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1.2 Statement of the P roblem

Application of sy nthetic dyes and synthetic morda nts on leather processing
industries release large amount of unfixed colorants as a waste. Those unfixed
colorants can remain in the environment for an extended period of time and
cause environmental, health and aquatic life problems. To reduce those
problems it is the best alternative using eco -friendly natural dyes and natural
mordents in the dyeing of leather goods. Besides, t raditional local dyers are
using Cassia Singueana plant as a source of natural dye in the application of
leather coloration. However , there is no optimizatio n and standardization done
yet which affects the production rate and quality of the product. Therefore, by
optimizing the extraction and dyeing parameters it is possible to improve both the

production rate and product quality.






1.4 Scope of the R esearch

6FRSH Rl WKLV VWXG\ LV OLPLWHG WR H[WUDFWLRQ RI QD
6LQIJXHOMPW H[WUDFWLRQ QWQDWRPIPD@RRIEDUN DQG $ORF
$SSO\ WKH H[WUDFWHG G\H RQ FKURPH FW REQMBI\G KWHKH P B WHNLLIC
XVLQJ QRWXQUWIOHWLF PRUGDQWY ZLWK GLIIHUHQW PRUGDQW!|I
IDVWQHVYV SURSHUWLHY DIWHU WKH OHDWKHU PDWHUILDO JH\
XVLRQWHUQDWLRQDO VWDQGDUGYV

1.5 Benefits and Beneficiaries
Investigate and introduce plant extract natural mordants used as a mordants in

leather coloration.

Solve the technical problems of local dyers related with extraction and dyeing of
leather goods using  Cassia Singueana plant extract through optimization of

extraction and dyeing parameters.

Directly and indirectly the outcome of this study will be used by the local dyers, small

and medium leather processing enterprises and Cassia Singueana plant cultivators.
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2.7 Natural Dye E xtraction

Natural dyes can be extracted either using alcohol or hot water (aqueous extraction
method). In case of aqueous extraction method, plant bark was collected and washed
thoroughly with water to remove soil and dust particles (Pervaiz et al., 2016 ; Win & Swe,
2008). The cleaned plant materials was shade dried until the moisture is reduced as

much as possible. The dried raw material becomes grounded and sieved to obtain the

fine powder. The powder was immerse in distilled water (Antima, Dangwal, & Mukta,
2012).

The explicit use of water causes lower costs and simplifies the waste water treatment

require ments (Dalby, 1993 ; Mussak, 2008 ). If other solvents are used or chemic  als are
added, considerable amounts of inputs are lost in the plant material (Bechtold,
Mahmud -Ali, Ganglberger, & Geissler, 2008 ). This may lead to complicated after
treatments of extracted plant ma terial, to additional costs from solvent/chemical
consumption and expensive deposition of contaminated wastes. Important factors to be

considered for the dye extraction are the extraction time and temperature.

If organic solvents are chosen, potentially an increased dyestuff yield can be achieved.
However, at the same time there are several problems in series: organic solvents cause
substantial additional costs for purchasing and significantly higher expenses for waste

water treatment and waste processing. Of course, it is possible to recycle the solvent,

but depending on the corresponding pick  -up value of the plant material there is a
considerable amount of solvent remaining in the waste (Bechtold, Mussak, Mahmud  a@li,
Ganglberger, & Geissler, 2006 ).

2.8 Natural M ordants
The growing interest in textile and leather dyed using natural colorant by fashion market
also promotes the use of natural mordants. This is to further reduce environmental
impact. Considering the importance of the natural dyes with natural mordant and the
harmful effect of synthetic dyes with synthetic mordant, an effort had been made to
formulate an eco -friendly plant dye with a natur al mordant. Plant Mordant offers natural
dyers a unique opportunity to avoid mordants produced by industrial processes and

make reliable palette of natural colors
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Mordants are usually derived from metallic salts; including alum, chrome, stannous
chloride, copper sulphate and ferrous sulphate (Siva, 2007 ). mordants form a link
between the fiber and the dye, which allows certain dyes with no or little affinity for the
fiber to be fixed (Vankar, 2009 ). Tannins and other natural extracts from plants have
also been investigated for mordanting natural dyes (Prabhu & Teli, 2014 ; Riéen,

Nousiainen, & Hynninen, 2001 ).

In this work the possibility of dyeing tanned sheep skin leather using one natural dye
extract to be act as main colorant and two natural mordant extracts to be used as
mordanting agents  was investigated . In addit ion copper sulphate mordant was used as
reference to compare the fastness properties of dyed leather with natural mordants.

The possibility of using extract of bark of mango tree (Mangifera indica) as a mordant to

dye cotton fabric with natural dye (bitter  leaves) has been investigated by (Wangatia,
Tadesse, & Moyo, 2015 ). Aloe Vera juice was also selected as natural mordant to
standardize the dyeing effect of Mari gold dye on natural and synthetic fibers which is
investigated by (Nilani et al., 2008 ). In this research the application of different natural
mordants with natural dye extract for the col  oration of tanned sheep skin leather was
investigated under different dyeing and mordanting methods.

Figure 2. 2 Aloe Vera leaf Figure 2. 3 Mango bark
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2.9 Mordants and M ordant ing T echniques
Mordants are considered to be an integral part of the natural dyeing process. The term
PRUGDQW FRPHV IURP WKH /DWLQ 3PRUGDLU” PHDQLQJ
fixation by forming crosslink and form an insoluble precipitate on the fiber (J. R. Baker,
1958 ; Brock, 1992 ; D. Gupta, 2001 ). The advantage of mordanting process is to
produce better fixation and light/wash fastness properties by forming an ins oluble
compound of mordant and dye stuff with the fiber itself (Bulut, Baydar, & Akar, 2014 ;
Dominique Cardon, 2007 ; Gulrajani & Gupta, 1992 ). Many reports related to mordant
research were focused on the effect of synthetic mordant (Aluminum sulphate, copper

sulphate, lead acetate and potassium dichromate etc.)

