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Abstract

In the process of research to develop and improve the dyeing process using natural
dyes for small scale industry, stressing green, brown and black colours, we have studied the
chemical nature of plant dyes, the optimum temperatures and time for dyeing, the effect of dyeing
auxilliaries and metallic mordants on the dyeing colour, washing fastness, rubbing fastness and light
fastness.

We have studied the chemical nature of dyes from 6 plants, viz. neem, eucalyptus,
umbrella tree (Terminalia catappa), coconut, Saab Suea (Eupatorium odoratum), and myrobalan
(Terminalia chebula). The dye substances were extracted using hot water and/or alcohol,
fractionated by chromatography, then analyzed qualitatively for tannins, flavonoids, anthraquinones,
and phenolic compounds. Quantitative determinations were carried out by spectroscopic method for
chlorophylls in the materials used in dyeing green colour, by hide powder method for tannins, and
by electrocoagulation method for phenolic compounds in the materials used in dyeing brown and
black colours. Dyeing tests were performed in order to compare colour shades using raw and
bleached cotton cloths, with and without 0.2% tannic acid, and using aluminium sulphate, ferrous
sulphate, sodium dichromate, cobalt nitrate, and copper sulphate as mordants in 1 or 10%
concentrations.

Apart from the above 6 main dyeing materials, 15 others were partly studied and it
was found that dyeing materials having a potential for dyeing green colour are the leaves of stevia,
Tiu Daeng (Cratoxylum formosum subsp. Pruniflorum), Saab Suea, rain tree (Samanea saman), and
Cassia (Cassia floribunda), all using copper sulphate as mordant. For brown and black colours the
following are recommended : neem leaves, bark and leaves of umbrella tree, eucalyptus bark, Rok
Faa (Terminalia alata) bark, myrobalan bark, Kradone (Careya arborea) bark, and Queen’s
Crapemyrtle (Lagerstroemia calyculata) fruits. For brown colour the following are suggested:
brown husk of coconut fruit, myrobalan fruit and rind of mangosteen fruit.

The sutdy to develop the dyeing process was carried out using 3 kinds of cotton
yarn, viz. yarn no. 40/2, yarn no. 10/1, and hand-spun yarn, all commercially available. First, to
find out the optimum conditions for cleaning the yarn prior to dyeing, a ratio of yarn to cleaning

solution = 1:10 (w/v) and a boiling time of 0.5-1 hour were used. Three cleaning methods employed
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were (1) cleaning with soap and soda ash, (2) cleaning with 2% (w/v) sulphuric acid or diastase
enzyme, followed by caustic soda solution (5, 7, or 10%owf.), and (3) cleaning with sodium
hydroxide solution (4 or 6 %owf.) and bleaching with 35%V hydrogen peroxide (5, 10 or 15 %
owf.). Judging from fibre moisture, whiteness, strength, and weight change before and after
cleaning, it was found that the optimum conditions for cleaning the yarn varied as the kind and
nature of the fibre, but the best overall condition seems to be cleaning with base and bleaching by
sodium hydroxide (6% owf.) and 35%V hydrogen peroxide (5 %owf.) with 30-minute boiling time.
However, for small scale industry, cleaning with soap and soda ash in the ratio of yarn : soap : soda
ash : water = 100 : 10 : 16 : 1000, with 1 hour boiling time, was found to be good enough.

In the preparation of dyeing solution from the dye material, a ratio of 1:10 for dye
material to water and a heating time of 1 hour were used. The dye material was then separated from
the dyeing solution, which was then used to dye the cotton fibre in the ratio of 1:10 (w/v) for fibre to
dye solution. Determination of optimum dyeing temperature and dyeing time was carried out by
monitoring the dye adsorption by spectroscopic method. Also investigated were effects of dye
auxilliary (tannic acid and eucalyptus leaf extractive water), mordant concentration (0.25-5% owf.),
and mordanting order (pre-mordanting, co-mordanting, and post-mordanting). Optimum conditions
for the process were judged from the dyeing results, which include dye colour measured in terms of
L*; a* and b*, washing fastness nad degree of staining, rubbing and light fastness, and suitability
for small scale industry application.

The results obtained indicated that adsorption of most dye colours by cotton fibre
was low (not more than 40%) except those from stevia leaves, neem leaves, and myrobalan bark,
which were 70-80% adsorbed. Optimum dyeing temperatures were found to be less than the boiling
point (between 60 and 90°C), a value of 70 °C being practical for most preparations. Optimum
dyeing time was 60 minutes.

The success of green colour dyeing with plant leaves mostly depends on the degree
of dispersibility in water of the chlorophyll pigments. From the results of dyeing with leaves of
stevia, Tiu Daeng, Saab Suea, and Cassia, the optimum conditions were found to be 70 °C dyeing
temperature for 1 hour using 0.25-1% (owf.) copper sulphate as mordant.

Brown natural dyes have been known to consist of tannins and phenolic
compounds. Different shades of colour may arise from different kinds of these substances. Most

brown colours are fast with respect to washing without using any mordant. However, the light
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fastness of some brown plant dyes may improve by using mordant. The optimum dyeing
temperature and time were found to be between 65 to 85 °C for 1 hour. The mordants that produce
brown colours are usually alum or copper sulphate.

Black natural dyes were found to arise from the same plants as those that dyed
brown colours, viz. eucalyptus bark, myrobalan bark, Queen’s Crapemyrtle fruits, umbrella tree
leaves, Kradone bark, and Rok Faa bark. However, while other conditions may be the same as
brown colour dyeing, ferrous sulphate must be used as mordant. This will form complexes with
tannins or phenolic compounds to give the desired black colour. Fastness testing results for the
black colour obtained were more or less the same as other colours studied.

The dyeing processes which were the result of this research were transmitted in
two workshops to our co-working weaving groups as well as to other weaving groups in the

northern region.



