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Spectral Reflection Factor and Color Appearance of Surface of Dyed Woven Cloths
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Summary

Surface reflection characters of woven cloths were investigated in this study. Ten types of cloth made
of different fabric and fiber material were selected as experiment samples and they were dyed to four types
of colors (i.e. red, green, yellow, and blue). Using a goniospectrophotometer model GCM-4, which was
produced by Murakami Color Laboratory Co. Ltd., the spectral reflection factor of forty types of experiment
sample were measured at an incident angle of 45°. And at tive specular angles of 0°, 15°, 30°, 45° and
60°, the CIE luminance factor and the chromaticity coordination of forty types of experiment sample were
calculated from these measurement results. The spectral reflectance, the chromaticity and the lightness of
forty types of experiment sample were increased by receiving angle at condition of 45° of incident. And the
specular reflection factor from surface of woven cloths could not be obtained but indicates that the diffuse
reflection factor and the scattering ray from surface would cause an increasing of score. As these results,
it was supposed that the optical properties of woven cloths should be influenced by geometrical surface
structure of fabrics.
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Fig. 1 Mechanism diagram of reflection
from woven cloth.
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Table 1 Details of 10 experiment samples.

sample label fiber material i densty Mickriegs

pattern  (warp X wooflinch) (mm)
A cotton(silket) plain 130 %70 0.22
B cotton plain 130 70 0.22
C cotton(silket) twill 114 X 54 0.45
D cotton satain 84 130 0.28
E cotton(silket) knitting 39X43 0.58
F cotton knitting 39 X43 0.75
G silk plain 135 <98 0.12
H wool plain 69 X 58 0.32
| linen plain 52 X 56 0.24
] rayon plain 106 %74 0.12
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Table 2 Dyeing conditions used in this experiment. Each ratio is
estimated by O.W.F (on the weight of fiber) in this table.

reactive dye acid dye

sample label ABCDEFI1I] GH

dyeing color red green yellow blue  red green yellow blue
dye concentration 5% 3.6%

dyeing auxiliaries 1) NaCli(30%)

TE Na,CO;(60%) HCOOH(2%)

dyebath ratio 1:30 1:50

dyeing method dip dyeing dip dyeing
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Table 3 Values of CIEL a’b” chromatic coordinates of 40 experiment samples
determined by D65 illuminant-2° and JIS [45/0] standard observer.

sample dyeing sample dyeing

a b a b
label color label color
A red 51.98  56.66  21.56 F red 5231 56.86  20.84
A green 65.09 -49.78 11.16 F green 66.41  -50.43 18.2
A yellow 83.45 296 74.67 F vellow 85 1.6 79.35
A blue 3475 99 -32.96 F blue 35.89 8.05 -31.87
B red 53.12 542 20.5 G red 56.34 559  21.01
B green 65.78 -47.27 13.44 G green 4924 -27.06 -9.63
B yellow 82.89 -3.51 6649 G yellow 90.75 -11.26  88.37
B blue 38.49 72 311 G blue 43.37 14.15  -49.39
C  red 5322 6191 25.44 H  red 3929 5224 2726
C  green 65.83 -56.9 1458 H  green 30.67 -18.63 -7.1
C  yellow 88.79  -1.08 8331 H  yellow 76.86  -5.66  86.33
C  blue 346 1146 -35.88 H  blue 2655  21.12  -44.96
D red 5502  65.68 31.23 I red 5584 5319 2217
D green 65.7 -64.82 14.5 | green 67.38  -50.12 14.85
D yellow 92.84 0.66  93.82 I yellow 83.99 -3.58  69.28
D blue 32.83 1394 3554 I blue 40.4 8.53 =295
E red 4937 61.18 2726 1 red 39.66 544 3137
E green 61.24 -56.72 9.63 ] green 5534 -57.88 19.31
E  yellow 85.6 27 8877 ] vellow 71.76 6.12 8351
E blue 29.77 124 -34.77 J blue 22.31 1.6 -24.14
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Fig. 2-1 Spectral reflectance curve of sample A-r. Fig. 2-2 Spectral reflectance curve of sample A-g.
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Fig. 2-3 Spectral reflectance curve of sample A-y. Fig. 2-4 Spectral reflectance curve of sample A-b.
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Fig. 5-1 Spectral reflectance curve of sample C-y. Fig. 5-2 Spectral reflectance curve of sample C-y.
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3.2. XYZREBR—RHHE

