ELFFEMEBINE2E R — (v R - LR) DEaeE
eV

SEES

1.1ZL DI
vy R=N3 L) (inv. OA. 1977-0001, 325x427cm™) X EL T 75
Y BUERTC, 1668 4 U 1712 FE DITIC B E S 72y EAY =T H B %,
DYEFHDOBIEOBIZ, LLF DIHEIZOW TR 21T o720 W13
BORBORMLETHLH% AEHRIAMERMIZ S 2 2B IV, 4
2L SN B EHANES DBRAFE D) 2 THH L ORI IC BV THEE
ThHoHEHMWLET Lz,
FERL72BH 25RO 3HADEB)TH 5o

1. it

2. MHMEFEH D[R] E

3. BEGH o [ 58
WA IEIHRITOWTAS FHT TV 209 B0 3525 R A BRI L 72,
CNBITIMAT, MRE2HP 25, F5R% LEAT A5, #8890 (RUYH) %
DT ODRE R E 2FHT 2 SR 720 RILL7250EHE, 1FTICO&
FE&¥5-8mm, K&0.5-1mmI& D% (BiHEHR) TH 5o AEOFRIULE
SEVGEESEMAE O BIER - MO AR O VR W DOBE TV, FER)—DEEA
MOHYER) =k IR LT R W R A Tl T2,

SIHT BRI L 72 3R & FEAR B TR FLsk L 72 2 % 4 D AT I

AR RS 72 ARHE S R DT T 22 EATTED LD, HIGHT TR
LTwWb,

2.
2-1. Ak
WHFtEH T PR -0 RMEBEM A SR CAEZ WALz, Jhid,
ZMOMIIBED SO RAEHORE THAHIIRKREVWE(LDELTWDDT,
SN URFISE VW EM OB E R LA RE LT 57:0TH b,
720 BIRE L COREERL TBLIL T, 5RO B MAHILL R
PSRBT 2720 Th b, A% 13T, Eo 7R 1R, SR 2H . &
SR OMEFT, AL VR 3ET FOR LB AR IEPT. #R 6 T, R 1
FHTICOWTHIE L7,
MWL LT DEBYTH S,

W SC St A5 IR IR /005208 WL~ 1 400-700nm

FHllEER: - MINOLTA 46 %5 CG-404c

HEAE : A 4mm

FHANE % 1

BEOFHER AE*, = ((AL*)*+ (Aa*)*+ (Ab*)*)
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1 e

W SIE CIELAB Y 27 A (CIE®, 1986) Z W CTHELZo TOTVAT A
AR O BEREZR, BEORICL L, 200 IKROKRICa" b I TH
ETHEIRIKILDMZEMELTERL TV D, LHIFIEDMEDKREL %D
FEEL BICADEDNKREL R BIZERL D, @ ZIEDOMEAKEL R DIT
ERE DL ADMEAIKE LB ITE A, b T IEDMENRELRDIZE
B HOBEDPRE B IFEF OB HILERL TV D, il
LEM oM DOBAEAE, & AATCCHIE W D2 REFHHICH WL T
%CIE 1976 L*a*b* formulalZL 7z A% > CTHH L 72,

22 MEREER
WEEFZM LU, ZORKBELZRLIIRT, K237 —0EHOLE
L'a*b* FRFJEER LR, BRI RED DI, aF=—=LDT IV

areal 1 3145 67 ami 1 1 i i

area ll 5 8 v IV 1 2 ILEWTF
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3= (Al B B LSRG O BEUEL P EEVE O AL o #3308 HAR
WO AR DOFFAE b T av b Lz, ¥ ER)—EA O, HRRIEH A
DIEVFRTHY, IF ==V DA D BRI T W TH o7z (K2),
HAREARIZTEIRE N O 7ok, TIRE W OV 7ohk, ARIRA AT N7 120 A L
THY), FEIEREH PR ThHoT,

