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NAPARAT JIWALAK : A STUDY OF THE ADSORPTION OF INDIGO
AND INDIGO DERIVATIVES ONTO SILK. THESIS ADVISOR : ASSOC.

PROF. SAOWANEE RATTANAPHANI, Ph.D. 218 PP.

ADSORPTION/KINETICS/THERMOD YNAMICS/INDIGO/INDIGO

DERIVATIVES/SILK DYEING

The adsorption kinetics and thermodynamics of indigo and indigo derivative
dyeing onto silk were investigated in this study. Detailed kinetic and thermodynamic
parameters were determined for the first time for the dyeing of silk using indigo itself
and the vat dyeing method. This method involved initial reduction of the indigo with
sodium dithionite to give leuco indigo, then immersion of the silk in the aqueous
solution of leuco indigo, followed by acrial oxidation to indigo in situ. A
chemisorption process was indicated for the indigo dyeing of silk. A comparison of
kinetic and thermodynamic data for silk dyeing using plant derived indigo extract
obtained from Indigofera tinctoria was also made with the data from indigo itself and
close similarities were seen. This was consistent with the HPLC analytical data which
showed indigo as a major component of the extract. It also indicated that other
components in the crude indigo extract were not significantly affecting the dyeing
kinetics and thermodynamics.

Detailed kinetic and thermodynamic parameters have been obtained for the
first time with respect to the direct dyeing of silk using the commercially available,
water soluble blue dye, indigo carmine. The adsorption process with this indigo-

derived dye was an exothermic chemisorption one following pseudo second order
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kinetics. Another new water soluble blue-green dye was prepared in this work from
indigo, which, in contrast to indigo carmine, involved the introduction of polar
substituents on nitrogen in the indigo molecule. The particular compound prepared
incorporated a carboxylic acid and ester group in separate substituents. In a trial
experiment, this compound was shown to dye silk under acidic conditions.

New ways to increase the water solubility of indigo were found based on the
use of additives. These additives included cyclodextrins and derivatives, or simple
hydrotropic compounds like urea and nicotinamide. Using these compounds the water
solubility of pure indigo and plant extracted indigo could be increased significantly.
The addition of urea was then used to develop a new process for the direct dyeing of
silk under acidic conditions without the need for an indigo reduction and subsequent
oxidation step. The key kinetic and thermodynamic parameters for this dyeing process
were obtained, with the Kinetics fitting a pseudo second order model. Other
parameters were consistent with an exothermic chemisorption process. Whether urea
does more than increase the indigo solubility is as yet not known. However, direct
dyeing of silk using plant extracted indigo and urea could be a potentially viable

option for villagers.
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