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Abstract

Nine dyes having various functional groups weretlsgsized and applied on silk fabric. The equilibriu
exhaustions %E of the dyes on silk were determiReain this the thermodynamic parameters such dgipar
coefficient K, and standard affinitg” which is a driving force behind the dyeing processdetermined. There
is a strong correlation between the %E and thentbdynamic parameters values on one hand and effect
aftertreatment on the thermodynamic parameterf@wother hand.
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1. Introduction

Silk fibres have long held the interest of man fridra scientific, technological and aesthetic poofts
view. The importance of silk as a textile fibreslia its luster, handle and draping qualities.ha ¢arly decades
of synthetic dyes, silk was dyed mainly with cate(basic) dyes and only later with anionic dyes, with acid
and direct dyes. Acid tend to give dyeings of lospth on silk, and if very deep colours are requibednzing’
occurs. They do not have the wide range of brighdurs generally required for silk, so some oldibages are
still sued for application on silk in spite of théow light fastness. The majority of dyeing withid basic and
direct dyes are poor in wet fastness due to binfiinges based on non-polar electrostatic, van deal$vand
hydrogen bond interactions only. In order to immrdiae fastness properties of silk dyeing the appita of
reactive dyes would undoubtedly be attractive, agide range of brilliant colours with good wet ahght
fastness is potentially available.

The discovery of reactive dyes containing a carboxacid group as the dye/fibre reaction site was
made by Burlington Industries Iddn 1978, these dyes were applied to cotton unditicacondition in the
presence of a carbodiimide, to give dyeing of goesistance to alkaline washihghe same group of dyes has
been applied to wool with excellent fastness talitle washing Unfortunately very little work has been carried
out on the carboxylated reactive dyeing of sillpexsally using the carbodiimide as after treatmemhediately
after the exhaustion dyeing. The dye-fibre bondikties have never been investigated on silk.

The work described in this paper is an investigata silk corresponding to those on cellulose, nylo
and on wool. It is of interest for practical reasavhether reactive dyeing of silk with carboxylates have
high dye-fibre bond stabilities similar to those wool (which would indicate that the fixation ratis an
important parameter influencing fastness propérties similar to those on cotton, because of tlgmifitant
percentage of bonds formed with hydroxyl groups.

We used nine different dyes for this investigat{see Figure 1) and determined exhaustion, fixation
and dye-fibre bond stabilities of dyed silk aftee @after treatment with carbodiimide.

2.0 Experimental
2.1 Slk

Anaphe silk fibre obtained locally in Nigeria wased for dyeing. The fibre was degummed and
bleached in 50 volume hydrogen peroxide &C9for 20 min at a liquor ratio of 20:1, then waskesll in water
at room temperature for 10 min and dried at roampierature.

2.2 Dye

The structure of the dyes used are given in Figquréhey were prepared by diazotization of suitable
amines and coupled to 2-naphthol, chromotropic,amid J-Acid respectively using the available pdoze®

Three of the dyes contained carboxylic acid grddpe§ la, 2a, and 3a), three contained sulphonit aci
group (Dyes 1b, 2b and 3b) while the other threge@lc, 2c and 3c) contained no substituent groujée
diazo component. The dyes were recrystallized fsoitable solvents until the molar extinction cogéfnts of
all the dyes remain constant.

2.3 Dyeing

Dyestuff (40 mg) was dissolved in 50 ml of water@m temperature contained in a 150 ml quick-fit
round-bottomed flask fitted with a reflux water demser and standing on a heating mantle. The dyelzs set
at the required pH (3.0) by the addition of dilateetic acid. The material (1.0 g of silk fibre) wastted out in
warm water and the excess water squeezed out. Atexial was immersed in the dye liquor af@@or 15 min
before the temperature was raised, over 20 mithédoil. Dyeing was performed at the boil for attier 30
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min. occasional gentle agitation of the dyeing mgement was adopted throughout the dyeing cycpedmote
uniform dye uptake.On the completion of the dyeihg, dyed sampled was taken out, rinsed in coleénvand
dried at 66C.

After the removal of the sample, the dyebath ligwass made up to standard volume and the optical
density measured at thg,,«x of each dyes. The initial optical density of thgebath was taken before the
commencement of dyeing. The percentage exhaustitireadyes on the fibre (E) was calculated accardin
Equation 1:

Where A, and A, are the quantities of dye originally in the dydbahd of residual dye in the dyebath
respectively using spectrophotometer. The resbitsioed are shown in Table 1.
2.4 Extraction of Unfixed Dye

The extraction solution used was 10% aqueous pwidihe extraction was carried out in the glase tub
with a stirrer. The dyed silk fibre was clippectie stirrer and kept in the extraction solution36rmin at 70C.
Each piece was extracted until the extraction licaecame colourless. At the end of each extrac¢tiersolution
was decanted and made up to a standard volumetarabsorbance was measured spectrophotometrically.
Fixation ratio (F) was calculated according to Boua2.

Where A is the quantity of extractable dye. The resulesgiven in Table 1.
25 Extent of Dyeing to Alkaline Washing

The stability of the dye/fibre bond to alkaline Wwasy was tested by subjecting samples of the silk
dyeings to the 1ISO 2 and 3 wash t&sthe results obtained with dyes 1-9 are summaiizddble 2.

