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Effect of Tannin Mordanting on Gromwell-dyed Silk Fabric
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Abstract— The purpose of this study was to check color change depending on dyeing conditions when silk fabrics was dyed
with gromwell and to investigate mordant effect when synthetic tannin was used as a mordant. First, when silk fabrics were dyed
with gromwell, the change of color, brightness and chroma were examined by measuring K/S value, a, b value, L value and C
value depending on dyeing condition. Second, color, brightness and chroma differences which appeared after mordanting with
synthetic tannin were investigated and muti-functional mordanting effect was confirmed with dyeing fastness, antibiosis.

As a result of color analysis of gromwell, it was proved that the main pigment of gromwell was shikonin. Color was red purple
at pH 3 when silk fabrics were dyed with gromwell. But It became greenish and bluish as temperature rose and time passed by.
And it grew reddish and yellowish as concentration level reached higher. The color became purple at pH 5 and purple blue at
pH 7. Both at pH 5 and pH 7, it became greenish and yellowish, as temperature went up and time ran by. And it became reddish
with concentration increasing. Brightness and chroma decreased with temperature and concentration increasing as well as time
passing by. After mordanting with synthetic tannin, the color became less reddish at pH 3 and reddish-yellowish at pH 5 and pH
7. The brightness increased and the chroma decreased. At all pH, the color, the brightness and the chroma became similarly by
synthetic tannin mordanting. Dyeing fastness of synthetic tannin mordanted fabric was higher than that of non-mordanted fabric.
Especially, wet fastness at pH 3 improved from 1 grade before synthetic tannin mordanting to 3~4 grade after tannin mordanting.
Antibiosis was improved by gromwell dyeing and synthetic tannin mordanting.
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Table 1. Characteristics of fabric
Fiber Weave Fabric counts Weight  Thickness
(%) Warp Weft  (g/m) (mm)
silk 100 satin 104 80 64 0.13

22 A5 U Al

AqY FE2 AT $v= 01]%%(C2H50H Duksan
Pure Chemical Co., Lid)2 AF&5}9 1L, AF2 GA A
pHe FHAHCeHsO; H,0, Duksan Pure Chemical Co.,
Ltd)3} ©AN}EE(NayCO;, Duksan Pure Chemical
Co, Ltdyz AHES zAsigch 44 AP
Nutrient Agar(DIFCO Lab.), Nutrient Broth Agar
(DIFCO Lab.), Brain Heart Infusion Agar (DIFCO
Lab.), Tryptone Glucose Extract Agar(DIFCO Lab.),
Sodium Chloride(NaCl, Duksan Pure Chemical
Co., Ltd), Sodium Phosphate Monobasic(NaH,PO;-
2H,O, Duksan Pure Chemical Co., Ltd), Sodium
Phosphate Dibasic 12-water(Na,HPO,:12H,0, Duksan
Pure Chemical Co., Lid)E A&3stgch wgA=
B (CyHs5046, Duksan Pure Chemical Co., Ltd)
& AT ool Aok BE 153 A8ttt

222 Az 100g% oL 1000nLe]
Feold 608zt 330] AX Wagich Az
Evaporator(Rotary Evaporator Re 200,
Yamamoto, Japan)E AFE3Ste] 1002 Y =
sl Arg st gt

2.3.2 UVo| 2st MA HAM

UVol 93t Ma BAE 2k% 25g2 ofleE 250mbo]
a3 JA7F =9 £:(20, 30, 40, 50, 60C)E
WA A FdAH & ZT, UV-Vis Spectrometer(UV-
1201 Spectrometer, Shimadzu)& AHE3}e] 380~750nm
XN FZ=E SAsA
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2.3.3 IRof| 2fst AL
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o 91 AelN 3% 42 99 UE7as
ATRYo] <jste] HeH 23 EA7](Spectrum one
FT-IR Spectrometer, Perkinemer)E& A}-&3te] 273
shsiet

234 gM o piH

AZE ogd ANE AN A 43
HA37) 9stel Az Aolol pHG, 4, 5, 6, 7, 8, 9
LE(40, 50, 60, 70, 80°C), A|7HQ20, 30, 40, 50,
60min), F%=(40, 80, 120, 160, 200, 240%, o.w.f)&
HStA A dAstg Tt o] i dulE= 50:12 3R 7t
=Y e F5H FRFE Gt InE
grEqlt.

