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The deterioration caused by the iron-gallate/tannate dye is a significant concern in textile
conservation worldwide. Throughout history, textiles have been dyed black using this dye, a
mixture of iron salt and tannins derived from plants. However, this blend is highly acidic, and as a
result, the areas that have been dyed black may become irreparably damaged. The deterioration
is caused by a catalyst, soluble iron(II) ions, which can trigger the deterioration of cellulose within
a textile when the external conditions of temperature and humidity enable it. Exemplars of this
deterioration can be seen in the areas of black dyed silk hair and clothes of Japanese ceremonial
hina dolls and in many examples of Maori taonga made of New Zealand flax and decorated black.
To hinder this issue, conservators have been trying to develop consolidation treatments that target
the three main causes of deterioration: high acidity, the presence of soluble iron(II) ions, and

weakened strength.

Purpose of the research

This research aims to experiment with a new potential consolidation treatment for textile
deterioration caused by iron-gallate/tannate dye. For the first time, it will explore the effectiveness
of Japanese conservation materials, funori (a seaweed unique to Japan's coastline) and nikawa (a
classical Japanese animal glue), used for centuries in art creation, conservation, and restoration.
The aim is to use these two materials to address the three main issues mentioned above with the
experimental iron-tannate dyed samples, including cellulosic (cotton) and proteinaceous (silk)
materials, which have been artificially deteriorated. The experiment will evaluate the effect of the
consolidation treatment on 1) reducing acidity, 2) decreasing catalytic soluble iron(II) ions and,

3) reinforcement of textile fibres, 4) minimising the impact on textile colour and the handling test.



Methods

Experimental samples of iron-tannate dye were prepared for both textiles by repeatedly dyeing
with tannins and iron salt, following a traditional dyeing recipe. The dyed samples were artificially
deteriorated through accelerated ageing (80 °C/65 % RH) to achieve various levels of textile
deterioration. The funori and nikawa consolidations were prepared by heating using traditional
methods and then applied to unaged and pre-aged (1 and 3 days aged) samples as an aqueous
treatment method. The pre-aged samples with consolidation were later aged for the same period
(1 and 3 days) to investigate the stability of treatments. Analytical methods included: 1) the pH
test for monitoring acidity, with prepared samples of an extract of 0.03 g of cotton or silk textiles
and tested after 24 hours of extraction; 2) the Bathophenanthroline test, for detection of soluble
iron(II) ions present in the samples; 3) tensile strength test prepared in sets of five 2x12 cm strips
to test the efficacy of the treatment on the reinforcement of textile fibres; 4) colorimetry to test
the impact of the treatments on a colour change; 5) handling test on the consolidation treatments'
impact on the textile. To compare the effectiveness of the treatment, the consolidated samples

were juxtaposed with controls, which are samples only dyed and samples with deionised water.

Results

In both cotton and silk textile samples, using funori and nikawa consolidation leads to a decrease
in acidity. This tendency is evident in all samples: unaged, 1 day aged, 1 day aged before and after
the treatment, 3 days aged, and 3 days aged before and after the treatment. Compared with the
pH of control samples, the result demonstrates a decrease in the acidity of iron-tannate dyed
samples, exhibiting deacidification after the consolidation treatment. The acidity of unaged and
aged cotton textile samples was lowered after both funori and nikawa treatments, especially after
the nikawa treatment. In silk textile samples, the acidity also decreased after both treatments.
However, funori was more effective in the unaged samples, while the nikawa treatment was more
effective in the aged samples. The Bathophenanthroline test shows that soluble iron(Il) ions
increased as the period of accelerated degradation increased. Compared to control samples, the
funori consolidated cotton textiles samples demonstrated a decrease in the presence of soluble
iron(II) ions in 1-day aged samples and samples aged for 3 days, while nikawa consolidation
reduced soluble iron(II) ions in unaged and all aged cotton textile samples. In silk textile samples,
unlike in cotton textile samples, the increase of the soluble iron(II) ions was not indicated in
accelerated ageing periods. When testing the tensile strength of consolidated samples of cotton
textile, compared to control samples, especially samples with deionised water, the increase in
strength is shown in samples: unaged, 1 day aged, 1 day aged before and after the treatment and 3

days aged samples after funori and nikawa consolidation. Only nikawa consolidation reinforced



the samples aged for 3 days before and after the treatment, while control samples broke with no
tensile strength detection. In silk textile samples, the tensile strength increased in unaged samples
after nikawa consolidation and in the samples aged for 2 weeks before and after the treatment,
with both funori and nikawa consolidation.

Colorimetry data using pre-aged samples as standards for post-aged, consolidated samples
demonstrated the lowest change in colour compared to control samples in both cotton and silk
textiles samples, especially the funori treatment, which showed the least effect on the colour
change in cotton textile samples aged for 1 day before and after the treatment. Similarly, in samples
aged for 3 days before and after the treatment, the control samples displayed the highest colour
change compared to consolidated samples, with the nikawa treatment showing the least colour
change. Considering silk textile samples aged 2 weeks before and after the treatment, the control
samples showed the highest colour change, while the nikawa treatment showed the least. As the
consolidation treatment should prevent the change in the handling of the textile, nikawa and funori
consolidation treatments showed less change in the handling of the textile, particularly evident in

consolidated silk textile samples.

Conclusion

Based on the experiment's results, it has been confirmed that both funori and nikawa treatments
effectively address the iron-tannate deterioration in cotton and silk textiles. The treatments are
proven to reduce acidity in both pre-aged and post-treatment-aged samples while also enhancing
tensile strength and less change in handling tests. Additionally, the funori and nikawa
consolidations possibly reduce the presence of soluble iron(II) ions. These treatments are able to
preserve the textile's original colour and handling without causing any damage or alteration. Iron-
gallate/tannate dye textile deterioration is a severe worldwide conservation concern, and
addressing any of its main aspects, be it acidity, tensile strength, or iron(Il) ions’ catalytic nature,
is highly valuable to textile conservators. This research demonstrated that Japanese conservation
materials, funori and nikawa, effectively present themselves as promising conservation treatments

for iron-tannate dye textile deterioration.
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