Cell — O‘]f depends also upon the ionic strength of the dye-
bath, a decrease in the adsorption at higher ionic strength occurs at higher
pH than that at lower ionic strength. Above pH 10.5, the values of [DZ‘]f
and the ratios of [Cell - 0] f/ [Cell — COO™], were inversely changed relative
to each other with increase in pH. The ad/sorptions of anionic dyes were
inversely proportional to the amounts of dissociation with an increase in pH,
implying good reciprocal relationships between II; and III; and between 113
and III;. Thus, below pH 10.5, there may be no influence on the adsorption
of a reactive dye by the effects of dissociation of the cellulose hydroxyl
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[Cell-07); / [Cell-COO),

C¢/ 107 mol kg

DL/ C

Fig. 6. Simulation of adsorption of hypothetical dyes (Z=2) on cellulose. Symbols used for
illustration in figure and the values of parameters used for the calculation.

Dye  Dye properties  Dyebath cond. [D%"),/C,  C/™* [Cell = O™,/
[Cell ~ cod",
__AMO"I pKaD CS‘Z 1“3
i 30 >14  4x1077 0.1333 (l 0) 11, 111,
2 30 8.5 1L,
3 5 >4 1x107? 1.000 (1 0) 11 11,
4 5 8.5 Is 11,4

*1kJ mol~!; *?mol dm~3; "*Tonic strength of dyebath (mol dm—3); *4mol kg~!

groups on the adsorption. If reactive dyes have no additional dissociation
groups other than sulfonate groups, the adsorption on cellulose may show
no pH dependence below pH 10.5. Thus, usual reactive dyeing under
alkaline conditions should be performed at pH 10.5, or at pH a little higher
than 10.5.

Dissociation of functional groups in dyes

In order to demonstrate a decrease in the adsorption in weakly alkaline
region with an increase in pH [7, 8], the effect of dissociation of such func-
tional groups in the dye as the hydroxyl groups of the H-acid residue
was analyzed. Assuming that pK? of the hydroxyl groups is 8.5, and
according to the assumption (i), the ratios {[D%~] /C; in the dyebath were
calculated as a function of pH by eqn (18) and are shown as curve Is. The
total adsorption of both the species, Cy, calculated for dyes with —Aud
values of 30 and 5 kJ mol~! by eqn (21), is shown as curves II, and II,,
respectively, in Fig. 6. When the value of —Apu? is high, the influence of the
additional dissociation of the dye on the adsorption is evident, as shown



76 S.-H. Bae et al.

by II,, even though the dissociated species have the same affinity. In cases of
dyes with low affinity, only a gradual decrease in the adsorption is observed,
as shown by Il,.

When the dissociation groups, such as the hydroxyl groups in the dye, are
dissociated, the co-planarity of the dye may be lost, and the assumption of
the same affinity may become invalid, although similar simulation can be
made if the value of —Au?® for the dissociated species is known. As the result,
the decreasing tendency of adsorption may become larger. Moreover, after
the fixation, the dissociation or the increase in the anionic character of the
dye in cellulose may have a larger influence on the adsorption of the dye.
Reactive dyes need to possess larger values of pK? in order to attain a high
fixation ratio, which may be also improved by *“‘sophistication” of the dyeing
procedure.

A decrease in the adsorption with increasing pH in weakly alkaline region,
which was found for CI Reactive Orange 1, Red 1, Red 2, and Red 8
(dichlorotriazinyl dyes) [7, 8] may be attributed to this additional dissocia-
tion of these dyes, because they have considerable substantivity to cellulose,
as noted above.

SUMMARY

The adsorption of CI Reactive Red 120 and CI Direct Blue 1 on cellulose
reactively-dyed previously with reactive dyes having six or eight sulfonate
groups showed not only the same saturated adsorption, but also the same
affinity, as those on undyed cellulose. Although the apparent substantivity
was decreased due to the ionic repulsive interaction with increase in the
amount of fixed dye, the adsorption was described by the Donnan membrane
equilibrium theory combined with the electroneutrality in both the phases.
With increase in the pH of the dye-bath, the hydroxyl groups of cellulose and
dyes may dissociate to reduce the adsorption of reactive dyes. A decrease due
to the dissociation of cellulose occurs at pH > 10.5, and that due to the dis-
sociation of specific dyes may occur in the weakly alkaline region.

An apparent decrease in the adsorption of reactive dyes on cellulose
occurred by the ionic repulsive interaction of the dissociated groups at
pH = pK¢ or pK? — 1.5, but their affinity to cellulose was constant.
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