There are three types of mordanting processes, the first one is called pre mordanting
and is the method that fixes a metal cation to the fabric befor e the fabric has
been dyed . The second is called post mordanting and is the method that fixes a metal
cation to the fabric after it has  been dyed (Bulut et al., 2014 ) and the third one is
simultaneous mordanting at which both mordants and dyestuffs are processed
simultaneously. Pre mordanted or simultaneous mordanted or post mordanted, color
absorption and stability depends not only on the natural colorants but also on the
mordant and mordating assistants use d (Samanta & Agarwal, 2009 ).

The post mordanting method is used to increase the color which dyed on the
leather/fabric, fix the dye more permanently to the fabric or to modify the shade of
color previously dyed upon the fabric ~ (Bulut et al., 2014 ; Chenciner, 2003 ; Cooksey,
2009). In most cas es pre -mordanting leads to darker shades compared to simultaneous

-mordanting, as shown in the literature (Kumar & Bharati, 1998 ; Mussak, 2008 ).

The mordant does not increase the quality of the dye at all it only is used to change the

color of the dye and for better fixation.

Depending up on the mordanting techniques and type of mordants used, there will be a

considerable change in hue of certain dyes (different mordants on the same dye) may

darken, brighten or drastically alter the Color depth of the dyed fabric (Pruthi, Chawla, &

Yadav, 2008 ). Important mordants used in the past were iron, copper and tin ions (D

Cardon, 2003 ). Repeated cycles of mordanting/dyeing and re -use of the dyeing
21









solution and the mordant b aths is possible if the solutions can be stabilized and
contamination is avoided  (Kumar & Bharati, 1998 ; Mussak, 2008 ).

Figure 2. 4 Types of mordanting techniques
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CHAPTER #fTHREE
MATERIALS, METHODS AND EXPE RIMENTAL DESIGNS

3.1 Materials , Chemicals and E quipment

3.1.1 Materials and Chemicals

Leather M aterials

Two full size chrome tanned wet blue sheep skin crust leather materials were obtained
from Ethiopian leather industry development institute (LIDI) Addis Ababa.

Natural D ye

The bark of Cassia Singueana plant was collected manually from Northern Ethiopia
(Tigray).

Synthetic and Natural mordants

Aloe Vera and mango bark were used as a source of natural mordants. Fresh aloe Vera
was collected from around northern Ethiopia (Tigray) and Mango bark was collected
from Bahirdar University, Bahirdar, Ethiopia. Copper sulphate [CuSO4.5H,0] was used
as a synthetic mordant to dye tanned sheep skin leather samples and used as

reference to compare with the natural mordants.

pH Controlling C hemicals
Sodium carbonate (Na ,CO3) and formic acid (& + 2 were used to control the pH of
the dye bath

3.1.2 Equipment and Testing D evices
Equipment : Mechanical grinder, Eco- infrared dyeing machine, Oven dryer.

Testing D evicess: 5SHIOHFWDQFH 6SHFWLRRGKR WRIDHBSNSHFWURPH\

&URFN IDVWQHVV WHVWHU SHUVSLURPHWHU
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3.2 Methodology and Experimental D esigns

3.2.1 Dye Extraction

Aqueous extraction method was employed for extraction of coloring components from
the bark of Cassia Singueana plant. (Pervaiz et al., 2016) extracted natural dyes from
bark of different plants with temperature (90°C) and time 60 min. The extracted natural
dyes was applied on leather materials effectively. Plant parts were collected and
washed thoroughly with water to remove soil and dust particles (Pervaiz et al., 2016;
Win & Swe, 2008).The washed plant materials were shade dried until the moisture is
reduced as much as possible. The dried bark was grinded and sieved with 0.5 particle
size to obtain the fine powder. The powder was immersed in distilled water with
concentrations of (20g/l, 40g/l and 60g/l) for 24 hours. The solution was subjected to
temperatures of (45, 75 and 95 °C) and time (30 min, 45min and 60 min) respectively.
The dye solution was filtered and its absorption was tested using UV zvisible
spectroscopy. The temperature, concentration and time at which attain maximum
absorption was taken as an optimum condition for extraction of natural dye from Cassia

Singueana plant bark.

To extract the dye solution from the plant nine experiments were conducted which was

decided and calculated by the statistical Minitab software.
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Table 3. 1 Parameters for natural dye extraction from bark of Cassia Singueana plant

1RRI WU 7HPSHUDRW)< &RQFHQWU 7LPH B
WKH EDUN

J O

7ULDO

7ULDO

7ULDO

7ULDO

7ULDO

7ULDO

7ULDO

7ULDO

7ULDO

3.2.2 Mordant Extraction from Mango B ark and Aloe Vera leaf

The bark of the mango tree was washed with water to remove the impurities and dried

at room temperature. Once the bark gets dried, it was ground in to fine powder using
mechanical grinding machine and sieved with 0.5 particle size. According to (Wangatia
et al.,, 2015 ) Mango bark was extracted at a concentration of 15¢/200ml and
temperature of 90°C for 1 hr. The filtered solution was used as it is as a mordant for

dyeing of leather.

Fresh leaves of Aloe Vera was collected and washed thoroughly, the outer green
surface was peeled off and the inner w  hite mass was collected and crushed to semi

solid form using electronic agitator. The crashed semi solid form of Aloe Vera becomes
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