dyeing a hydrop

CHAPTER 2

THEORY

2.1 MECHANISM OF DISPER:

T7
When a i ;

“ER _AND DYEING (20,22)
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i¢ded to the dyebalh for
Lhe dye is in excess
of its solubi
dyebath in th
micelles, and i \ \\ bl
dispersed), the )

dye 1s present in Lhe
lved dye, dye in Lhe
dye but [flinely

: being delermined by the

solubility of Lhe P waty ;X Lhat teﬁperature, can be
written diagrammalical 3 cing in equilibrium as shown,'
below (22).

sol ﬂ— ; IDF Dyed issolved
g Tfﬁ DINBL, e ot o
dissolved @ El e into Lhe narrow

pores present in the ®fibre stmucture afd gels attached
there wawa ﬁnﬂﬁwu“qq w El,q augenl.rahlon of
the dl ssolved dye in the dyebath decreases and more and
more dispersed dye particles break up Lo be in micelle
form, and eventually absorbed by Lhe fibre. The dye in bhe
micelle therefore, may be considered Lo acl as a reservoir,

which replenishes the dyebath, when it is depleted by
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dyeing. Since Lthe dyeing occurs via Lhe soluble dye, it
is Lo be expected that Lhe ease of dyeing bears some
relation to the solubilitys; in general tLerms, lower
solubility resullts in a lower rate of adsorption but the
reverse may not necessarily be true since Lhe rate of

diffusion into the (fibr will Dbecome Lhe controlling

w
'yy/no advanlage in increasing

4‘—

Since du;p7 ) a solubililbly in water,
i.e., since it 1g ,;\\ hydrophobic nature,
€ i ‘.I % | ) -

"factor and tLhere ap

the solubility above

Lhere is an i dissolved dye Lo

leave the aque iydrophobic [ibre when
present in tLhe aceept Lhe dye molecules
similar to the dye is exblracled by a

suitable solvent.

The rate dro hobic fibres wilh

disperse dyes Wdepends oo the —“feppesdture of the dyebath
V. o)

and Lhe type Gf r sed. The dispersing
lction of the dye and

increase Lhe olub(l%t L water (Table 2.1) (20).
With  an ﬁfx Wﬁ’] 5 the solubility

increases (%Lble 2:2) (%Q) The fore, solubilising

reen 9O ST UE B JHAE Beraare

less médrked. As a direct consequence of the solubilising

agents assist she parLicle size red

action of Lhe dispersing agent, the adsorption of large
particles of Lhe dye onto the fibre surface is effectively
prevented. This, in LlLurn, facilitates Lhe produclion of

level'dyeing.



19

»
Table 2.1 Solubilities of three disperse dyes at 25 °C in
water and two 0.5 % solutions of dispersing
agenls (20)
solubility (mg/s1)
Dyes -
*¢== odium oleyl-| sodium
i“‘ p-anisidine oleate
A | 1phondt.e
4-nitro-4’-ami 60 26
4-nitro-4’-pheny 46 17
aminoax
1,4—diaminoanthraq! uv 34
-
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Table 2.2 Solubilities of some disperse dyes (22)

solubility in
Dye waler (mg/1)
| - 8870 |7 an"e
Azobenzeﬁe : ) S 5
4—Aminoazobenze7' : ~ 32 I 3830
4-N-Ethyl-n-(p- ' WIS 0.3 7
zene
4-N-Di(p-hydrox x '; ; ﬁﬁh\kﬁ:\» ne 0.4 18
2-Aminonapthalen | <02 1.9
l1-Aminoanthraquin 0.4 9
1-Amino-4-hydroxy- ! 0.2 .8
1-N-Methy lamino-4-N- o <0.2 £0.8
) i inone
1-N-Methylanifeo—d-hydroxy SN pethyizwifio| <0.2 <0.2
V .

W AU AN DS v orstion o

the dlbbolald dye by g4the flb surface resultb in the
s ) B HHARE T o o0
surfacd] layer of the fibre. Along with further ddsorptlon,
another process starts, in which the adsorbed dye diffuses

from tLhe fibre surface into the fibre structure towards
the centre. This diffusion process continues until Lhe

fibre is uniformly dyed, provided sufficient time is given.



Thus dyeing ‘may be considered as a process of dye
transfer from a liquid solvent (water) to a solid organic
solvent (fibre) and the dyeing is considered Lo take place
in the following simultaneous steps:

(1) the convective transfer of dye from Lhe bulk
of the liquor to the fibre

C2) adsorption : & dissolved dye from Gthe
solution onto the fi ac J‘!‘

(3) difft ed dye from Lhe fibre

surface into the intess ; he Lowards Lhe centre.

