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Cathodic Coloration of Silk Fabric Treated with Silver Nitrate
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Abstract— In this article, silk fabric was treated with silver nitrate (AgNOs) as oxidizing agent, with conditions such as
concentration, and treating time, and subsequently treated with reducing agents such as sodium boron hydride (NaBH4) and sodium
sulfide (Na,S) to obtain cathodic coloration. After coloration of silk fabric, dyeing properties (K/S value), colorfastnesses such as
wash, rubbing and light, and antibacterial activity property were examined. AgNO; treating time and reducing time did not influence
K/S value, whereas the pH value at alkaline region showed a high K/S value of silk fabric. The cathodic colorations of silk fabric
with both of reducing agents at 30°C have excellent color fastnesses. Also the high antibacterial activities were obtained by the

treatment with silver nitrate even at 1% of lower concentration.
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Where, K : absorption coefficient
S : scattering coefficient
R : reflectance
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Where, A : bacteria number per 1 mL in flask
before shaking (0—time)

B : bacteria number per 1 mL in flask
after shaking (test—time)

Bacteria reduction rate (%) = x 100
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Table 1. Redox reaction mechanism of coloration of
silver10

2AgNOs(s) + Na,COs — AgyCOs(s) + 2NaNOs

White color
AgCOs(s) + 2NaOH — Ag,0(s) + NaCOs  + H,0
White color
Ag,0(s) + 2NaCl + H,O — 2AgCl(s) + 2NaOH

Brown color

Brown color White color
AgCl(s) + 2NH; — [AgNHy);]" + I
White color Colorlessness

[AgNH3),)" + €I + NaBr — AgBr(s) + 2NH; +NaCl
Colorlessness
AgBr(s) + 2Nax$,0; — [Ag(S:05]° + 3Na’™ + NaBr
Yellow color
[Ag(S:02] + 3Na' + Nal — Agl(s) + 2Na$;0s
Colorlessness
Agl(s) + 2NaSCN — [Ag(CN),]  + Na' + NaSI
Cream color
2[Ag(CN),] + 2Na® + NaS — Ag,S(s) + 4NaCN

Black color

Yellow color

Colorlessness

Cream color

Colorlessness

Colorlessness
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Table 2. Reaction mechanism of silver nitrate and reducing agents

2AgNOs(aq) + NaS(aq) — AgS(s) + 2NaNOs(aq)

Grey color

2AgNOs(aq) + NaBHi(aq) — 2Ag(metal) + NaNOs(ag) + BH3; + le

2

Yellow color
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AgNO3 concentration (%, o.w.f.)

Fig. 1. Relationship between K/S value of silk fabric
and AgNQOs concentration(pH/treating time/reducing
agent conc./reducing time: 13/10 min/5% o.w.f./10 min.).
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Fig. 3. Relationship between K/S value and treating
time of silk fabric.
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Fig. 2. Relationship between K/S value and pH
condition of silk fabric.
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Fig. 4. Relationship between K/S value and reducing
agent concentration of silk fabric.
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Fig. 5. Relationship between K/S value and reducing
time of silk fabric.

Table 3. Color depth of silk fabric by NaBH4 cathodic
coloration

Coloration « X x .
condition L a b C h
Regular 86.68 -0.13 1.51 1.51 94.78
1 3521 10.57 25.8 27.90 67.68
AgNO; 3 3270 9.76 21.02 23.20 65.08
E;I;?) 5 3320 7.56 19.56 21.00 68.84
7 33.10 7.57 17.70 19.24 66.83
4 50.65 6.70 23.51 24.45 74.10
sz) 7 45.10 3.18 15.00. 15.33 78.00
10 36.56 6.10 21.02 21.89 73.79
13 3393 8.15 20.81 22.35 68.60
5 3329 833 18.10 19.90 65.23
t?egig; 10 32.83 7.93 1892 20.52 67.22

15 29.80 7.47 14.80 16.60 63.19

. =3
time (Min)™ 55 3050 8.10 16.51 18.40 6396

31.07 590 14.50 16.00 67.88

Reducing 32.16 7.30 17.50 19.00 67.35

agent conc.

(%)”
33.78 8.70 20.23 22.00 66.89

1
3
5 3270 9.22 20.05 22.10 65.27
7
5

29.59 7.37 15.10 16.80 63.94
Reducing 10 32.81 732 16.60 18.10 66.13
time (min)® 15 3150 7.50 15.62 17.32 64.38

20 30.86 7.05 15.81 17.32 65.96

U pHftreating timefreducing agent conc./reducing time : 13/10
min/5%(o.w.f.)/10 min.

2 AgNO; conc,treating time/reducing  agent conc,/reducing  time
5%(0.w.£)/10 min/5%(o.w.£)/10 min.

P AgNO; conc/pHreducing agent conc/reducing time : 5%(o.wf)
/13/5%(0.w.£.)/10 min.
K AgNO; conc./pHtreating timefreducing time : 5%(o.w.f.)/13/10

min/10 min.
2 AgNO; conc./pH/treating time/reducing agent conc. : 5%(o.w.f.)/13/10
min/5%(o.w.f.). Regular : untreated silk fabric

118 | 794755315 A 214 A 2%
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Table 337} 4= 3 YA4 NaBH, 4 Na,SZ 3¢ &
AN A2 B L5 0%, b 9 Ok b gE 22t
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Table 4. Color depth of silk fabric by Na>S cathodic
coloration