Table 4-1 Luminance factor (percentage values) of 20 experiment samples
calculated from spectra. [dyeing color r : red, g : green.]

settng  receiving sample label - dyeing color
direction  angle A-r B-r C-r D-r E-r F-r G-r H-r I-r J-r
0° 13.54 15.11 1649 1067 1290 1502 1210 856 1454 8.75
15° 1475 1622 1726 13.80 13.62 1591 16.08 8.67 1595 8.85
vertical 30° 1692 18.17 18.68 18.18 1515 17.64 1948 927 1871 952

45° 2013 2116 21.25 2295 17.90 2042 2425 1083 2376 11.05
60° 2396 25.16 2573 26.67 22.70 24.52 29.78 13.96 31.34 13.94
0° 1442 1606 12.99 1239 1096 1453 1544 744 1001 9.73
15 1577 1743 1653 13.81 13.27 1617 1621 829 1263 941
horizontal ~ 30°  18.05 19.72 21.27 1573 1625 18.64 1888 948 17.02 10.24
45°  21.62 2338 26.62 18,67 19.96 21.97 2375 11.21 22.89 1238
60° 2642 2840 31.20 2385 2398 2586 31.59 13.65 2816 15.77
0° 13.95 1558 13.89 1218 1170 1505 1368 791 1121 916
15 1530 16.84 1649 1386 13.38 1650 1541 846 1356 8.89
bias 30° 17.63 19.10 19.76 16.05 15.80 18.77 17.97 940 1736 9.25
45° 21112 22,65 2334 19.04 19.09 21.84 2245 11.06 2281 10.35
60° 2568 2742 27.03 23.09 2330 2548 29.09 13.64 29.52 1259
Ag Bg Cg Dg Eg Fg Gg Heg I-g J-g
0° 2342 2534 2649 1630 2017 2577 872 495 2329 18.66
15° 2548 27.17 2799 2095 21.55 27.65 1133 495 2579 18.93
vertical 300 2896 3041 30.70 2749 2448 3099 1398 534 2999 20.31
459 3416 35.04 3510 3494 2952 3586 17.79 6.51 37.14 2326
60°  40.69 4091 42.67 41.09 38.00 41.95 23.09 937 48.51 2857
0° 25.04 27.06 20.03 19.56 16.53 24.54 10.08 3.86 17.19 2047
15 2741 29.18 25.76 2221 2042 27.74 1057 451 2149 19.89
horizontal ~ 30°  31.07 32.81 33.35 2544 2556 32.04 1283 542 2821 2148
45 36.57 3824 41.50 29.69 31.79 37.55 17.11 6.71 3694 2527
60° 4446 4567 48.53 36.10 38.11 4345 2410 8.77 4539 31.55
0° 2411 2642 21.18 1927 17.68 2545 921 410 1899 18.8]
15 2638 2855 25.66 21.78 20.78 2825 10.14 456 2292 18.56
bias 30° 3007 3222 31.34 25.05 2526 32.54 1240 533 2892 1940
45 3570 37.77 37.63 2938 31.11 37.88 16.54 6.56 37.12 21.45
60° 4350 4539 4349 3557 38.04 43.95 2370 8.80 47.07 25.34

23 AT ] IR L@ 12X, XY ZROGRORPFRY ZHM L7z THIEADZ W
LEOHEISHINT 2D TH D, 41 & 42 (ITHBHG & et L7ota, &EFHFIHIC 5 KEDZ
T L DGR EIRT .

SRR ORRTIE, BB, Bt L7zt REHFCHEDLTETOMRIZBNT, 0,
15 B, 30 B, 45, 60 EOMUIKH R EL BRofee /2, 0ENL 15, 15E2H5 30K F
TOZALE, 30 Er L 45, 45 E» D 60 EE TOLEIIRL Y, BEOHPIFRDOEL 75
FEPRE o720 MWBOZOIZE LIZROMBBIETIE, REHMOENIZED S LM
45 EECTOFRDPHE 22 R L7z SO X ITHELREIMORK THIUL, AFAE 45 EOIE
B0 CTd 5 2 F B 45 LA Tl d PR AZ (2 0, BIESE R R 525 4 HER
L LA T, IEREHAIE D & 5ITRE WML 60 TR 20, B W
RAZEDVH PRS2,
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Table 4-2 Luminance factor (percentage values) of 20 experiment samples
calculated from spectra. [dyeing colory : yellow, b : blue.]