The fir dispersability and

solubility of by the presence of

dispersing agents rise in temperature,

and it 1is not inf QDQ.H&?, fibke characteristics. The
second slep, considered to occur
instantaneously so in the liquid adjacent to

the surface is_ i equilibri gith that adsorbed on the

fibre surface f*g ;Tf_ffffwfqgg“"_“:?- the concentration
(or solubility) Fibre and that in the
'dyebahh of thCEr Lheir  ratio is determined as partiltion
coefficient f%f by the latter).

The dlffllblﬁﬂﬂﬁﬁﬂyl Nmﬂﬁe is very much
lower than hat throughs the and hence it may be

e & VAT ABREEN L

When equilibrium dyeing 1is reached, Lhe following

subsidiary equilibria are established.
{13 Dye dispersed in the bath &= Dye dissolved
in the bath
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(2) Dye dissolved in the balh —= Dye adsorbed on
the fibre

- (3) Dye> adsorbed on the fibre &= Dye diffused in
the fibre

ility of the dye and Lhe

' ibre which are Lhe two
\ dyeing process a
%centag& exhaustion of

lyeingecharacteristics of Lhe

If the aqueous
diffusion of the
important. factors
affected, Lhe ra
the dyebath and

Adsorption J' Srms e curves obtained by

plotting the dye fibre, ([D_1, againsti

the concentration
-t F

@nmmzfmw 41N
amaaaﬂ SUUBIINBAA e wiio

conblder he partition of a solute between two immiscible

in solution, ([D_1, at
constant Lempe essentially, into

of a different

three categori

phenomenon which

solvents. In this case £p_3/Cdb_1 = K, where K is the
partition coefficient. This equilibrium is often referred
“to as the Nernst distribution. When [D_3 is plotled

against (D_1 at constant Lemperature the curve is a
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straight line which terminates alt the point when bolh Lhe
fibre and Lhe dyebalh are saturated (Figure 2.1). There are
slight deviations from Lthe linearily of Lhe "curve,
particularly as Lhe solutions become wore concenlrated or
large dye particles which have lower solubility are

present in Lhe dyebalh. isolherm is essenlially found

in the case of Lhe & f disperse dyes in aqueous

[pl¢

e <

J

piin.e. ﬂuﬁqﬁgﬁfw JINT

A ﬂﬂ%‘ﬂ‘iﬁw%ﬂ PRIV e vhere o

a defihite nunmber sites within the [fibre which can
enter into combination with the dye, Na_D, Lhe stale of
affairs which exists with Lhe protein - fibres. ‘If it iS
assumed Lhat Lhe cations present in‘ solutbion are

independently adsorbed by Lhe carboxyl groups, and Lhe
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anions by the amino groups, then
—ax” = RT 1nCe_/(1-0_)1Ce, _/(1-0, )17 - RT 1lnlNal_~CD1_ (2.1)

when, in this case, Na is the cation. If it is assumed

that Lhe fibre (conLains an equal number of positive and

negaltive sites, and he !ﬁf: is derived from a monobasic
| —

—apn” = 2l 94 (1=0)3 = ZRT 1nlDI, + -}

acid, the equation (2eId becof

where ¢ is Ll - Lhe fibre which are

occupied. In is plotted against
_ %
(V| the curve Mh with the ([D_1 axis

lown in Figure 2.2.

when all bLhe sites

[pl¢ F
qn°

[plg

"Figure 2.2 Langmuir isolherm (24)
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8. Freundlich isotherm is applicable Lo. the
adsorplion of direct and val dyes by cellulosic fibres. In
this case Lhe attachment is not at specific sites so Lhal
there 1is no stoichiomelric limiting faclor. If attachment
is  brought aboul by hydrogen bonds and physical forces the
limitation is the avails surface within Lhe pores. The
adsorplion 1is rapid ause Lhe siles are easily
accessible but  Dbecom Yo ﬁe dye molecules have Lo
seek out Lhe more FEWOLE-poinbs oL dtlachmenl. The CD_1/CD_]
curve, Lherefore, : y"“\\iﬂe nor does it reach

» a point at whichs#. acomes ﬁ§§@~g\1 with the horizontal
axis, as shown Il Fd
[l | !
-

ANEINENTNEINS
AU AATINGAE

Figure 2.3 Freundlich isotherm (24)
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2.3 KINETICS OF DYEING OF DISPERSE DYES

