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Figure 2. Spectral-power-distribution curves of an incanuescent source (A), and
natural daylight (Des). Optical Publishing: Reprinted from Vol. I of the Optical
Industry & Systems Directory—Encyclopedia/Dictionary.

e 5i5 (D) e gmo Lol Ladall Bl w5 ows b (2 SN
(11-0) drme it e arlall il

Y ) Rossetd) i il biall OF Jlnll s (3 aaSe £ e
SN[ PRREEWP IR JUIK PRICIEE P P PR VR A
o2l de O N 8 s 5 a5 Y] pdsens Vs gl ¢ s S odall
g5 dsle sl GO A T molall odd

@J\(T))ML\M.sqwrujpa?a:u\zsw@;jsymu\,;sj
Lode sl Gen ol bl ole o e 20 Lo iy L] ikl &
Gl ol 1 Bala L5505 5,0 > 15 17 55 Jans 15 Black Bodies
Kelven (,alS) su> Jl ons dillas jamlie J| ai> ) denie Lolt Sler
i5 gl &) ou Ll (D) jaall e undl (SKag WA k O AL aid
K gslm 58 (11— 0) G aglall soall Ll 2860 K (g5l L) Jlas

37



S e ks S dms 5500 5,1 > J 30 sdes JST 0 1SS 5 6500
. Kelvens LSl o Gune sde aliag
Dade Lilll e o2l Mlm&;&! J.ol.&.:!l—l
The Interaction of Light With Objects.
pde L3Vl odd Sug A gl ed) Lo E5pall dasY) byie de
cdn an I3l O gy o | ade T ool g 5 OBy Ll ol 54
 h S 51 L g s Bl i

:Absorption gabaia¥) -1

5o &3y ol Lo b hw de L5 50l 22V Lgh das I AU as
3531 0 UL O Sl e dadad Lo ax2Y] i Lotie LE cosld|
BU OB alalls ¢ 2 Y g AN Y] e 5 Vs dndYl pank o
5 gl e Vo5 &l B ) AU odin (3 J g &5 502

A s oSy o o x2Y1 o 1252 0B 52V 01N - 3 L
ot B3l ¢ g ol &SI B U1 J1 YT OB St el o plocr Y1 A ib
nm 700—630 . s okl dakacll 3 &xdl I JI b Y1l lasls Lpaosn
- Fluorescence g ladiwY) -2

bl poSay 03 okl do LaBLl 5 gl Lgd Gatey I A 2
e R R UPPEEE RRPAPEN PRI P (I S PAR e
G5V s yall ezt Fluorescent Red Plastics sl yedl daiznll LoV
s s iy 505 ol jadl 2V ST Y1 e ol oS (o i Yl 2Vl
S Ay 1 OV B e MiSTas ¢ ) ) Jall JSCEIL gl LS
FREIN
U1 § gmall ponll glis] e Ly 2l sl e 6 5T e got Ly
L 5o 15bl el S UV Bzl G 6 221 oliamal Lo 5,08 43 W) 55
38



Sladl Sl el sl sda awdy S5 dikll @ ase ) alis
Fluorescent Brightenersis.i:.l|

: Scattering 3 il -3

342 g ade Slaldl (3 jaxt f ALY g Sas A
a1 5e e Lo gl e

Iy pudendl d| 3 Laslg] 5 sanie 5 8l oda 0 55 VU Gl 3
s Bl Gl e de i 1 Ll QiS5 ol lnd) Rl mliall el
ol Sz e il 21 edin OB Lds ol jldl 550 Jajiw.\;;;@z._:
S5 OB S o s et ol S G Lede Bl 65l ey Lo
TS 1 e AU oda Las Lo 1S 5+ G ol Jas 38 50 3,0 Lo Jmd
) B ghe ol go LD T lraSLL

oo 108 o Sah BT Jamy g5 Ll a1 OF ] 5)L3N1 2 Lt
Pl 3 oug b iy b wedll 2l s ey L Lo La3Lul ¢y
Dbl ods do oy o meddls & sl Bar sk ol A ol
bl ode oy ¢ 5L e puall OB wdall s Specular Refletien S A WSyl
s S e e el AlaSle dind ¢ Jo V1 jall s paad LlE LeLie 0555
GUls Jrdll 5 gz 1 01 Gy Sl LT Y1 e o5 ol )
059 MW cppiaall sl Sl W 05 iy (5T M a8V s
s LA