settng  receiving sample label - dyeing color

direction  angle A-y  B-y C-y D-y E-y F-y G-y  H-y I-y J-y
0° 49.79 51.29 63.94 4575 5497 57.03 41.74 4336 46.51 3648
15° 52.48 53.26 65.52 55.12 57.02 58.68 51.24 43.70 4947 37.15

vertical 30° 5697 56.83 68.54 68.16 60.87 61.65 62.63 46.05 54.83 3930
45°  63.01 6195 73.72 8261 67.19 66.01 7792 51.30 64.04 43.30
60°  68.94 67.62 81.39 92,10 75.60 71.07 90.75 59.56 77.11 50.07
0° 52.23 5391 5430 5238 4893 5527 53.62 3935 40.16 40.21
159 5596 5691 6429 56.24 5584 59.11 5639 4250 46.17 39.08

horizontal 30° 6127 61.92 77.09 6096 64.59 6421 63.71 4723 54.77 4254
45°  68.78 6939 91.23 66.66 7398 70.32 7497 5349 6522 5042
60°  77.83 7741 10258 74.81 81.13 7536 89.06 59.07 73.80 59.70
0° 51.89 52.38 57.27 50.25 5097 5691 4998 40.69 42.87 37.87
15 5545 35519 64.12 5492 5647 60.24 5251 42.55 47.71 36.89

bias 300 6090 60.00 7216 6046 6373 65.03 58.51 4584 5481 38.17
45  68.51 67.24 80.57 67.15 7244 71.05 68.08 50.86 o64.16 41.19
60° 7737 7517 8644 T74.68 B0.36  76.85 80.03 57.07 75.08 46.64

A-b  B-b C-b D-b  E-b F-b  G-b H-b I-b J-b

0° 440 556 509 273 354 535 637 386 629 245
15° 510 638 558 3.80 388 587 819 381 7.09 240

vertical 30° 635 787 650 541 463 695 1037 4.02 852 271
45° 837 1036 830 746 6.14 895 1341 494 1149 3.60
60° 11.40 1416 1193 985 924 1257 1815 722 1642 552

0° 496 623 354 329 278 519 785 284 3.65 2.62
15° 562 699 499 399 366 603 845 338 544 247
horizontal 30° 681 842 701 499 488 735 1035 413 809 272
45° 879 10.82 957 650 649 932 1355 522 1157 3.64
60° 1220 1489 1252 956 877 1250 1884 6.89 1529 5.63
0° 473 594 380 347 3.01 543 694 307 465 239
15° 538 671 492 406 370 613 78] 343 6.08 230
bias 30° 658 B.18 644 493 476 738 979 397 807 245
457 8.63 1063 841 641 632 929 1312 487 1131 3.02
60° 11.94 1467 1126 920 896 1265 18.77 6.72 15.56 4.27

Gefts L 720 Oof5 A TI1E, 10 BBEAETTE (v) TO 5 KMEDZIMEE T & o KgTEEZbss
AL, IS, H (b)) TOELIKE o720 WIHTTR L2 RO R H I3 Z 0T %
BEWMTILIEEE L ERHERZT 2ME UL, EREE IERONCHE (y) TREE (BE)
BALRKE L, H (b) TEAINESL L2 e TFHTELNLTH D, Tl IZRRHHERE
ol RELTIE # (y) &F (b) OBEAKOHEDEW EAEMOBAEDO TRV HIZL S
MERRPEZ ONL, bbb EMEDE (y) T, #ITqME I NIAANEE2 S I L7260
SotElE L BRI At 5% % S UM E TOMERS O 5 tEIE L 2L, EOWER
BHOAMGICRE S NEr > 7201 L, KBEOF (b) IZ4@ S N7AiNEA» b DRt E
AR T T OA S TR AT DT 7 B 720, WY ZE 20 F 3 KEd 5 1IEKE 51 45 & &
60 FETIEX, KM THEGAHEL /2L ) 124 ) IR EAPRELS o2 bDEE R N5,

5 KMEDZ I PE & D SGFEAAUIZ BT % kil TR oA T, [ CHisHEO #E A, B,
C, D, E, FIZBWT, #OMHEOENLZEENHL N L o7z R0 MO A L
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[ % F50 BUFAFPE AT L X A 2 258 S 7z
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Fig. 8 Description of hue and chroma in the
X,y chromaticity diagram. Arrows and
data points show hue and chroma.
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Fig.9-1 Chromaticity coordinate of sample A-r Fig. 9-2 Chromaticity coordinate of sample A-r
in the x,y chromaticity diagram. in the x,y chromaticity diagram.
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