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Abstract
Background/Objectives: The eco-printing method is a dye transfer process
that produces natural shapes of leaves and flowers on sheep leather. The
research objective aimed at determining the quality of sheep crust leather
using the eco-printing method. Methods/Statistical analysis: The research
applied the experimental method using sixteen sheets of sheep crust leather.
The study employed a completely randomized design. The treatments involved
soaking the crust leather in a mordant of alum solution with several soaking
times, namely (T0) = 0 hours, (T1) = 12 hours, (T2) = 24 hours, and (T3) = 36
hours; each of the treatments was repeated four times. The research variables
included wet rubbing resistance, sweat resistance, washing resistance, tear
strength, elongation, and seam strength. The data were analyzed using anova.
Findings: The results showed that the soaking time did not significantly affect
(P> 0.05) on tear strength, elongation, and seam strength. However, it had a
significant effect (p <0.05) on wet rubbing resistance, sweat resistance, and
washing resistance. Therefore, the crust leather soaked in the mordant of
Aluminum potassium sulfate for 36 hours before being dyed using the eco-
printing method did not show any decrease in its physical quality. It even
showed some improvements of wet rubbing resistance with the value of 4 and
5, sweat resistance with the value of 4, and washing resistance with 4 to 5.
Novelty/Applications: Natural dyeing using the eco-printing method can be
applied to sheep crust leather to improve the quality of wet rubbing resistance,
sweat resistance, and washing resistance. It is also recommended that crust
leather be soaked in Aluminum potassium Sulfate’s mordant solution for 36
hours.
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1 Introduction
Leather products are generally dyed with synthetic materials. Synthetic dyes have
several benefits, such as giving an attractive appearance to leather products, having
various color tones, and easy-to-use. However, synthetic dyeing materials are not
environmentally friendly; their waste can be hazardous as some synthetic dyeing
materials may be degraded into carcinogenic and toxic compounds (1).

https://www.indjst.org/ 71

https://doi.org/10.17485/IJST/v14i1.1982
https://doi.org/10.17485/IJST/v14i1.1982
https://doi.org/10.17485/IJST/v14i1.1982
Pancapalaga1966@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
www.iseeadyar.org.
https://www.indjst.org/


Pancapalaga et al. / Indian Journal of Science and Technology 2021;14(1):71–75

Nowadays, the use of natural dyes for leather has been increasing. Several previous studies have investigated the use of some
natural dyes on leather, such as Bixa orellana seed extracts (2), Henna leaf extracts (Lawsonia inermis) (3), and Marigold flower
extracts (Tagetes erecta L.) (4).

One of the natural dyeing methods used on leather is the eco-printing method. This method is a natural dyeing process
different from any other methods commonly used in the community; it transfers dyes and produces natural forms of the plants,
such as leaves and flowers, fruits, vegetables, andwastematerials directly on leather.The eco-printingmethod is used to decorate
the leather surface with various shapes and dyes from natural materials (5).

Currently, eco-printing dyes are broadly applied to textiles, like cotton, cotton-polyester blend, and Tencel cotton blend (5).
Another study compares eco-printing on wool, silk, cotton, and flax (6). However, eco-printing on leather has not been widely
studied.

Teak leaves (Tectona grandis) are natural ingredients used for the eco-printing method because they contain 6.4 mg/g of
anthocyanin pigments. Besides, they have natural dyes consisting of pheophytin, beta carotene, pelargonidin 3-glucoside,
pelargonidin 3,7 -di-glucosides, and chlorophyll (7). Teak leaves (Tectona grandis) can be used as natural dyes because they
contain anthocyanins as a brown color source (8). Anthocyanins are amphoteric compounds that can react with both acids and
alkalis. Their color and stability are influenced by pH, light, temperature, and structural components, including sugar groups
and metal ions (9). Nevertheless, not all-natural dyes can directly dye crust leather; therefore, an auxiliary substance called a
mordant is required.

The use of mordants partly determines the success of natural dyeing on leather. The Mordanting process itself is a fixation
process that functions to strengthen the color and change the natural dye substances according to the type of metal that binds
them.

Thenatural dye fixation process depends onmordant concentration, soaking time, and steaming temperature. Steaming time
is the main factor that influences the eco-printing method. Various types of mordants, such as copper sulfate, ferrous sulfate,
potassium permanganate, and potassium sulfate, are reported to be used on leather, with the result showing that they improve
leather’s rubbing resistance and light resistance (10,11). Also, it is found that certain types of mordants used on leather may
greatly determine the quality of rubbing resistance, washing resistance, and sweat resistance (12). Therefore, this study examines
the quality of crust leather dyed naturally with teak leaves using the eco-printing method and aluminum Potassium Sulfate as
the mordant.