2.3.1 RATES OF DYEING

The rate of dyeing with disperse dyes or

)

ef i

the speed of dye uplak

be expluined by wany Lerns,
1

Lhe Lerw of Lime of halfl-
soLhe Liwme al which halfl

but the preferably e :
nt is uplaken by Lhe

dyeing (t ) whic

i/

of Lhe equilibrium
fibre (Figure abion of dye in Lhe
balh do nol wodi f 2 dyeing. Addilions of

dispersing agenls 2quilibrium dye uptake

and Lhe rale 3 2). A reduclion in
exhaustion occurs Lhed dispe: § ugenbl concenlration
show an increase in

iranol Blue 2G bulb a

increases; the Gi

rabe  with the r

100

UHANENTNYING

.Ifi ]
VHANIUNRIINYIAY

_Dyeton fibre ( %)

p o o= o -

0 ‘
, 4

S e e

Time

Figure 2.4 _Tiﬁe of half-dyeing (22)



agenl reduces the effec

2
decrease with the wmore soluble Dispersol Fast Scarlet B
and Serisol Fast Red 2RD. In the former case, the increase
in rate 1is considered Lo arise from the increase in Lhe
rate of solubilisation of the dye particles; wibth the

latter being relatively easy Lo dissolve, the dispersing

. dye concentration in solulion
as a result of th micelles presenlt, Lhereby

reducing the diffusi

Table 2.3  Effect #pfidcrbasing Milounts of Lissapol LS on
74 gk Tdcetate at 80 “c (22)

Lissapol ¢ ;- ‘Dispersol Fast Serisol Fasl
LS Red 2RD :
(g/1)
55— Ll,a %Exhaus -~
( “ C’-.-_-E-'“ ——— ‘*‘—-'f-j (min)| tion
4 74
14 50
1.9 s 50.5
20%) W']@ﬂ ?ﬁu }Wﬂ ) V]El']ﬂ ¢
3 |

¥ Sufficient to give approx. 50 4 exhaustion at equilibrium.



28

2.3.2 DIFFUSION (22,24,25)

At the Dbeginning of tLhe dyeing process, the
dye is distributed non-uniformly through Lhe subslratle
with a high concentration at the surface and a 2zero

concentration inside. concentration gradient is

therefore set up w Lhe dye Lo bLransfer ibself

egions of concenbtrabion.

iB dm:s of Fick’s Law which
‘ -

@_\.Wa%:moles/unit area/ unit

from the higher
This behaviour i
states that the

time) 1is proport iénal tgradent of concentration and

¢C2.3)
where dQ/dt rial crossing unit area
during the tinme 18 egual to Lhe flux J, D
is the diffusion is the concentration at

any point (11‘&:2:::§==-ﬂﬂw—="ﬂ-ﬁﬂ-;§;. namely Lhe amount

of material ST OS5 : ﬂin unit Lime under

unit concentral id gradient

-~ f UBINUNINYING. o o s

with which Lhe dye mole€ules move, under Lhepaclion of unit

rorce QW'W\WWNW]'}J%HQ@%I and also of

Lhe p FWEdblllLy of the fibre. The smaller Lhe dye
molecule the mwmore readily will it diffuse, and Lhe more
porous the fine structure of the fibre Lhe easier will be

the passage of Lhe molecules of the dye.
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In eqn. (2.3), the force responsible for the
flux, namely concentration gradient, has been tLaken as
"ideal"; a more correct assignment is given by Lhe gradient

of chemical potential, i.e.

J = =-D°C(Bus/dX) (2.4)

where »" is # _diffusion coefficient.
Substituting for ) 'c&ntial a ti.e. m = u° +

(25)

If In a is is Lhe activity

coefficient, egn.
¥/81n C))(3C/3X) (2:8)

The effect of Y fucing Hi =ided]l behavior into eqn.
(2.4) is to
on the Lhermodigamlc D Pres. W@ah Lhe disperse dyes,
as Jjudged Dby th“gguilibriuujdata which indicate apparent

"ideal® beﬁvu\ﬂqm E}ﬂfj“eﬂ{é}ﬁ?d that v may be

equated to Qunity and hence diffusion follows essentially

AT ITING8Y

2.4 EFFECTS OF TEMPERATURE (20,22,24,25)

Bd measured D depends

In common with most processes, a rise in Lemperature

-

increases Lhe rate al which Lhe dye is adsorbed (Figure
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2.5). The effects of temperalture changes are normally
expressed in bLerms of Lhe aclivation energy of Lhe process.
The changes in diffusion coeflicient (D) are Lhen

described by eqn. (2.7)

