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Study on routine light aging of silk dyes in museums
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Abstract: Light has irreversible damage to silk cultural relics and dye loss is an early phenomenon. In the present
study routine light aging experiments were used to investigate the color fading rate of five vegetable dyes which were
frequently used for antique silk fabrics including amur cork pagoda tree sapanwood madder and shikonin under
halogen and LED lamps. The results show that the color fastnesses of amur cork and pagoda tree were the worst under
halogen and LED lamps while that of sapanwood was the best. High performance liquid chromatography ( HPLC)
was further used to analyze the light aging process of the dyes. Since routine light aging experiments mimicked the
real aging process of silk fabrics under the normal illumination conditions in museums the experiments were close to
the real aging process. The results are useful for illumination design in exhibition and conservation of historical silk
textiles to minimize the light loss.

Key words: vegetable dye; light aging; light source; light color fastness; silk cultural relics

5 LED
20170307 £ 20174242 1
: ( 1107344-M)
(1972—) 1.1
. : \ . . (



v40%)

Vol.55 No.1 55 1
Jan. 2018 Journal of Silk 2018 1
) ; 11206 ( A 1
) LED
1.2 AE 2 o 50 Lux
1.2.1 >
> > > o LED
pH 1 LED
pH ; 5
LED
; 2 o LED
. 8h —o— MUK KFAT
5p & FYELEDY]
pH6.0 LT Wi
60 °C 5 e ;;E"*“
60 C =2 g3 B
1.2.2 < )
150 cm x
100 cm x 100 ¢m :
35W LED 1 0 L L L L L . . ,
8 em x 10 em 0 50 100 150 ”;lg?/d 250 300 350 400
12 2 LED
50 Lux 0.5 Lux.
8 h. 10 d Fig.2 Color change curve of fives natural dyes for routine
304 light aging under halogen lamp and LED lamp
o SF 600X
( Datacolor ) o 2
— TR K T HAR (TG 8535 W)
- e 2.1
2.1.1
150 cm 1) . /o
) ( ) .
( ) ( Eppen-—
dorf ) ( Thermo ) LC20AD
[0 em ) ( Shimadzu ) SPD-
1 M20A SIL20AT ;
Fig.1 Routine light aging experiment device of silk dyes LTQXL ( Thermo )
1.3 LED ( Phenomenex ) o
2) 1.0~1.2mg
1970 1.5 mL 200 pL
’ \LED / /1.0 mol /L (95/95/10) 85 C



55 1 447 Vol.55 No. 1

2018 1 Journal of Silk Jan. 2018
20 min. (A).
50 pL /[ (1/1) 14 000 r/min (B) LED (C) 103.98

5 min 30 pL o 85 LED

2.1.2 17.5% - 6

Phenomenex luna C18 oxo-berberine

(150 mm x2.0 mm 3 wm) 0.1%

(A)0.1% (B) - oxo-berberine .

:0.1~12 min 5%~60% B; 12~15 min 2.2.2
60% ~100% B;18 ~20 min 100% ~5% B;20 ~35 min

5% B, 0.2 mL/min 40 °C 20 uL. °
: 350 °C 35 arb o 4
10 arb 320 C LED
35 V. ESI 3.0 kV; ESI ( 4 1 ~7
2.5kV. ) o
365 nm ( o LED
) ESI o
ESI .
Xcalibur ( Thermo ) o °
5 2 2.8 2.2 LED
1.80 0.62.
X 35.7% 80%
LED ’
2.2.1 B A7 (5.
30 -
o A — KA,
3 5r ! B - AT AL 1R
o C --- LEDZALJE Mk
£20F
; 4
o \VQ; 15 4
800} Zior
A — REAHER .l
- 600 B oo AT B AL HORE
= i C--- A IR o
s LEDE L5 ¥ . - L
2 5 6 7 8 9 10 11 12
= o {5 82 16} ] /min
& 4 360 d

Fig.4 HPLC figure for pagoda tree after light aging for 360 days
under different light sources

200

2.2.3

65 70 75 870 8I.5 970 9.5 10.0 10.5
B /min
3 360 d
Fig.3 HPLC figure for amur cork after light aging for 360 days
under different light sources




Vol.55 No. 1 v407)

55 1
Jan. 2018 Journal of Silk 2018 1
LED
OH
HO. OH OH
S S C A
' COOH HOOC :
OH '
5 2 LED
Fig.5 Photooxidation of quercetion and its probable products LED °
A13 +
Raquel Rondao *
(6 1 2) o
359 nm 445 nm
MH - m/z 285 m/z
283, 6 LED °
LED 1 . M. : 1948.
0.57.0.29 0.09 LED DU Yansun. Methods of Dyeing of Chinese Natural Dyes
M . Shanghai: The Commercial Press 1948.
81%
2 . J .
49% LED o 2011 32(8) :6771.
8r ZHANG Dianbo ZHAO Feng LIU Jian. Light aging of
madder on silk J . Journal of Textile Research 2011 32
6F A ARt (8):6741.
B - i 2 AT B AL PR A . . .
g C --- LED%’{«EEE"J#& 3 DUFF David G SINCLAIR R()y S STIRLING David. ng]’ll—
§ induced colour changes of natural dyes J . Stud Conserv
ﬁ 1977 22(4) :161-169.
= 4 DEL Hoyo-melendel Julio M MECKLENBURG Marion F. A
< survey on the lightedfastness properties of organic-based
Alaska native artifacts J . Journal of Cultural Heritage 2011
(11):493499.
L L L L . L ) 5 ISHII Mie MORILYAMA Takayoshi TODA Masahiro.
5 6 7 8 9 10 11 12 .
4 B3 B i) /min Color degradation of textiles with natural dyes and of blue
6 360 d scale standards exposed ti white LED lamps: evaluation of
Fig.6 HPLC figure for spanwood after light aging for 360 days wite LED lamps for effectiveness as museum lighting ] .
under different light sources Light & Vis Env 2008 32(4) :370-378.
6 LENKA Grycova” JIR"1” Dosta’l Radek Marek. Quaternary
protoberberine alkaloids J . Phytochemistry 2007 68: 150175.
3 7 FERREIRA E S B Quye A MCNAB H HULME A N.
Photooxidation products of quercetin and morin as markers for
. . . . the characterization of natural flavonoid yellow dyes in ancient
LED textiles J . Dyes History Archaeol 2002 18:63-72.
8 RAQUEL Rondao J SERGIO Seixas de Melo JOAO Pina
50 Lux ! et al. Brazilwood reds: the ( photo) chemistry of brazilin and
5; ' brazilein J . The Journal of Physical Chemistry A 2013

117:1065040660.



