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Dyeing of Silk Fabric with Aqueous Extract of Cassia tora L. Seed
-focusing on the mordanting and dyeing mechanisms-
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Abstract— Silk fabrics mordanted with Fe**, Ni*", and Cu®" were dyed with the aqueous extract of Cassia tora
L. seed which was known to include water soluble colorant kaempferol, one of flavonol compounds. Kaempferol
can react with free radicals and chelate transition metal ions, which is thought to catalyze processes leading to
the appearance of free radicals and have antioxidant activity. In relation to the coordinating and chelating
mechanism of the ions with the silk protein and kaempferol, reasonable conclusions should be made on the
colorant uptake and the water fastness of the fabric. The amount of the colorant on the fabric was in the order
of Fe’*>Ni’">Cu’". In case of dyeing through coordinaiton bonds between transition metal ions and silk protein
and colorants, it was thought that the ions with the smaller secondary hydration shell, the higher preference to
the atoms of the ligand coordinated, and the suitable bonding stability for the substitution of primarily hydrated
water molecules for colorants led to the higher colorant uptake.

The water fastnsess of the fabric was in the order of Fe’">Cu**>Ni’". It should be reasonable to choose transition
metal ions with weak and strong tendency to the ionic and the coordination bond, respectively, to the carboxylate
anion of the silk protein.

Although further research needs to be done, the conclusions above may be generally applied to the natural dyeing
through the coordination bond mechanism between transition metal ions and colorants and substrates.
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K : absorption coefficient of the dyed fabric
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S : scattering coefficient of the dyed fabric
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Fig. 1. Flavone(a) and kaempferol(3,4,5,7tetrahydro
-xyflavone) (b).
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Fig. 2. IR spectrum of Cassia tora L. seed extract.
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Fig. 3. Relationship between K/S and dyemg
time. Fabricswere mordanted with 3x10°M
aqueous salt solutionsat 40Cfor 40min
and dyed with aqueous Cassia tora L.
seed extract at 40C.
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Fig. 4. Relationship between K/S and dyeing tlme
Fabrics were mordanted with 3x10°M
aqueous salt solutions at 40C for 40 min
and dyed with aqueous Cassia tora L. seed
extract at 60 C.
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Fig. 5. Relationship between K/S and dyeing time.
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aqueous salt solutions at 40°C for 40 min
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extract at 80°C.

<
<

KIS

® FesO,
o Niso,
v CusSO,

o T T T T T T T T T T

o 1 2 3 4 5 6 7 8 9 10

Concentration of salts(10 M)

3} Al

pil

lo

24&E 4 13

22 739 3xfo| 23} ol Adl] ule} =77} e 5,
F32] NGt oFE 22 573} 7] (Z)(secondary
hydration shell)& &/ 7Hch™ o] 7ol AgHal &%
2ol Aol Agke] sk Aol Mol vt Aol
Zr0]-2-2] A A (accessibility)ol] &3 8-S vl =22t A
2o},

dubd o2 AzPHE 7} A-E4F naked ©]-22
7)o} AAF 7Ae] Ao Ay 2ol Zrlel| 7kgh
A7) PAE B2 3] g7t wolA o]
J(mobility)o] DA nZ A7 =%r} 7hasghc],

Aol AR Ho| 9] Ux} W3 (Table 1)™
+ Fe, Ni, Cuell ts}e] zHz} 26, 28, 290]==2
A R Zreksld AZ|HEEE Fe’'<Nit'<Cu®
d A7 oAt x| "E 21 2}31 3} % (electron affinity,
EA), #7182 Z(electronegativity, EN), 3*}o]-23}
ol ] ] (third ionization energy, 3IE)S r2]3}#
JIAEEE 919 g5l RSNiT>CuT o
do] Al Aztdr) o] FHPL FEEE
Frel = 7] ARRE ZAHT A9
2¢] el it

F210] 7HA] f4m0) A ARSShE A 4 5 3w
23} EiAle] BiAle] /i Fe2+<Ni2+<Cu2+o] 3
Aol FErol uilste] AA o] A& 3= 13 5
3} 7Ae] e7l9] EEAl= A3t A o] 53l Z o]
T2 23 31 AAL] 3t e deal
Fe2+>Ni2+>Cu2+1-& & 5= glek o] F357} Al
HHA FEo] 22 Aol AT Hla A5e F

2

Table 2. Conductivities of aqueous salt solutions

Fig. 6. Relationship between K/S and concentrations Conductivities(mmho)
of salts. Fabrics were mordanted at 40°C for Salts . g
40 min and dyed with aqueous Cassia tora Concentrations of salts(*10°M)
L. seed extract at 40°C for 40min. 1 3 5 7 9
3.2.1 Ao 229 &3 FeSO, 1.38 3.12 4.81 6.18 7.38
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Table 1. Characteristics of the transition metals and their divalent ions™
Atomic Atomic radii Ionic radiill)  Eectronega- Elec?r.on Th“d romza-
Elements number. (A) (A) Giviti affinities tion energies
umbers vities (KJ/mol) (MJ/mol)
Fe 26 1.24 0.92 1.83 56.2 2.957
Ni 28 1.25 0.83 191 111 3.393
Cu 29 1.28 0.87 2.0 123 3.551
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