"“’” (2.7)
where aE is the_a8 ion/ﬁ i.e. the difference in

energy belween ¢ Voat ¢ }M)?“ﬂies and Lhe remainder of
those in solulb i N sbanl independenl of
temperature, R L and T is Lhe absolulbe
temperature. a8 ; ﬁ';] o Lhe slope of Lhe graph of
In D versus 1/T

The activg refleclion of Lhe way
in which Lthe if Ao flicient changes with
. Lemperature. It ‘

which the dy;

régarded as Lhe energy
order Lo be able Lo

—_—— :
move and coul F -~ regar Sabure of a barrier Lo

movement of dye.m
um ARSI oo vt of
a }xydrophm rse dyes are nol

identical. The dyeing hehaviouss of sowe@/of the. rapid

aieruodf] Wl Udi| FRHIT ALV SENE) Figure 2.,

debbrlﬂbb the effect of dyeing temperature Lhe

i im

exhaustion of the dyebath for three rapid-diffusing and
one slow-diffusing disperse dye. The amount of Lhe dyes on
Lhe fibre is expressed as a percentage of Lhe dye

originally present in Lhe dyebalh.
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Dye adsorbed by fibre ( % )

Figure 2.5 Effe he dyeing rale and

equilibel

th exbaustion %
AR Eg’
B

LY
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 amadisaRdannay

F;guré_z.s Effect of dyeing Lemperature on the exhauslion

s

of dyeballh for sowme disperse dyes (A) Duranol
Red 2B (B) Dispersol East Orange G (C) Duranol
Blue GN and (D) Dispersol Fasbt Scarlel B (20)



It is seen from the steep slopes of Lhe curves
(Figure 2.6) obtained that above 85 °C even a slight
increase in Lemperalure increases the dyebalh exhausbion
considerably.

2.5 CARRIER DYEING (6,20, 23,26-28)

J

2.5.1 Theor

been advanced Lo explain

Lhe wmechanisn e of these is based on

the ability ofs« 12e disperse dyes. This

theory is unt organic solvents

solubilize the not exhibit carrier

properties. Anothe Lhat Lhe carrier produces

fiber swelling andj} aldéwirs : tration. Another Lheory
. . #

suggests Lhat the c‘fgi-a 2 8 Lhe individual fibres,
forming a layer »f;jﬁf}j{' he dye bransfers to Lhe

fibre. BLill *Iﬁ:=h~-iﬂnz?““ﬁﬁézzﬁzzzia'*arrier loosens Lhe

binding forces hio 1ains Logether, tLhus

i
providing suitable spaces for Lhe dH' molecules. Although

there are any ‘ié ﬂ) tanding of this
subject ﬁdu ﬁﬁﬁ ﬂﬂw ﬁl.he mechanism of

carrier dye (23) s it is sbrobably umblnahlon of

fobp. RARIRG DNV IHANE o

The characlteristic of carriers is Lhe lact
Lhat for carrier aclion Lhey musl be adsorbed by fibres. It
has been observed that the effectiveness of carriers is a

function of the molar concentration in the fibre.
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2.5.2 Rabe Increases on Carrier Addilion

The ‘increase in magnitude in Lhe dye upbake
brought about by carriers way be shown by Lhe changes in

dyebalh exhaustion and rate of dyeing (Figure 2.7) (20).

.Y increasing Lhe dyebalh
o 80400 °C and from 11 % Lo
o — .

*al D during a dyeing

It is seen from Figur Lhat Tumescal D (a carrier
based on diphenyl)
exhaustion from 4
63 % at 85 °cC

Lime of 60 win.

ﬁ%ebath exhaustion %

,so 1100 150 200
QW?Q\?H@@J‘&IW@@W&W@H

Figure 2.7 Effect of carrier on the rate of dyeing

Dispersol Fast Scarlet B (I) no carrier, al 85°C;
(1I) no carrier, at 100 °C; (III) 8 % carrier,
~ab 85 °C; (IV) 8 % carrier, al 100 °C (20)
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2.5.3 Effeclt of Carrier Concentration (22)

Since carrier promotes the dye uptake and
rate of dyeing, but  Lthe amount of using 1is not
proportional Lo Lhe required oullets,. IL is significant
Lthat the -dye uptake

carrier concentratior

and Lhen decreases as Lhe
(Figure 2.8) (22). The
opbimuw concentrati correspdnd Lo Lhe
amounl of carrie; Le Lhe sysbem and any

in excess of Lhis D in dye uplake.
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- Figure 2.8 Effectl ] carrier concenbration on Lhe
~uptake of ‘Amacel Fast Blue AGF Conc. at 100 °C.
(] - Biphenyl; o , phenyl salicylales;

a s o-phenylphenol. (22)
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