Az g4 Adge] FHRY gL o) eol,
60T, A7t 308, 5% 100%(o.w.no| A TojdHoe=z
sttt

235 KISt &d™

K/SZr-& Computer Color Matching System(JX777,
Japan, o[s} CCMelet = AHgdte] G4 Al=e

W YARES 34T ¥, Kubelka-Munk2]of  &j3]
ArE3H AT

L IELES.E

—

(1-R)’
K/S = 2R
K : Absorption coefficient

9]

. Scattering coefficient
R : Reflectance coefficient

236 EHM =H

FHMLE CCMZ AHEst AR X, Y, Z @<
273t Munselld] FAA W3 o] osta] A=
(OF T3k%lth. £33 CIE Lab Mzko] 9J5}of L¥, a¥,
bae 23sect

237 HMARE =X

NEAFE= Launder-O-meter(Koa Shokai Ltd,
Kyoto, Japan)2 A3kl KS K I1SO 105-COlo|
Z5n, celol2 Y AREE Sofo|2 ey AW
(Sungshin Testing M.C Co, Korea)E A4-3}l¢] KS K
ISO 105-D019) &3t =A 3519}

238 gy &4

G ANEY FA A2 Staphylococcus aureus
A T ALH, ATCC6538)S AML3t9 1, Az
44 9 gHEUdY 2489 RS 24
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Fig. 1. UV-Vis spectrum of Gromwell color extracted
by ethanol.
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Fig. 2. FT-IR spectrum of Gromwell color extracted
by ethanol.
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Table 2, Fig. 3-6= ztzo] ojg ANE 4 A
dH| 50:1, % 60T, A|7F 308, 5% 160%(o.w.f.)2]
2494 Ax 32 999 pHG, 4, 5, 6,7, 8, HE

HIA A FM -, K/SH, agh, bgh, Lk, CRHY
S 2o

Table 29 Urebd vie} Zo] pH 3, 49 2, K/S
g2 520nmof A HjgE YE ot 520nme
Az A5 FHRQ AZIY HdF4abgoltt
a=y pH 5~99 Z¢ S60nmoflA o K/Sghs
UEr i o= pH 5~99l4 Atz /9 A=

2 Moz gagEs Yuigtth. Fg 3o uehd
HjeF Zro] agh pH7E AMollA @ZEd o= v
g2t OS] oA HAHeR sl b
QWA ARy oz Zastgct. wetd pH7F
AVgollA gzeld o2 uHge] weh A AR
greenish & bluish 3jA AHJoA & redo], F4olA =
red-blued]], &ZaA AL blued] 7H7HS MAS
O A ¢ & Yok ol pHb 7Kl whet
AN Age] Zasty wPgA Ago] FrlRith=
AYAT 23 o= dA s daolo. E3 22
FES VY BEEE UH F50EE Yokl
% 520nmol A 578nmZE  Fu A7t H3ste,
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Table 2. Effect of pH on K/S value of Gromwell-
dyed silk fabric

pH A max(nm) K/S
3 520 421
4 520 437
5 560 455
6 560 4.47
7 560 4.85
8 560 477
9 560 4.40

(Dyeing condition ; temp. 60C, time 30min., conc. 160%,
o.w.f)

(+b)
5 10 15 20 25
(-a) : : : : — (+a)
4T B
.8 4
c
12+
16 + ED
20 + G

(-b)
ApH3 BpH4 CpH5 DpH6 EpH7 FpH8 GpHO
Fig. 3. Effect of pH on a and b value of Gromwell-
dyed silk fabric.(Dyeing condition ; temp. 60C, time
30min., conc. 160%, o.w.f)
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Fig. 4. Effect of pH on L value of Gromwell-dyed silk
fabric.(Dyeing condition ; temp. 60C, time 30min.,
conc. 160%, o.w.f)
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Fig. 5. Effect of pH on C value of Gromwell-dyed silk
fabric.(Dyeing condition ; temp. 60C, time 30min.,
conc. 160%, o.w.f)

pH3 pH 4 pH 5 pH 6

Fig. 6. Effect of pH on color of Gromwell-dyed silk
fabric.(Dyeing condition ; temp. 607C, time 30min.,
conc. 160%, o.w.f)

oo & dAFolde HAEY A2 G Al A=
&AM 7= 42 pHE A9Yg pH 3~7 FoA
Az 159 red purple MR FHEE= pH 3,
purpleZ2 G EE pH 5, purple blueZ FAEHE=
pH 72 Aelsho} 2t pHolH Qojx= 3747 Aafol
UL, AL AxFEo oHT TS TeA
AH ez g