FUEEMDOLEAE", X WEEITNIEST0.620°527.2F TOIRLH-

& - ;ﬂel‘J No. | HHES g ff” 7 v i:‘.” 7 AE 2
Cs 1 RW-1 18.45 9.41 8.99 15.17 7.85 6.67 43
2| RW2 22.44 22.19 12.98 17.73 16.43 9.86 8.1
3] Rw-3 19.54 15.06 9.03 15.83 11.19 7.34 5.6
s | 4] RW-4 21.96 23 1212 26.23 17.33 4.58 10.4
5| RWS 32.21 18.39 12.67 27.37 20.41 11.06 5.5
6 29.42 23.38 12.83 26.31 21.65 11.89 37
#E 7 34.3 13.33 9.37 2112 17.19 9.46 13.7
F5 I 4 42.37 1417 11.44 20.05 3.17 0.4 27.2
1] RW-8 33.06 14.37 11.36 31.08 9.69 6.02 7.4
wa v 2| RWS 35.31 12.37 10.58 33.9 8.9 9.7 3.8
3| RW-10 22.61 18.29 12.08 30.32 1339 7.79 101
4] RW-11 35.48 9.72 .38 19.91 23.88 10.62 21.2
1|V 1] RW-12 32.4 6.18 7.07 19.19 17.61 11.9 18.1
eo%  |F5 |l 1] PRS- 37.13 12.67 12.6 31.73 12.98 8.87 6.6
= s | 2| PRW-1 32.41 1.49 2.66 23.26 3.05 1.21 9.4
3] PRW-2 34.58 3.02 1.36 32.4 2.85 3 2.7
1] BW-1 19.86 3.69 6.53 17.81 -3.13 -5.69 14.1
ws 2| BS1 54.38 1.68 22.6 50.3 1.31 19.82 5.0
" 3| BW2 35.41 5.2 0.47 27.78 6.82 1.02 143
4 51.22 1.53 13.79 46.91 334 3.49 122
LES 4 5| BW-3 14.03 0.04 1.89 21.04 -1.06 4.1 9.3
6 14.84 0.67 4.6 32.17 246 .13 18.2
Vil 1] BS2 47.92 -3.63 13.75 43.69 3.07 14.97 44
B-6 2| BW-6 37.53 -3.94 3.96 20.87 -6.16 2.44 16.9
3] BW-5 15.42 1,53 1.85 26.5 7.7 4.76 13.0
Vv 4] ow- 27.59 9.49 16.96 29.25 7.03 19.95 4.2
HVE |F-2 5 32.71 17.72 24.36 422 5.63 7.44 22.9
7| owz 44.96 10.43 18.39 34.13 16.11 27.94 15.5
3 F2 |V 6 42.43 4.76 225 46.42 3.38 26.56 5.9
|V 2| BRW-1 29.66 4.26 13.53 14.6 032 6.18 17.2
3| BRW-2 26.66 4.26 13.53 32.22 6.72 10.34 6.9
e 8 29.38 2.74 16.86 31.19 4.38 19.21 3.4
10 33.54 3.72 8.47 21.02 4.8 12.45 132
=% v 1] BRW-3 25.48 -0.85 2.46 15.76 3.79 5.34 111
2| BRS1 51.17 2.35 19.48 56.24 2.88 20.71 5.2
B-5 3| BRS2 54.84 2.93 19.83 50.46 2.22 20.68 45
4] BRW-4 25.75 3.13 5.79 21.59 2.08 9.37 5.6
5| BRW-5 35.74 1.57 8.04 21.23 4.97 9.42 15.0
Vi 1 Gw-1 34.61 -4.54 5.12 28.26 -3.47 12.59 9.9
2| GW-2 30.81 3.81 2.51 29.97 -2.67 2.22 6.5
8% H2 3| GwW-3 25.52 0.75 2.05 30.4 -0.26 2.84 5.0
4|  GW-4 25.56 -6.74 12.35 21.42 -0.16 2.77 12.3
5| G651 39.59 1.47 11.33 43.14 -0.45 2.77 9.3
6| GS-2 34.25 0.57 17.77 36.21 3.05 22.55 5.7
EES E-1 A 9 12.91 0.29 2.01 12.56 -0.19 2.07 0.6
) ARE, RHBRETER
E2) RFHHEIZAE =205k
B Yellow b* Yellow
EIZSE(AIR%%\ B
FER (ARR. B o
s FT—AEnR
L
"2 V-1 \ © Vi 1"‘
V-2 \ ° olos 4
1 s
M os. 08 T o
n?.f\ o AF=—LARR, E) Sl e N
-4 2 |rea Vill-2 o L E) ed|
o e \ 20 30 40 5 - s 0 20 30 40 A
B ya -3 okt
R (ERD BR (B
b Yelow b Yellow
o6 VI-3vil-2
©
V8
Vil4 V-10
o Vil o va
' ° s
2P o
V2, q Yllli a Red R a* |Red
TV hd
-10 10 20 30 40 E -10 10 20 30 40 50
B% (ER) ' BT
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X3-1 ARzt