3. Resultsand Discussion
3.1 Spectra Data

From the results summarized in Table 1, it cand®nghat dyes obtained by coupling diazotized 4-
aminobenzoic acid, sulphanilic acid and aniline2toaphthol absorb in the range 480nm to 488nm, thes
incorporation of carboxylic acid group in the pardge (1c) to give (1a) has very little effect dn@ ko Of the
dyes. For example, dye (1c) absorbs at 480 nm Bajdapsorbs at 485 nm, a bathochromic shift of Belative
to dye (1c). similarly when the carboxylic acid gpois substituted with sulphonic acid group asyia (lLb), the
dye absorbs at 488 nm and this gives a bathochrsinificof 8nm relative to dye (1c).

Replacing the 2-naphthol with chromotropic acideydyes in (2) with,.x in the range 500nm to 513
nm. Dyes in this series are more bathochromic thase in series (1) by about 20 nm — 23nm relativeach
other.

Using J-acid as the coupling component gave dyd&8)invith Ao Similar to dyes in series (1). This
means that the electron releasing effect of J-ae@l2-naphthol are similar.

3.2 Dyeing, Exhaustion, hydrolysis to alkaline washing and fixation

From the dyeing results in Table 1, it can be gbah exhaustion varies between 97 and 80% for the
dyes used in this investigation. All the dyes gaeey good exhaustion fibre penetration, the dyeibtpined
also show very good levelness, with dyes having Wgh value of partition coefficient (K) and hagimigh %
exhaustion (E), just like the standard affinityf).

The results of the wash fastness test summarizédtte 2 with most of the dyes having fastnessgati
of 1, indicating poor fastness to alkaline washifigis shows that the dyes are anchored to the fiyre
mechanical retention and hydrogen bonding whichrerestrong enough to withstand the action of waghi
agents.

Similarly, the results of the fixation, carried doy subjecting all the dyeing to stripping with 10%
aqueous pyridine summarized in Table 1, clearlywsltbat there was less fixation of all the dyes unde
investigation on the silk fibre before the dyeingre aftertreated with carbodiimide. Infact mosttled dyes
were extracted in the first extraction solution airtually none was left on the fibre after 30 neihextraction at
70°C.

However, when all the dyeing were aftertreated vdibyclohexylcarbodiimide, all the three dyes
containing carboxylic acid group (i.e, dyes, laadd 3a) show very strong resistance to 10% aquagidine
extraction and even after successive extractioh pytidine extraction and even after successiveaetion with
pyridine, more than 20% of the dyes are covalehtipded to the silk mores. All the other dyes withthe
carboxylic group are still very sensitive to pyridiextraction, showing apparently no fixation om fibre.
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The results of the wash fastness test conducteah Wie dyeing were aftertreated with carbodiimide
also show very good fastness ratings for all thesdyith carboxylic acid group.

These results clearly show that carboxylated reactyes can be covalently bonded to silk fibre ksimi
to those of wool and cotton fibres when aftertréatéh carbodiimide.

Since wool and silk are built up from the same amérids, (though, their physical and chemical
structures are very different), the reaction schefmearboxylated dyes with silk in the presencealfrodiimide
can be represented as shown in Scheme 1.

HOOC-Silk-NH+Dye-C-OH+HN=C=NH

Il
heat l

o)
HOOC-Silk-COHN-dye+ EN-C-NH,
I

(@]
Scheme 1

4. Conclusion

All the dyes used in this work have high equililiwexhaustion for silk fibre. They however recorded
poor wash fastness because of the small strucfube ayes. Likewise their fixation, which is a rsaee of the
fibre-dye bond which is also weak. This shortcomiagovercome by having the dyed fabric treated with
dicyclohexylcarbodiimide i.e. the fixation and washstness improved tremendously after applying the
aftertreatment.

It meant that carboxylated reactions dyes canleatlgt bond to silk fibore when the dyed fibre isdted
with carbodiimide, which is a major breakthroughcs they already have high standard affinitiegterfibre as
recorded in Table 1.
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Figure 1 . Dyes used in the present study

Table 1: Amax, % Exhaustion, % Fixation and Thermodynamic Parameter value of the Dyes
Amax/Min )
Exhaustion

-__@-ED-

1a 485+ 90 25 1350.0 223524
b _ass o> o6 o 17250 231126 ]

2b Q510 oo Qo4 Q3 J1350.0 223524 ]
2c___J500 o6 o3 Q2 J3600.0 §25394.1 |
3a___Q4s5 81 o6 28 6395 [§20235.4 ]
sb___Qa4s5 8o o2 Q3 6000 [§19837.7 |
3c___Qa4so 84 _Jos __[o  Ji787.5 [§20680.9 ]

(a) Beforethe Aftertreatment with carbodiimide
(b) After the Aftertreatment with carbodiimide
* measured in acetone
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Table 2: Wash Fastness Rating of the Dyes

W N

W N

[CSH\S)

N

W N

N

)

W N

w w w N N N = =
O o job) (¢} (o3 job) (¢ e

0 olo oo oo o lo Kl Blo »
oNe] [oNe] [o)e] [oNe] [oNe] [oNe] [oXe] [oNe)
w

W N

A B
Changein shade Saining of white IChange in shade Saining of white
5
4-5

o

N
NN e

N

1-2

-b-lb NN
(]
()

1 4
1 4
1-2 4
1 4
1 4
1 4

il
)
o
NG
=R BN XS
T N [N
L [ G

N B
Ny S

P alP o

& fdn

= N

)

o O

H
i
o
N)
0

1 ) 1-2 5

(a) Beforethe aftertreatment with carbodiimide
(b) After the treatment with carbodiimide
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