322 20 e Fek

Table 3, Fig. 7~10Z 22 o3 A= AH Al
] 50:1, AIZF 308, HE 160%(0.w.f)Q ZZA
pHE, 5, 7), =40, 50, 60, 70, 80C)S H3}A|A
AN %, K/SEL agh, bk, Lg), Cobs 34 2Ttol

Table 3°] \ebt vhe} o] pH 39 A K/Sgt2 40,
50, 60C<] Z<$ 520nmolA HighS, 70, 80TY
3% 27} 560nm, 580nmolA HoighE e ST
o[} o] pH 34 FM2k=o] wet K/S gt
UeEtd= 7t gehale A2 ¥R ot o
Ages dAEE As gugdt. ofs dE2=
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Table 3. Effect of pH and temperature on K/S value 60
of Gromwell-dyed silk fabric
55 —

50 —

4 L a
3 s -
‘_>“ :\
340 - '&-\.
L .\‘

Iy N

Temperature(T)

--pH3 -a-pH5 -m-pH7

pH 3 pH 5 pH 7
Temp.
(GC) /1max K/S /1max K/S Amax K/S
om B am P wm M
40 520 2.60 560 330 560 3.99
50 520 320 560 3.69 560 4.22
60 520 4.21 560 455 560 4.85
70 560 5.18 580 5.19 580 4.65
80 580 7.21 580 7.53 580 5.30
(Dyeing condition ; time 30min., conc. 160%, o.w.f)
(+b)
0 4 8 12 16 20 24 ZB a
(-ay—© t t t t } P } (+a)
41
e d
8+ .
%
A2y D 3 1
2
4164 c
20 +
B abcde pH3
247 A 12345  pH5
ABCDE pH7

(-b)
a-1-A 40C b-2-B 50C ¢-3-C 60C d-4-D 70C e-5-E 80C
Fig. 7. Effect of pH and temperature on a and b value

of Gromwell-dyed silk fabric.(Dyeing condition ; time
30min., conc. 160%, o.w.f)

40 50 60 70 80

Fig. 10. Effect of pH and temperature on color of Gromwell-dyed silk fabric.

Fig. 8. Effect of pH and temperature on L value of
Gromwell-dyed silk fabric.(Dyeing condition ; time
30min., conc. 160%, o.w.f)

C value

40 50 60 70 8
Temperature(T )

--pH3 -a-pHS5 -m-pH7
Fig. 9. Effect of pH and temperature on C value of

Gromwell-dyed silk fabric.(Dyeing condition ; time
30min., conc. 160%, o.w.f)

(Dyeing condition ; time 30min., conc. 160%, o.w.f)

J. of the Korean Soc. of Dyers and Finishers, Vol. 20, No. 6 | 55 |



S0y - SEtE - ZoY

[ i

H?

3 29| ML 55T o|AtoA o] o
2 A2 Aol tgsitte A7 Ane Az
291 shikoning A 23} F2oA Hae o

PN 5

=
=
4 3
£go| ¥l RLYSE Yol B9 o
itk pH 5, 7904 K/SEE 40, 50, 60T 7
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580nmo A gt YeEtol pH 5, 79X4%= pH
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Fig. 70 uepd uhel ZHo] pH 304 aghd gM
2271 ool weh (+) WYoA FAAHeE A
SHEIL bt AM2E7F 40CoA S0CE A5 Al
(HHAelA Zastn 60T oA () flA
AR o2 F4astqitt o] 2 =RE pH 304 A4S
A7t =obglo]| wal greenish & bluish 3 A=
A& & 4 Sith pH 59 pH 7oA & agle 2&71
Eorgol ek MHEYAdA FAHowm Hasta,
bt RN HAH ez F7lstgith wEkA pH
5, oA e QAL =7} Fobglof wat greenish &
yellowishd} 2= ZA& & 4= ot

Fig. 89| Uehd ®ReF ZHo] Lghe pH 3, 5, 79
S BE GARETE Fopile wat HAFoE fHa
stof 40ColA Hdigts, 80CoA HagkE ueE
Witk o] AR RE BEL GNLE Fol0E
SoldE A& ¢ 4 gt @ pH 39 agx
1471k pH 59 78] T Zuct AAAA ek,
pH 58 = 7]&7]= pH 79 TP ZHT} FAAA
Wbt debd WEE pH 34 @8eEe Jge
7P ol ®a1, pH 7oA 7H AHA e A ¢
4 k. Fig. 99 Cg2 pH 3, 5, 7 2% 2&7}
=obglo] wet AAHer Fasts ALE UEL,
A ML F7hete met RolRe As
gelstgit.