14 3-2 FROBAMHDLEAL

7zo CIESEHETIX [ TE BB 2 AE, =1.6ELTHYY, ASTM T
IFAE", =5.00 [48% : BIFILIE L2580, 1ZEALH—L B D52 E8
TEL LNV, AE*, =20.01E [6 AL NV OB EBIELTHWD T,
s R E BROIEHZRWTAE", =1.6 L ETHD. I3 R
TAE*, =20l EOWEDN D72 ZOIENS, FMIIIKELEBA )
HEUTHY, HIEEAHDBICL TWBFER) — DO 38 UL 3D ) Bele s
TWAHIED, FHAMICOH L7z WEEITICESTLY a* b EIXIED
KIS HEDFIITHEALL THY, BE, B0 —EFa~DZE Lo
MIERRO SN otz Thd, ZREIITBAIHEL GRE T 5721 T
37 BRRLEIEMTINAENHLILICLS, HAITHMLFHRD
PR THRBINTVDEH, WEOGEHIGITH RO AH R L THLT
FIZ )b DALV —T T, HEGRHIISoTRIRBICE R TL000H
D, ZREIIEM LB E 8D, BROBOMTFEZRTHELT, KRREFHF
FROEIZOVTRT (K3), HRRDE T, 1-5, -7, V-4, V-1DAMEE
T 2SZELM KO ARIRE EIRDSERLE 2 B I INE Do TS — 5, 1-6, 17, V-4,
V-LIZARIR DR TH R oTW S, FRO M TId, -1, VI-3 PAHEEMN
FEM I RS FHIRD R Ao TV B, EUZHE DR o T W5,
HHECIEAR OBV I R IR E P REIVEEE SN2 HlfkE R
T 7B DOIBAE", =5.0 KA 2 3k 5.0-10 Kiivs5 WA 20T,
29 8B DI BRI EEAE", =10 ETHEEBICHRTIHOLBHA DK
VLIV BEDole Lzt T BEMIERECERBLTVWL LKL
LN OMIL, ALK 572 AP I THIL 72,

5 Yellow b Yellow
OB oAl oEfl oAl
Lo
it
lf '-2. N . .
S
* [
&
- B Vi3
- AN,
. o/‘.é _
V-2 "o
Greer 2 Red * 3" Red
o 5 -4 s 15 20 2 o 5 0 15 20 %
n-3
ks
4
-1
bue Blue
X131 B 3-2

3. MRAE A O] 52

3-1. &

FER)—FZM ORI 72555 1, 2RO HHELZ O, HAEF7—
& 24t 8 JSM-5800 LV 24 & 45 71 - BH i (SEM) 2 H \» Tt o> il T
IRAE B, BB ELIE L7z A=KV BHAERICH—RYT—7T
AE 2T =R ZAE L BRIIE B 5-10kV, 40Pa THIS L7z,
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32 EREER
PRIUEE I 5 o Mk AE o R HH & OB 2 & K 212, BUEE BRW-3, OW-2, RW-3,
PKS1. GS20EFHMEEEEZM 4, 5I1Z7R§, #R37THDHIBL, &
HI29 B AT A BEMAR 72 E 2 1B TH o700 MERIC
RSN T2 EBITRIE I I RESE LD, HEH 15um b0 15
B0umDLDFETH o723 21-40 um D FHE D3R DK 75%% DT 7z
(ZFHEO EMOBEHETXFITLTWES) BNLZEEZLILL TR
FEEOFHERRE LU THRBE, BEH IR (R 7r—n) H I
WATWBDIZH L, FRIML 72BN 1) A7 — ViR TV 2052 D5
IR ASFVTRIFEL T0EHD (4-1), 2) ELIZHIEDHER LLDAT—
NHDNFEDTILAL TS TBL T RIEDIEFEL TV 500 (1X4-2, 4-3)
BRDOLNTze AT =V F->T VL EHIZ B L AL T Ay —)
DOHEAE—ThoIll, 7V THROOENLIL, MHEOHEEND, F
EERELT