2 Materials and Methods
Sixteen sheets of sheep crust leather were used as the primary materials. Teak leaves (Tectona grandis) were utilized as the
natural dye source in the eco-printing process. Other materials included alum or aluminum potassium sulfate, sodium sulfide,
ammonium sulfate, oropon, salt, basic chromium sulfate, sulfuric acid, and syntans. Meanwhile, the instruments used in this
study were a crockmeter to test leather wet rubbing resistance, a universal testing machine to test leather tear strength, and a
strength tester to measure leather elongation.

The leather tear strength refers to the maximum force required to tear the samples. It is in line with the sewing thread’s
tension with the distance between two holes of 6 mm and expressed in N/cm. The tear strength test was carried out based on
the Indonesian National Standard (SNI) 06-1794-1990.

Leather elongation refers to the increase in the leather length when it is pulled until it breaks divided by the original size; it
is expressed in percent.The elongation test was carried out according to the Indonesian National Standard (SNI) 06-1795-1990
utilizing a strength tester.

Seam strength test was conducted using a tensile strength tester and followed the Indonesian National Standard (SNI) 06-
1117-1989.

A wet rubbing resistance test was carried out using a crockmeter. Evaluation of the test results was done by comparing dye
stains of the scouring cloth to those of grayscale according to the Indonesian National Standard (SNI) 06-0996-1989.

Color resistance test against washing was conducted using the Indonesian National Standard (SNI) 08-0288-1998 method.
The stages included taking samples and washing them with a laundymeter. The assessment was carried out by comparing the
leather discoloration to the standard color change of grayscale.

Sweat resistance and washing resistance tests were carried out using the Indonesian National Standard (SNI)105-E04: 2010
method.

Implementation of crust leather tanning
Table 1 explains the stages of making crust leather.
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Table 1. Crust leather tanning process
Process % Product Time Duration Remark
Soaking 500 Water 1 hour
Liming and unhairing 100 Water

4 Lime
2 Sodium sulfide 4 hours pH 11-12

Deliming and bating 100 water
1.5 Ammonium sulfate
1 Bating agent (oropon) 2 hours pH 8-8.5

Washing 200 Water 15 minutes drain
Pickling 100 water

10 Salt
0.75 Sulphuric acid (dilute 1:10) 2 hours pH 2.8-3

Tanning 8 Basic Chromium Sulfate 4 hours
Basification 1 Sodium formate 45 minutes

0.5 Sodium bicarbonate 60 minutes pH 4
Washing 300 Water 10 minutes Drain, piling overnight
Neutralization 0.75 Sodium bicarbonate 3x15 pH 5-5.5
Retanning 100 Water

8 Syntan 90 minutes
9 Synthetic fatliqour 90 minutes

Fixing 1 Formic acid 3x10+30 pH 3.5
Washing 300 Water 10 minutes

Implementation of the eco-printing dyeing method
Firstly, a mordant solution was formulated by dissolving 70 grams of aluminum potassium sulfate in 1 liter of water. Then,

the leather was soaked in the mordant solution with several different treatments of soaking time, namely (T0 = 0 day); (T1 = 12
hrs); (T2 = 24 hrs); (T3 = 36 hrs). After being dried, the leather was placed on a plastic sheet. Next, teak leaves (Tectona grandis)
were stuck to the leather surface and arranged according to the desired model.Then, the leather was rolled with plastic and tied
up using a rope. Subsequently, the tied leather was steamed for an hour. After being cooled down, the leather ties were opened,
and the teak leaves were removed. Eventually, the leather was dried in a room before being proceeded to the laboratory testing.

Data analysis
The grayscale value determines the level differences or dye concentration from the lowest to the highest (value 1 to 5).

It used the International Standard Organization (ISO) standard, namely the grayscale standard for dye changes. The data of
wet rubbing resistance, sweat resistance, and washing resistance were tabulated and analyzed using the Kruskall Wallis test. It
was then followed with the Mann Whitney test to find out the differences among the treatments. Meanwhile, the data of tear
strength, elongation, and seam strength were analyzed using anova to determine the difference among each treatment. When
the treatment had a significant effect, it subsequently proceeded with the Duncan test.