Fig. 102 F3A MA2 pH 39)A red purple<,
pH 59| A purpleZ, pH 79 A purple blueE WEfn
BE pHOlA @HR=7h Eopfle] wEh MA2
bluishd} 2] 1 o} A2 gej2= A Felstit
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Table 4, Fig. 11~14= %tz0] o3t AXE A4 A
AH| 50:1, 2% 60T, 5= 160%(0o.w.f)e ZA|A
pH@G, 5, 7), A7H?20, 30, 40, 50, 602)S HIIA A
A =, K/S3L, agh, bgt, Lk, Cats 583 2ot

Table 40] Uebd uhel o] pH 39 A K/SZ-E 20,
30, 40, 5029 AL 520nmof A, 6029 AL 540
nmol A HgtE YErSiTh o]eh Zro] FAA|Zt

fo o v B

| 86 | =94 7F3*8/2]+ A 204 A 6&

we K/S Azte tehhs mmrh gekAE AL pH
304 ANl whet Be Ajom duEE A
ofulgieh. pH SolA K/SEe @4l Alzko] BAglol
seonmol 4] FzEe Lhekfol, @4l ko] BAglol
FU% Moz JuRe o 4 otk AU BE
K/SZEE 30804 BA3 Z718A8 1 o Foli 2
o7k Qe AL & 2 k. pH 7914 K/SEHE 20,
30829 AL 560nm, 4029 AL 570nm, 50, 6029
A% s8onmol 4 Hegke ehiglch ol pH 3o]
Aot SR GANZRe] ke Aol T
AU AL g

Fig. 119] Uehd uhoh 2o] gaixze] whe agh,
bREE pH 3004 @AAZr] ZAolde] Wb aghe
OUSAOIA IS QU SOIA A3kl Teka pH
3014 ARre AeiAzke] Lojdol Tet greenish &
blush} = AS & % Yk pH 5, 7914 agte
QuAzEel ool wet (EYN Ao,
bEEE EHIN Z7HsHATh TekA pH s, TolA
AAre HA7k0] ZolHo] W} grecrish & yellowish

AL AL & 4 9t

Table 4. Effect of pH and time on K/S value of
Gromwell-dyed silk fabric

Time - pH 3 - pH 5 - pH 7
(rmn) max K S max K S max K S
om) < am 5 am M

20 520 339 560 3.98 560 4.48
30 520 421 560 4.55 560 4.85
40 520 444 560 4.60 570 5.06
50 520 440 560 4.64 580 4.59

60 540 4.69 560 4.75 580 4.45
(Dyeing condition ; temp. 60C, conc. 160%, o.w.f.)

(+5’)

4 8 12 16 20 24
0 4 4 4 4 4 4
(-a)—9 PR (+a)
-4 ed
-84 5
4 3
A2y 2 1
e D
C
16+ B
=20+ abcde pH3
A 12345 pH5

24+ ABCDE pH7

(-b)
a-1-A 20min  b-2-B 30min ¢-3-C 40min d-4-D 50min e-5-E 60min
Fig. 11. Effect of pH and time on a and b value of
Gromwell-dyed silk fabric.(Dyeing condition ; temp. 6
07, conc. 160%, o.w.f)



AXNZO = M A SHEHO HE St
50 ,
R
8- 56 -
46 |— 5.4
5.2 — A \
44 —
. 5.0 |
g 42 - % \. g 4.8 -
3 T T 4.6 -
30 ><!> . O 4.4 - \.
N \!%. a2 |
B 4.0 ‘\
®
36 — 3.8
O/l/ | | | | | | | | /l/ 3.4 - 1 1 |
10 20 30 40 50 60 70 80 90 100 20 30 40 50 60
Time(minutes) Time(minutes)
--pH3 -a-pH5 -m-pH7 --pH3 -a-pH5 -m-pH7

Fig. 12, Effect of pH andtime on L value of Gromwell-
dyed silk fabric.(Dyeing condition ; temp. 60°C, conc.
160%, o.w.f.)

20min 30min

40min

Fig. 13. Effect of pH and time on C value of Gromwell-
dyed silk fabric.(Dyeing condition ; temp. 60°C, conc.
160%, o.w.f.)