M E DOLEF A HERIL 72 308 TH HighfE O 131020y m &3 —C
Ho7z0 RILL 72382 B L TV A\ W KSR A H8 O AL HE R & i 9
BE, BE IR CTRKMEDODLMHETHLDIZH L, FRELL 723K
BORMTIZBUZL BN DY (R5-1). MHESSZT 720 EIRTL 72
DLTW5 (5-2, 5-3) 2eh b, MHED RIS KD HILHETLT
WBHZEDbholze ZOZLIZERIZEAHE N LHMERIN TV S,

FBRIZFEBTHEE30-40um, AV E2 %720 DV RITH THE
15-20 um TH-72,

#2
3 & RHES  |[RRORE EE um)
RW-T =% 50
RW-2 ¥E 22~28
RW-3 Fx3 23~30
RW-4 ¥E 25
RW-5 ¥E 22~30
#H RW-8 Fx3 25~35
RW-9 ¥E 15~20
RWI0  |%% 40
RWIT  |*% 20~30
RW-12 ¥E 23~25
vo% PKS-1 #H 10~1S
N PRWT  |E% 3085
#R PRWZ  |xE 25~30
BW-1 ¥E 20
BW-2 ¥z 35~40
BW3 Fx3 30~40
£ BW-S Fx3 25~30
BW-6 Fx3 35
TN BW-7 Fx3 25~30
BS-1 #H 10~12
BS-2 #H 10~12
— Jowa ¥z 3545
AYIR - owz Fx3 20~30
BRW1 =% 25~30
BRW?2  |*% 50~65
BRW-3 ¥E 25
% BRWA  |x% 30~40
BRWS  |¥% 20~30
BRS-1 @ 13~16
BRS-2 #H 10
W FT3 30~50
cW-z ¥z 30~45
Gw3 Fx3 35~40
e GW-4 Fx3 40~80
] W =% 10~15
G52 & 0
Gs3 & 10~20
B warp *E 30~40
aon ST w 15~20
* Sz % 15~20
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2 Wik

% 4-1 ¥} BRW-3 ® SEM 5.1,
FE RT—VOEIEHARITED
TWw5)

% 4-2 ¥ OW-2 > SEM 531,
EE R —ADFHARTHR T
%)

4-3 XK RW-3 ®» SEM 5.1,
FER RT—AHUFEALEST WS
W)

51 ¥ PKS-190 SEM 5.1,
(R E WD)

X 5-2 ¥} GS-2 D SEM 5.1,
H RHEDHEC T T WD)

5-3 ¥ GS-2D SEM 5.1,
i (BHEDTEIITL T 12)



4. G O [6]
BRFN LI REOBITHCONLEEA A DL T, el a s
BHIOR, WA S TS TR BIRE 52 H72DIT SN S, MUY 2o
THRLDWERHFN 2 HCIUT R L O 3G 1255, #HgHIELT
& IEE RIK, R EEPOHVONTET, BEHIZFE T 5281,
et L OB O b 0 5 EECTH L7207 TlELL, BEHICEENL 4
JEA A 2 DA O B E B EITIRIBRL T RE Wb T,
TES OAFE L - BB e Gt 3 5 E TRl 22b0T
%o

CNETHELH ORI EIIE, LTSI (AAS) W, SFEREG 77X
<~ E AT (ICP-MS) 20, #EX #aArid: (XRF) ', SEM )8 o =
AV F— G ER O X M AT 268 (SEM-EDX) % HI L 72 J7 09 Zp &8
VSN TE, Bk EMDATIIOWT, MEDOFH T ILIZT A (Al
BLUEk (Fe) il EGeAI & U C— M 2o gt i (Bt s 310l iE4e% 2 [0)
TYBL72E, EOREDAIBLUFen Ai LITHE T 2002 H T
Who ZOKi DAl Fe D75 &% FER &7 A~ 5865041k (ICP-AES)
WEoTER L, XRE»H 55N 54 K D Al Fe @ cps 5 & o I AH
BBILRASEEDHN DD T, #i¥ETH S ICP-AES & H W 72 TH LA
THAHXRFWEZHVEZEIZIo T LOBEFEZHE TEHIEERL
7200, ZFLTHEBICZOREZIEHAL T T 2 a2 I D%TT
& SEM-EDX % T, F¥R)—D i EOBEgeHl w2 E L TW»a W, A
W TIE COFEE[MSTYER) R DO BERA] DO 2 il Aize 2O
i, Ml o ) 2 L HBLIREE OB D72 DIZSEM 2 E) BRI, kI
I8 O EDX TILE DB 3CTEB L THH I ThH o720