Colo%ra%tlon L o b c h
condition
Regular 8668 -0.13 152 151 94.78
1 5434 420 19.69 20.14 77.92
ANO, 3 5023 373 1700 17.38 77.58
conc. (%) 5 4629 343 1572 16.10 77.65
7 4624 295 1487 15.16 78.75
4 6143 325 17.00 1730 79.15
. 7 4700 215 907 932 76.65
P 10 4942 162 1100 11.12 81.59
13 47.16 3.10 1522 15.53 78.49
5 4826 374 1698 17.40 77.53
AgNOs 10 4860 365 1724 17.63 78.02
treating
. 15 4702 350 1590 1624 77.70
time (min)
20 4776 321 16.13 1645 78.70
1 5014 211 1048 10.69 78.58
Reducing 3 4741 241 1312 1334 79.56
agent conc.
@ 5 4770 320 1549 1582 7828
7 4588 381 1696 1738 77.29
5 4481 224 1234 12.54 79.66
Reducing 10 47.50 370 17.00 17.34 77.70

time (min) 15 4622 3.32 16.00 1640 7824
20 4541 2.80 14.75 1501 79.35
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Table 5. Color change of silk fabric with cathodic coloration

Coloration NaBH, Na,S
condition
Regular
I N
conc.
% s I
- I S
+ I
- I
pH
o NN
s N
s I
treating
» I
I
agent conc.
% s I
- 1
s I
e =
- [

Regular : untreated silk fabric

Na,Sof o) gt ¢ A 2= L* gto] NaBH,
of o) wAE 2R £A ekt A4 dotx]
g Ae & 4 9t

Table S @ wAy A3 59 MAS e

YA E A5 MAS HH A G
iM QHHZ}E ol gstel Au AT} ulaT WS
A+ AT

A A2 o2 NaBHs7} Na,So] H]3) A3t AMAL U
ehllo ), NaBHi= 247 49 A4, NaxSt 34
ALY A% vyede A& ¢ & Ak

34 YMAZE U I

A2 7 744 @A NaBHy 9 NaSof 93)
o A E A3 A= AE, vhE 4 4F dF=
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Table 6. Color fastnesses of silk fabric by NaBH; Table 7. Color fastnesses of silk fabric by NaxS

cathodic coloration cathodic coloration
Coloration Washmg Rubbing . Coloration V‘Vashmg Rubbing .
dition Contamination - Color Wer Light condition Contamination Color Dry Wet Light
conct Silk Cotton change v Silk Cotton change
1 45 45 4 4 4 4 1 34 34 4 4 4 3
AgNO AgNO;
gn 3 45 45 4 4 4 4 o 3 4 4 4 4 4 4
cone. 5 45 45 5 4 4 4 . 5 4 4 4 4 4 4
(%) 7 45 45 5 4 4 4 (%) 7 45 45 4 4 4 5
4 4 4 4 4 4 4 4 45 45 4 4 4 4
. 7 4 4 4 4 4 4 H 7 45 45 4 4 4 4
P 10 45 45 5 4 4 4 P 10 45 45 4 4 4 4
13 45 45 5 4 4 4 13 4 4 4 4 4 4
. 5 4 4 4 4 4 4 . 5 45 45 4 4 4 4
Treatin
Treating 0 45 45 s 4 4 4 . € 10 45 45 4 4 4 4
time 545 45 5 5 4 4 ' 15 45 45 5 5 5 4
(min) 20 5 5 5 5 5 4 (min) 20 5 5 5 5 5 4
. 1 4 4 4 4 3 a4 . 1 45 45 4 5 4 4
Reducin
Reducing o /s 45 5 4 4 4 8 3 45 45 4 5 4 4
agent conc. 5 45 45 5 4 4 4 agent conc. 5 45 45 4 s 4 4
(%) 7 5 5 5 5 5 4 (%) 7 5 5 5 5 5 4
. 5 4 4 5 4 4 4 . 5 4 4 4 4 4 4
Reducin; Reducin;
p £ 1045 45 5 4 4 4 . £ 10 4 4 4 4 4 4
fme 5 5 5 55 5 4 : 15 45 45 5 5 5 4
(min) 20 5 5 5 5 5 4 (min) 20 5 5 5 5 5 4

Table 8. Antibacterial test against S. aureus and K. pneumoniae of silk fabric by cathodic coloration

Bacteria reduction rate (%)

Colorati
oloration NaBH, NasS
condition - -
S.aureus K.pneumoniae S.aureus K.pneumoniae
Regular 21.8 26.1 20.7 24.8
AZNO» 1 9325 92.87 95.56 98.25
e 3 97.63 95.23 97.98 98.46
8 ‘ 5 99.99 99.99 99.99 99.99
(%) 7 99.99 99.99 99.99 99.99
4 98.72 98.95 98.86 99.12
o 7 99.45 99.89 99.99 99.99
P 10 99.99 99.99 99.99 99.99
13 99.99 99.99 99.99 99.99
. 5 99.99 99.99 99.99 99.99
Treating
. 10 99.99 99.99 99.99 99.99
© 15 99.99 99.99 99.99 99.99
(min) 20 99.99 99.99 99.99 99.99
. 1 99.99 99.99 99.99 99.99
Reducing
seent conc 3 99.99 99.99 99.99 99.99
i ' 5 99.99 99.99 99.99 99.99
(%) 7 99.99 99.99 99.99 99.99
. 5 99.99 99.99 99.99 99.99
Reducing
i 10 99.99 99.99 99.99 99.99
1me 15 99.99 99.99 99.99 99.99
(min) 20 99.99 99.99 99.99 99.99

Regular : untreated silk fabric
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