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ABSTRACT

Natural dyes are known for their beauties and multi-hue shades, but they have
limitation of color-fading problem when dyeing cotton fiber. In this research cotton
fiber (type 10/1) obtained from a market in Mueang Chiang Mai was modified using
synthetic and natural polymers in order to enhance its dyeing efficiency with lac dye
(natural dye 25 CI 75450). The monitoring of dyeing efficiency of lac dye on clean
cotton fiber and treated cotton fiber were achieved through the adsorption study using
an UV-VIS spectrophotometer. Since in local industries, the alum and NaCl were

applied in dyeing process. Therefore, the adsorption of lac dye on cotton fiber
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pretreated with alum, including the effect of NaCl on the adsorption-desorption were
also studied in order to compare the results with lac dye adsorption on cotton fiber

The results of lac dye adsorption on cotton fiber indicated that the increase in
temperature decreased the dyeing time and the adsorbed amount of lac dye. The
adsorption isotherm obtained was identified to be a Langmuir type. The values of heat
and entropy of dyeing were -7.36 kJ mol”' and -9.20 J mol'K", respectively. In
addition, the amount of lac dye adsorbed on cotton fiber increased when the NaCl
concentrations in lac dye solution were increased due to the reduction of repulsion
between adjacent adsorption sites and dye molecules. However, the final adsorbed
amounts of lac dye with and without NaCl were comparable after the desorption
study.

From the study of lac dye adsorption on cotton fiber treated with natural
polymers, i.e. Bovine Serum Albumin (BSA) and soybean milk, it was found that the
optimum amounts of BSA and soybean milk adsorbed on cotton fiber yielding the
highest efficiency of dyeing were 200 ppm and 0.15 g/ml, respectively. In both cases,
the dyeing times at various temperatures ranging from 23 °C to 80 °C were around
100 mins. An increase in dyeing temperature increased the adsorbed amount of lac
dye on protein-cotton fiber. In addition, the Langmuir type adsorption isotherm was
also obtained with the values of heat and entropy of dyeing were +12.9 kJ mol" and
+13.2 J mol'K' for those pretreated with BSA, and +9.24 kI mol' and
+54.5 J mol'K™', respectively for those pretreated with soybean milk, respectively.
The effect of NaCl on lac dye adsorption and desorption on protein-cotton fiber were

similar to that on the untreated cotton fiber.
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When Poly(ethyleneimine), PEI, was chosen to represent a synthetic polymer.
The effect of PEI on the adsorption and desorption of lac dye on cotton fiber was
firstly investigated. It was found that PEI increased the dye adsorption on cotton fiber
and decreased any subsequent desorption of lac dye from the cotton fiber. Then the
adsorption of lac dye on PEI-cotton fiber was followed and the adsorption isotherm
obtained was found to be a Langmuir type while the heat and entropy of dyeing were
-0.0284 kJ mol™ and +10.0 J mol'K™, respectively. In addition, temperature and
NaCl slightly affect lac dye adsorption on PEI-cotton fiber. At equilibrium, the ratio
of the number of molecules of lac dye per ethyleneimine repeating unit is
approximately equal to ~1 in solution. Results from the adsorption studies of lac dye
on these treated cotton fiber showed that proteins and PEI could enhance the dyeing
efficiency of lac dye on cotton fiber.

In case of using alum as a fixing agent, it was found that the amount of lac dye
adsorbed on cotton fiber decreased with alum concentration. However, the color
shade of dyed samples yielded the brighter color than the ones applied by proteins and
PEI

The measurement of zeta potential of cotton fiber was initially used to indicate
the effectiveness of pretreatment. It was found that the PEI largely developed the
positive charge whereas the BSA and soybean milk slightly enhanced the positive
charge on the surface of cotton fiber following a decrease in the pH. The zeta
potential results and adsorption studies revealed that the uptake of lac dye on treated
cotton fiber occurred via electrostatic attractions between the anion of the dye and
cationic segments on the treated cotton fiber. In addition, the wash fastness and light

fastness of dyed cotton fiber were also investigated and found that the wash fastness
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of the dyeing is slightly increased by the pretreatment while light fastness is
unaffected.

From the results obtained, there is a possibility on applying the polymers used in
this study, especially PEI, for the pretreatment of cotton fiber prior to the dyeing that
yields a good result of lac dye adsorption and its light and washing fastness. In
addition, it is expected that this polymer can be applied to the dyeing of cotton fiber

with other natural dyes and also to textile industries.
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