4-1. ik
AT, YR =D M SR 72 £ &8 5-8mm, KE0.5-1mm D
FEN—R VBRI =R 7 =7 % B> TR 1, SEM (ki o
AR L72DDICFL) ORBEICIHAL, T BIg2To72%. HET 2
Ty ZAAEBT AL F— 53 XA 268 DX412 Tt L7ze 4
Mgtz DUFIR 7

Ins#EE 20KV, 40Pa, ARG 5381100 5

ARG AL 1 900, XA LA FZ : 35°, WD10mm

Mg« S8R &, ERE I 200 8
WL, PR OB 28 i (F3) Ly R —3HE 35 1 (K 4) 120w
TAT o720 WE MU, FREREHIWEMEZZ R T3HPL L, yER)—
AEHIWEMEZZ R T2H Ll L7z,

4-2 FEREER

WA REES B4R T E3 00, AlOXHGEEE28.0cps L LD
BT %ED T ENT AL A5, Fe Wi 4%9.5cps P E O #E CTld Fe #
e ENTVBLHWTED, EEMIZXEBE RO THo7225 Zh
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B OF Y=Y Ty T DDIRERIRETHMEE 5580 ho722
e AR OVEREIC ) AHE L 100 5 L F IS FIF 2283 Ta Ao
72D TXAEMH T 2RI 2N S o TR DEE 2 BN D,

TRTOFER) =B 25, AL 74 3% (SD), B (S) A5, BRW-3% B
CTRTOHBDEHN T L (Ca) BRILENTZ ZDH B, SITERMIC
HEINLZEAEOT I/ BEICHR T 250 TH L2, SiZHE, MPIK. &
FAEDOBRFANCHR T DS, HIVIEREHI OV T W REEICH
k¥ paryih—vark#Ez b, CaldWi%E, MKz L OEEGHIH
F B0, HLAT RO BRI B et ORI SN -3 —1y8
DOREE 7 K HIR 2 REVE 25K &, Cafd g &2 v iUk AL
HrLE 2 RSN 7228 (RW-3, BW-5, BW-7, OW-1, BRW-3,
BRW-5) b, TN&FT %, 2D, BERLROG ORISRV ERED
W% DO T, BYANCHER T 5 AR EEBITKICHE TS Cad
IRV b EZONL,

WA T AR L BT CE 2012 123808 Fe it HIBi T& 5013 130k
Thotzo Fkid. AVEG L FIWITE72, 72750, SR OMHMED FIZ S 7%
T XL AL R B 2L R0, RO Yt TOTRRE LR DHLITEST
HRIAHHFEL TR BEGEA BRI T L TCETFREINEI LD, Fo, RO

BAAUTERE  (my/
B i wa #0.1 9) XA cps)
Al Fe Al Fe
S1 =L # 0.1 0 1.65
52 B L 0.1 0 185
STHeAll AL 3.4 0 27.83
S2HeAl ED] Al 2.5 0 16.54
S2AI3 D] 1.2 0 7.98 -
S1HeFel 2 0 5.8 1.54 35.16
S1Fe3 7L Fe 0 3.4 1.38 20.28
S2Fe2 HY 0 2.5 3.19 9.54
SE1)ICP-AESIC & B35 fili (3Z#K9)
I R EE (cps)

