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Utilization of Metasequoia(Metasequoia glyptostroboides) Cone as a New Natural
Dye Resource(2): Dyeing Properties and Antimicrobial Functionality of Silk Fiber
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Abstract: The aim of this study was to investigate the possibility utilizing Metasequoia(Metasequoia glyptostroboides) cone
as a new natural dye resource. In previous study, dyeing onto cotton fiber was carried out and Metasequoia cone colorant

showed low affinity to cotton fiber and maximum dye uptake was obtained at pH 3.5 showing YR Munsell color. For

further evaluation of its efficacy as a new natural dye resource, effects of dyeing conditions and mordanting on dye uptake,

color change, and colorfastness were investigated for silk fiber. Metasequoia cone colorant showed good affinity toward silk
fiber showing YR Munsell color and maximum dye uptake was shown at pH 3.5. Post-mordanting with Cu and Fe improved
dye uptake, especially Fe(CsHijoFeOs) mordant was effective as much as 2 times higher dye uptake comparing with

un-mordanted sample. The color of dyed fabrics with mordanting showed YR Munsell color. Fe mordanted fabrics appeared
dark gray~black color. Colorfastness to washing was relatively good, whereas lightfastness of the dyed fabrics showed grade
2. It was confirmed that Metasequoia cone colorant can be used as a new dye resource for silk fiber getting brownish
yellow to dark gray/black color depending on mordant type. In addition, it showed antimicrobial functionality.

Keywords: metasequoia cone colorants, silk, hydrolyzable tannins, colorfastness, antimicrobial functionality
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Figure 1. Chemical structure of hydrolysable tannin
(gallotannic acid).

Table 1. Mordants used in this study
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No Name Chemical structure Code
1 Aluminium ammonium sulfate Al>(SO4)3(NH4)SO4-24H,0 Al-1
2 Aluminium potassium sulfate AIK(SOs4), 12H,0 Al-2
3 Cupric sulfate CuS04-5H,0 Cu
4 Iron(Il) sulfate FeSO4-7H,O Fe-1
5 Iron(Il) lactate hydrate CsHioFeOs Fe-2
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Figure 2. Effect of concentration on the dye uptake of
silk fabric(100°C/60min).
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Figure 3. Ionic bonding between silk and hydrolysable tannin.
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Time(min)

Figure 4. Effect of dyeing time on the dye uptake of
silk fabric(3% o.w.b., 100°C).
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Figure 5. Effect of dyeing temperature on the dye
uptake of silk fabric(3% o.w.b., 60min).
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Figure 6. Effect of pH on the dye uptake of silk fabric
(3% o.w.b., 100°C/60min).
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Table 2. Effect of pH on the L* a* b* and H V/C
values of silk fabrics*

pH L* a¥ b* H v/C
3.5 51.20 12.65 22.08 6.2YR 5.0/43
4.7 55.12  12.62 19.81 S5.1YR 5.4/4.1
6 57.39 1386 1595 2.6YR 5.6/3.9
7 5736 11.94 19.84 S5.6YR 5.6/4.0
9 63.00 11.82 1397 28YR 6.2/3.4

*dye conc.: 3%(0.w.b.), 100C/60min



ME2 MHEME M olEtHIFI0lof Hojo] &&(2)

ANM=
ALR ¥

AT FLA, I Qe FAH oA

= et

A= I
we N

3.2 K SRl ©E FEZ Marol st

Figure 7% W gA| FFo @& KSis 7474
Uetd Aolth. middt NE= ¥Frw ASE
Asta Fojg AlgEo 25 K/Sgo|l 5715
a2 st

53] H(CsHioFeOo)= "iHT A5 7Md =2
K/S#E uUgWn. dRugol22 oMfRAE
FstH, o] AL AL A o|7] wjiZo] Hol
231 22 HolgHolko] At HAEE 2
Axct dgkgo] ofsfiA FRAFI A4t w3t
He Aoz FHA U

A SRl TE M A=Y M WHI
L Table 33} Zt}

AFH)S wiE o Fet Al ZF YR AES
Uefgth BEWZ AEOE Bl 25 oA
2 RE AN Fasidth LEE WA E8
of BAR] BE Frastel WE g3 2e ATS
Uehl QAT a*gtel Fas Haviee]
48, b3 Fak FAvIee] %aR ofnjsiol

285

K/S value(400nm)

None Al-2 Cu Fe-1

Mordant

Figure 7. Effect of post-mordanting on the dye uptake
of silk fabric(dye conc.: 3% o.w.b., 100°C/60min, mordant
conc.: 3% ow.f, 40°C/30min).
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Table 3. Color change of the dyed silk fabrics by mordanting

Mordants H v/C L* a¥ b* Dyed Samples
Un-mordanted 5.1YR 5.4/4.1 55.12 12.62 19.81
Alx(SO4)s(NH
(AL(504)s(NHs) 6.0YR 5.5/3.9 55.94 11.32 19.64
SO, 24H,0
AIK(SO4), 12H,0 59YR 5.5/4.0 55.50 11.54 19.79
CuSO4-5H,0 77YR 5.1/3.7 52.19 9.66 20.00
FeSO,-7TH,0 8.7YR 3.7/0.9 37.96 2.43 5.11
CsHioFeOq 35YR 2.8/0.3 28.63 123 1.24
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Table 4. Colorfastness of the dyed silk fabrics
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Washing Rubbing
5 Lightfastness
Mordant Color Stain
. Dry Wet (20hr)
change First Second

Un-mordanted 3/4 5 5 3/4 3 2
Al-1 3/4 5 5 3/4 3 2
Al-2 4/5 5 5 3/4 4 2
Cu 4 5 5 4/5 4 2
Fe-1 3/4 5 5 4/5 4 2
Fe-2 3/4 5 5 2/3 2 2
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