WA
&
g’ %
' WE
3 5
@ \‘ %7

N’ 4

JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 13(2), JUNE, 2025

(S’

ISSN: 2277-0011; Journal homepage: www.atbuftejoste.com.ng

Assessment of the Dyeing Properties of Natural Dye Extracted from
Lawsonia Inermis Leaves on Chrome-Tanned Leather Using Tannic Acid

and Metallic Salts as Mordants

'Arinze O., 2Adams A. D., ®Danjuma B. M., 4Obasi Q. O., 5Salawu A. O., éOhikhobo O.J.

1.4&5Djrectorate of Research and Development
23Dijrectorate of Science Technology

8Directorate of Leather and Leather Products

Nigerian Institute of Leather and Science Technology, Zaria

ABSTRACT

Dyeing and coloration of leather are foremost processes in the
production of leather material. This study targets to determine the
effects of tannic acid and metallic mordants on dyeing properties of
natural dye of Henna plant extract, with view to evaluate the
phytochemical properties of the extract. The Henna (Lawsonia
inermis) plant sample was extracted and used to dye leather using
selected synthetic mordants. The extract was subjected to qualitative
phytochemical analysis using standard methods. The mordants such
as tannic acid, ferrous sulphate, zinc sulphate and aluminum sulphate
were used individually and in tannic acid blend combinations. Leather
was dyed using each of the selected mordants under conventional
mordanting techniques, adopting the recognized dyeing method. The
dyed leather samples were washed and dried, after which the color
fastness using light fastness and rub fastness were analyzed for
assessment of color fastness of leather. Phytochemical compounds
such as tannins, alkaloids, steroids, glycosides, terpenoids,
phlabotannins and phenols are present, whereas saponins,
flavonoids, oxalates and quinones are absent. It was concluded that
Henna plant dye with tannic acid-metallic mordant blend as mordant
under post-mordanting technique gave the best result of colour
fastness of the Henna dye.
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INTRODUCTION

Natural dyes have been recognized
since ancient Egyptians. They are obtained from
natural resources and renewable, and therefore,
their uses will continue to inspire scientists due to
their ecological, antimicrobial, and UV protection
characteristics (Rather L.J..et al.,2019) The
revival use of natural dyes, as well as devising
new methods of techniques in textile coloration, is
of prime ecological interes [(Ahmed N.S.E., et
al.,2010). However, the use of natural dyes in
textile coloration is yet limited due to many
reasons such as shades, cost, and fastness
properties. The shade and fastness properties of
dyed fabrics depend on the mordants used.

Although the use of mordants is
necessary for better dyeability and shades,
however, their use causes a serious problem for
the environment as most of the mordanting
process uses toxic metal ions in a large amount
that ultimately most of them get discharged into
the effluent. Mordants used so far are either
metallic or bio-mordant or their combination.
Metallic mordant includes copper, chromium, tin,
iron, and aluminum(Gedik G., et al.,2014). Bio-
mordants include Turkey red oil, vegetable oils,
and tannin(Gedik G., et al.,2014). Tannin is also a
coloring matter that can be used by itself for the
coloration of textiles after being mixed with metal
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for mordanting (Mongkholrattanasit  R.,et
al.,2011).

The use of mordants metallic or bio-
mordant or their combination, although enhanced
the color characteristics, yet their uses have been
with limited success. Recently, tannin as bio-
mordant for the dyeing of wool with Black Plum
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METHODOLOGY

Dye Extraction

An alkaline extract of the dye was
prepared by adding 10g of Lawsonia inermis to
125ml 0.3M sodium hydroxide solution in a flask.
The mixture was heated, held at boil for 75min,
allow to stand for cooling to room temperature and
then filtered through a piece of filter paper. The
filtrate will then be used for dyeing of leather
samples.