& HEES Al Si S K Ca Fe
EE3 RW-1 4.64 7.36 90.93 14.98

RW-3 351 772 135.70 4,80

RW-4 3.65 8.05 70.05 171 13.33

RW-8 425 7.81 91.54 5.31 11.43

RW-9 777 9.78 138.43 24.87

RW-10 5.96 8.66 121.76 24.70

RW-11 8.28 11.01 142,61 2.24 32.82

RW-12 7.6 7.15 101.66 15.61
B2 o%  |PKS 1 8.37 10.98 26.01 26.54
EZ3 PRW-1 12.51 9.31 141.94 2.05 19.51

PRW-2 70.18 10.57 161.48 438 21.51
53 BW-1 5.94 9.69 158.58 497 23.25

BW-5 2.62 5.05 149,07 0.63 442

BW-6 12.87 19.37 123.87 2.16 13.25

BW-7 513 8.03 115.43 2.29 4.25

BS-1 3.56 9.82 23.48 22.63

BS-2 558 10.53 2150 397 17.63
FLVUFR |OW1 3.82 7.53 140.67 0.24 0.26

oW-2 8.59 9.01 132.64 510 15.05
EE3 BRW-1 8.46 11.19 71.94 2.03 17.30

BRW-2 6.97 11.49 100.97 41.78 9.52

BRW-3 2.68 7.03 136.47

BRW-4 8.82 9.60 153.75 18.09

BRW-5 384 820 189.39 4.40

BRS-1 5.89 9.27 29.61 33.51

BRS-2 9.96 9.55 23.41 2.99 24.85
X3 GW-2 10.22 10.50 137.04 2.70 17.78

GW-3 710.20 9.65 160.10 18.13

GW-4 11.37 10.05 142.41 524 18.83

GS 1 6.38 11.13 27.95 23.64

GS2 6.53 9.77 24.42 19.60

GS-3 3.89 9.23 28.92 5.04 11.48

warp 9.45 15.52 197.53 543 21.46

Slit-1 312 878 28.00 25.43

Slit-2 435 8.35 17.48 6.25 13.53

AFRME RAIELTAL Fe2EAL TOBLHIITENSDD
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fAHE R E DG DO, 1ZEAL OB ARG SN HEE L7z Jett
ENTULRVRERIZDAIDRIESN/2ZE05, FIDIZTRTORE HE
TRBELL 7= RS % 25N 50

Fe g L HIBT S M7z DIIH R 1B O AT, MO FE A 513 Fe ld el
N hol, BRLFMORIGFe &N T0BIEN %L, Fef v idfi
DHLERE T HEFT LN TV D, AMEMTIEFe S h 7582 EHLT
WA DN ZER, BR M OAR THRIFRE S LW EEBRLT
WhEEZHN5,

5.8

AR OFREGHTE, TR L2, 5 - BEGH O FE oA, 3t
SR SR BT EAR YR R AT o7z (BSR4
U 7= et SRAFABAE R 5 - 1 H IR B KON F AR A M - R o
TRE, BHEG Y L - EH BIOHBELRZFHELEVWEERLILT
WY R F M RATO LN TE, MR R M B Bk Lo E LR, o
FEA)—EDWBICE THRBESELIENTE (R BHERSR) . 1F
SOFFFEHT L, BRI FREHRIE P L S B S 72 ) & 2 S 1n)
BHLH, G OTERZDOWRERETHIET, EMEANDO 2D
PR AR TVRETN,

O

AR TN DI I TANN I L AR PR T YR LT 272, 1)
FRCTAEE IR BRAAS BT # IR, TR - I I, O
WA ISR, TR IR BRI BEEIC, A5 ER)— OB
BT OB £ 5 2 TR B VLS - 1A S IR 7L g

(1] T O~ . 1515113 340x435cm,

[2] [HRD7ZSI7AGW:E 7 PG P54 8 17-18 S s A — |, WAGHIHAR. [ N7 V4 R SEA A,
2003, pp.36-40,

[3] CIE (Commission Internationale de I' Eclairage : BRI ZRH 4%) o

[4] AATCC #i#% (American Association of Textile Chemists and Colorists : 5 kb2~
Heali - R B &) o

[56] EREHIAE S F R, HEEHIE M E B [HARO® AR o32 L) R
W1 58) (ZiRAT O et AR RID Gt iAo

[6] [ RYONXBENC LB O] (CIE 157:2004 OHAGER) |« #EFI3E AHAR
W% 5 &4, JCIE BIER IR, No. 14, 2005, p.26 ([3. 4y &5 BB 2432 | 3.3 05
b)o

[7] ASTM (Americn Society for Testing and Materials:=>k [El ;B4 ¥Hi 2) o ASTM (1953):
Method E 97-53T,

[8] Hefts B A FE BRI 1A & (JIS L0803:2005 HEHiL) o

[9] BB T FHEMRET DT TG EBRE, BRI+ BEE T+ [R
SRR et A B geH) i o ICP-AES 3 NS HOG X MU X 25047 1. [ e R 1E 424
78], 45, 2001, pp.12-26,

[10] M. Yatagai, Y. Magoshi, M. A. Becker, C. Sano, H. Ikuno, N. Kohara, M. Saito,
“Degradation and Color Fading of Silk Fabrics Dyed with Natural Dyes and Mordants”,

Historic Textiles, Papers, and Polymers in Museums, J. M. Cardamone, M. T. Baker (eds.),
ACS Symposium Series, 779, 2001, p.86.