3 Results and Discussion
The findings are presented in Tables 2 and 3.

Table 2. Crust leather quality after soaked with the Aluminum potassium sulfate mordant

Variable
Soaking time (hour)

0 hour 12 hours 24 hours 36 hours
Tear strength ( N/cm) 131.030a 142.745a 137.465a 147.587a

Elongation (%) 75.360a 74.580a 69.350a 63.035a

Seam strength ( N/cm) 571.337a 584.052a 605.730a 721.825a

Note: The same notation (a) shows no significant difference (P>0.05)
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Table 3. Kruskal Wallis results of different soaking time treatments with Aluminum potassium sulfate mordant
Treatment Chi-Square value Df Asynp.sig Conclusion
Wet rubbing resistance 10,402 3 0,011 Showing a significant difference (P < 0,05)
Washing resistance 9,377 3 0,022 Showing a significant difference (P < 0,05)
Sweat resistance 9,420 3 0,014 Showing a significant difference (P < 0,05)

Table 2 shows that the 36-hour of soaking time does not have any significant effect (P> 0.05) on tear strength, elongation,
and seam strength of the crust leather. It indicates that soaking the crust leather in the mordant of Aluminum potassium sulfate
does not change either the physical quality or structure of the crust leather as its structure, especially on the corium part, has
already been bound by the tanner.

Seam strength can be affected by leather thickness, content and density of collagen protein, adjacent collagen fibers’ angles,
and corium thickness. Seam strength is directly proportional to tensile strength and tear strength. If both tensile and tear
strength are high, the seam strength is also high. Thin leather has loose collagen fibers; thus, it has lower tear strength than
thicker leather (13). Woven shape, the density of collagen fiber bundles, collagen fiber integrity, and angles of woven corners
determine the amount of tensile strength and leather elasticity. Leather with high tensile strength generally has low elasticity;
on the other hand, leather with low tensile strength is prone to have high elasticity (14).

Besides, the adherence of natural dyeing substance cannot permanently remain on leather; thus, a specific chemical binding
called amordant is essential (15).Mordant, also known asmordere or bite, ismetal salt functioning as ameans for dye absorption,
dye absorption acceleration, a chemical bridge between dye molecules and leather tissue, and chemical agent to generate
permanent dyes (16).

Aluminum potassium sulfate accelerates the absorption of natural dyes and functions as a tanning material. However, the
crust leather used in this study has already been tanned with basic chromium sulfate and syntans. Hence, aluminum potassium
sulfate does not have much role as the tanning material. It can be seen from the findings showing that 36-hour of soaking time
with alum does not affect tear strength, elongation, and seam strength.

The results of leather’s physical quality show that both soaked and unsoaked leather have the same quality. The tanning
process much influences the physical quality of leather. The combination of vegetable and chromium tanned leather produces
higher seam strength than permanent single tanning leather (17). Seam efficiency increases along with seam strength; however,
the efficiency declines if breaking strength and permanent tensile strength are high (18).

Table 3 illustrates that the duration of soaking leather in the alummordant up to 36 hours affects (P <0.05) both wet and dry
scrubbing resistance, washing resistance, and sweat resistance of crust leather with eco-print dyes. During the soaking period,
aluminum potassium sulfate has the opportunity to bind leather tissues more perfectly; thus, it can increase the leather wet
rubbing resistance, washing resistance, and sweat resistance.

The same thing occurs with silk cloth.The study has found that silk cloth soakedwithmordant can increase its color strength,
brightness, and resistance more intensively than that without mordant (19).

Several essential mordants that can be used are potassium dichromate, iron sulfate, copper sulfate, zinc sulfate, tannins,
and tannic acid. Mordants are chemical substances that form chemical bonds with natural dyes. The chemical bond between
mordant and natural dyes is initially formed by soaking leather in a mordant solution before dyeing the leather. This process
can help absorb and fix natural dyes, prevent leather from dye fading, and improve color-resistance (20).

Meanwhile, Suede dyes from a mixture of sodium chloride and aluminum sulfate can produce a brighter dye for printed
leather (21).

4 Conclusion
The quality of wet rubbing resistance, sweat resistance, and washing resistance of crust leather dyed naturally with teak leaves
using the eco-printing method can increase when soaked with the Aluminum potassium sulfate mordant for 36 hours. Besides,
it does not reduce crust leather’s physical quality, such as tear strength, elongation, and seam strength.
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