Dyeing without Mordanting

A control samples of 2g of leather
sample was dyed in 100mL of the extract using
50g/dm*® sodium sulphate (Na2SOs) without
adjusting the pH of the dye bath. The temperature
of the dye bath was raised to 80°C over 25min
(2°C min-") and maintained at this level for 100
min in the exhaust dyeing machine. Then, the
leather was removed from the dye bath and rinsed
successively in cold, hot and cold water before
drying in air

B —
acetate buffer pH 5.5

dye has been reported to improve the washing
fastness (Jahangiri A., et al.,2018) Also, the
combination of tannin and metallic mordant was
persuaded for high-temperature dyeing of
polyester fabrics, but the results obtained were not
satisfied regarding the light fastness (Gedik G., et
al.,2014).
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Dyeing after single mordanting

In single-stage mordanting, samples of
leather were treated separately with tannic acid,
ferrous (Il) sulphate heptahydrate, zinc (Il)
sulphate  and  aluminum  (lll)  sulphate
hexadecahydrate, each at 4% on the weight of
leather (o.w.l) Concentration using leather to
liquor ratio of 1:15 at 60°C for 1h. The mordanted
samples will then be rinsed in cold water and
allowed to dry in air before dyeing at the same
conditions as was used for dyeing the control
sample.

Dyeing after double-mordanting

In two -stage mordanting three leather
samples, mordanted with tannic acid was
mordanted once again separately with ferrous (1)
sulphate heptahydrate, zinc (Il) sulphate and
aluminum ( IIl) sulphate hexadecahydrate, each at
4% o w.l ( on the weight of leather) concentration
using leather to liquor ratio 1:15 at 60°C for 1h .
The double mordanted samples will then be rinsed
in cold water and allowed to dry in air before
dyeing at the same conditions as was used for
dyeing the control sample.
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Colour Fastness Test

Washing fastness of the dyed samples
was tested according to BS EN ISO 105-C10;2007
at 60°C for 0.5h. Light fastness of the dyed
samples was tested according to BS EN I1SO 105
-B02:1999 using Xenon Arc lamp. Rubbing
fastness of the dyed samples was tested
according to BS EN ISO 105-X12:2002".

RESULTS AND DISCUSSION

Effect of mordanting on colour fastness
properties of dyed cotton: Table-1.0 gives
fastness properties of chrome-tanned leather

sulphate alone and tannic acid and ferrous
sulphate used together. There is no improvement
in wet rubbing fastness properties due to
mordanting. It rather decreases in all cases except
when tannic acid and zinc sulphate is used
together. As far as light fastness in concerned, it
increases due to mordanting in all cases. Light
fastness is improved in most of the cases the
double mordanting with tannic acid and ferrous
sulphate, followed by single mordanting with
ferrous sulphate.

Table 1: Phytochemical Screening of Plant Extract

dyed with Lawsonia inermis, without and with SIN Constituent Availability
mordanting. Washing fastness, in terms of colour 01 Tannins +
change, increase when ferrous sulphate and zinc 02 Alkaloid +
sulphate are used in mordanting while washing 03 Saponins -
fastness in terms of staining to cotton increases 04 Flavonoid -
when all mordants are used alone and in case of 05 Steroid +
tannic acid and ferrous sulphate used together. 06 Glycoside +
This could be attributed to the formation of 07 Terpenoid +
insoluble colour complex on fabric. Furthermore, 08 Phlabotannin +
sample without mordanting also had good 09 Oxalate _
washing fastness, because Lawsonia inermis 10 Phenol +
extract containing tannins/polyphenols which also 1 Quinones _
act as mordant. 12 Coumeric _
Dry rubbing fastness improves up to 1 KEY: + = Present, - = Absent
grade when mordanting is done with aluminium
Table 2: Fastness Properties of Leather Dyed with Lawsonia inermis Leaf Extract
Sample Rub Fastness Light Fastness
Dry Wet
Without Mordant 4-5 3-4
Tannic Acid 4 4
Ferrous Sulphate 4-5 4
Zinc Sulphate 5 4
Aluminium Sulphate 5 4-5
Tannic Acid + Ferrous Sulphate 5 4
Tannic Acid + Zinc Sulphate 5 4
Tannic Acid + Aluminium Sulphate 3-4 4-5

CONCLUSION

Chrome-tanned leather was
successfully dyed with natural dye extracted from
Henna, with and without mordanting, achieving
reasonably good overall colour fastness
properties. Mordanting results, not only improve
the colour depth and brightness in some cases but

also leads to improvement in colour fastness
properties. While mordanting with tannic acid
enhances the colour depth the most, mordanting
with ferrous sulphate best results in the
improvement of colour fastness properties.
Double mordanting with tannic acid and ferrous
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sulphate gives the best overall results, both in
terms of colour depth and fastness properties.
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