[11] C. Tonini, “Atomic absorption spectrophotometry in the textile chemistry
laboratory”, Tinctoria, 75, 1978, pp.160-162.

[12] L. Dussubieux, M. Ballard, “Using ICP-MS to detect inorganic elements in organic
materials: a new tool to identify mordant or dyes on ancient textiles”, Materials Issues in
Art and Archaeology VII, P. B.Vandiver et al.(eds.), Warrendale, PA: Materials Research
Society, 2005, pp.291-296.
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[13] L. Dussubieux, D. Naedel, R. Cunningham, H. Alden, M. Ballard, “Accuracy,
precision and investigation: mordant analysis on antique textile by various methods”, 14"
Triennial Meeting, Hague 12-16, September, 2005, ICOM committee for Conservation,
2005, pp.898-903.

[14] L. Masschelein-Kleiner, L. R. J. Maes, “Ancient dyeing technique in eastern
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substances on textile fibers: A preliminary study using energy dispersive X-ray spec-
trometry”, Studies in Conservation, 30, 1985, pp.58-62.

[16] 550 FTHim ORFHRIUIL E 7275, ICP-AES T/ ATIC X0 ilEl b3 s s
DKL XRF Tl bR ST 7815% %0

[17] w48 (3£ 9),

[18] ST [327WiE] & AN — DM, Gobl, BEAOREGH ], [F XA —D
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Scientific Study of the Color, Materials and Dyeing Mordants Used
in the Gobelin Tapestry Le Chateau de Chambord: le Mois de
Septembre

Miho Takashima

During conservation work on the tapestry Le Chédteau de Chambord: le
Mois de Septembre (inv. OA. 1977-0001, 325 cm x 427 c¢m, dated pre-1712),
color measurements, fiber identification and mordant identification were
carried out on the work.

Color measurements were taken in 45 locations using a chroma meter.
These measurements revealed that the red color on the reverse of the
tapestry was quite bluish in tone and is a color close to fabric dyed with a
cochineal mordanted with Al. The color change (AE* ) between obverse
and reverse, with the exception of one area of black thread, is greater than
AE™  =1.6, with three locations at more than AE* = 20, thus providing
a scientific confirmation of the considerable amount of color change and
fading on the obverse surface. To the naked eye it seems that color change
and fading is more pronounced in the pale colored silk fibers than in other
colored silk fibers or all colored wool fibers, but color measurement re-
vealed that these colors were originally pale in tone.

Fibers were identified with the scanning electron microscope (SEM),
and of the 37 sample weft threads, 29 were identified as wool and 7 as silk,
with one sample a blend of silk and wool. The wool fibers were various in
diameter, but approximately 75 percent of the wool fiber samples measured
21 to 40 um in diameter, with the scale tips missing or the scale falling off
due to aging. The silk fibers were uniformly 10 to 20 um in diameter, with
some fibers tearing or snapping, revealing that they had lost some degree
of elasticity. The warp threads are wool fiber with diameters of 30 to 40 um
and the yarns used for closing slit were linen and 15 to 20 um in diameter.

Mordants were identified using SEM with energy-dispersive X-ray
spectroscopy (SEM-EDX). Of the 35 samples taken, the possibility that
Al was used as mordant was high in 12 samples of weft thread , and one
sample of warp thread. However, the collation of fiber hue and results of
dye analysis determined that the majority of samples were mordanted
with Al. Given that A1 was found even in the undyed warp threads, it may
indicate that all of the threads were pre-mordanted with alum (potassium
aluminum sulphate). Only one sample of brown weft thread was deter-
mined to have been mordanted with iron. The fact that iron-mordanted
threads were only rarely used is thought to be related to the overall good
state of preservation of the black and brown threads in the tapestry.
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