50min 60min

Fig. 14. Effect of pH and time on color of Gromwell-dyed silk fabric.
(Dyeing condition ; temp. 60°C, conc. 160%, o.w.f)
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EF GAAZEo] Fbgte] met aste Jme
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Fig. 142 B34 98AI7re] Aoige] mhet AL
bluish#| WA ol FAT SAE 2S Faldtget.
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Table 5, Fig. 15~182 Atz 93t A& g4 A
ou] 50:1, 2= 60°TC, AJ7F 3029 27fA] pHE, 5, 7),
L1(40, 80, 120, 160, 200, 240%, o.w.H)S HIIA|A
AN =, K/S3L, agt, bat, Lak, Ct 34 Aot
Table 5] uetdt whe} o] K/Sghe pH 304
ANEE 40%9] 72 560nmol|A], 80%2] - 540nm
o A, 120, 160, 200, 240%¢] A< 520nmoj A
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Table 5. Effect of pH and concentration on K/S value
of Gromwell-dyed silk fabric

Conc. pH 3 pH 5 pH 7
% A max /1 max /1 max
® o K am XS am KIS

40 560 145 560 1.62 580 1.58
80 540 238 560 245 580  3.00
120 520 319 560 377 580  3.58
160 520 421 560 455 560 4.85
200 520 461 560 471 560  5.09
240 520 511 560 489 560  5.65

(+b)
] 4 8 22 16 20 % .2
(-a)—@ } } } } } de —(+a)
b C
4 a
_80
6
1
1 5
12 A 2
34
B E
-16 F
Cp abcdef pH3
201 123456 pH 5
ABCDEF H7
() P

a1-A 40% b-2-B 80% c3C 120% d-4D 160% e-5E 200% f6-F 240%
Fig. 15. Effect of pH and concentration on a and b
value of Gromwell-dyed silk fabric.(Dyeing condition ;
temp. 60°C, time 30min.)

40% 80% 120%

[ 3
55 | f\
50 |-
.\.\.
40 - —

35_L e

V4
/

100 150 200 250
Concentration (%)
--pH3 -a-pH5 -m-pH7
Fig. 16. Effect of pH and concentration on L value of
Gromwell-dyed silk fabric.(Dyeing condition ; temp. 6
07, time 30min.)

/
e

C value

0 e
| | | | |
0 50 100 150 200 250

Concentration(% )
-@-pH3 -a-pH5 -m-pH7

Fig. 17. Effect of pH and concentration on C value of
Gromwell-dyed silk fabric.(Dyeing condition ; temp. 6
0C, time 30min.)

160% 200% 240%

Fig. 18. Effect of pH and concentration on color of Gromwell-dyed silk fabric.
(Dyeing condition ; temp. 60C, time 30min.)
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Table 6. Effect of dyeing pH and tannin mordanting on
K/S value of Gromwell-dyed silk fabric

K/S
pH A max(nm)
None Tannin
3 540 5.11 3.19
5 550 4.89 2.59
7 560 5.65 2.74

(Dyeing condition ; temp. 60C, time 30min., conc. 240%, o.w.f)
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Fig. 19. Effect of dyeing pH and tannin mordanting on
a and b value of Gromwell-dyed silk fabric.(Dyeing
condition ; temp. 60°C, time 30min. conc. 240%, o.w.f)

J. of the Korean Soc. of Dyers and Finishers, Vol. 20, No. 6 | 59 |



12
=
02
Ok
fon
H?
IS
e
02

60 [ ] None
551 Il Tannin
50
45 -
40 -
35
30
25+
20 -
15
10 -
5
0

L value

pH3 ’ pH5 ’ pH7

Fig. 20. Effect of dyeing pH and tannin mordanting on
L value of Gromwell-dyed silk fabric.(Dyeing condition
; temp. 60°C, time 30min. conc. 240%, o.w.f)
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Fig. 21. Effect of dyeing pH and tannin mordanting on
C value of Gromwell-dyed silk fabric.(Dyeing condition
; temp. 60°C, time 30min. conc. 240%, o.W.f)
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Fig. 22. Effect of dyeing pH and tannin mordanting on

color of Gromwell-dyed silk fabric.(Dyeing condition ;
temp. 60C, time 30min., conc. 240%, o.w.f)
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Table 7. Effect of dyeing pH and tannin mordanting on wet/dry cleaning fastness of Gromwell-dyed silk fabric

Wet cleaning fastness

Dry cleaning fastness

stain

stain
fade

pH fade

silk cotton

silk cotton

None Tannin None Tannin None

Tannin None

Tannin None Tannin None Tannin

3 1 3~4 3 4 4
5 3 34 4 4 45
7 3 4 4 4 4

4 4~5  4~5  4-5 4 4~5
3~ 4~5  4~5  4~5 4 4~5
4 4~5  4~5  4~5  4~5  4~5
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Fig. 23. Antibiosis of tannin solution.
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