GO LWl o el ) o) enas Y il 0 ) oS 6 Ln
4535055 5l s gas LaLl 5 20l 0 18 = /4 s 018 5 all ol slall ey .
BLad tny aondkl OB S Lmlan fo oSiay BL ol Y1 e B
ke L3l s puall ye 792 ane diy Latie 7100

39



s Laluad) ¢ 3Ll ¢ Aalasll
Transparent, Translucent, and Opaque Objects .
W 055 Ol ad xSl e 3 BT ol ozl plasea | ks
Joaz Lol Ly o5
:Transparent ezl CL»,-“}I!
Olid ol tngs Loty o550 13T 5 pual) Gas eud ¥ A a
s+ ke AL AndYI po 192 dwy a6 5l 55 L o Lo 13 7100
B e SUs S Jsdls s dpdl =1l ada ALl
: Translucent sJal) 6"“**3”
oo G LT Lede Laill s pal) L bmts Sud plea Y adag
JoT &l 5 Al 2N 0 4S5 L g ploar Yl el IO Qs 23V
SUPLAFINE [BET PR
: Opacity doluall
B e sVl oda 458 WO as O 233 plea VI oo ¥ o
Al OV Leush Comay ploa Yl oda Jag ltme andkl 50 6 Sle
el &3 g1 & 5l) (3] g S LoV g0 5 S BaS i
Jors O 055 23N janf LY all e Gozmn as ¥ ol sl pler Y1 5
i 55 o135l OFJYT e 1285 Lis ey Lt 2 e
DB T Sl 6 gzl kel el
Spectral — Reflectance or Spectrol Transmetance Cu”rve
(55 e g 5w 4 s O Sy J g sdas JS OB G (S
ol B e Ssall aall M 2wy g llls Lidall B
Ly Loie Lo V1 0B Jalls ¢ Laksd) &5 U1 bl e QL5 2kl
B0 e T 1s Ol Ln ey . 5V e il By g ae 12 5 oS0 Ll ¢ gaall Lele
40



Aol a1 Vb o 4S5 gm0 ot &) oy OF (e oSl
AL T Sl s ol aall ol Lk oda (3 o s

o rSall s gl Lo s ganll 231 45 5T 3 Al N1 8 SN 2 o
o LS OV S 55 slg] a6 Sl odd 5T ks 0 el
319805 Qs 0 U1 3 20N O U1 ) a1 O U1 des B s Sie oSay
Lol N iy
: Colorants U 4l

dl @B iy b Ul alasy Szt d) Sl Al sl o
F Cponnd
: (Dyes) s sll 8 411 <l slall -1

s gy i o 5 | dpall Sl 1 e sl ol L s
Cdatall 8 BN S des i g _SB L L
: Pigments 2w 51l A 5 pitiall U slall -2

s s las¥i e e Lany L ezl o Il 3 25 odag
G caidl e Slus] e salll adn 5,08 ulul Jey 005U e dslul
G52l Sl e OB L ag IS 512] e L yt5 0085 dadY
sl e 8 ,uall oS dads wld colS IS 5 L (e Dle dny DT oda
S ol A - G ae ST

oan pobasl e Liy Dyes il Sl plasenl U & 0,06
SUMI A 3 0 Ly e S8 00 Alall (o 21 Sty 2!
oans e gl V1 Gandl cassy insY) Gax] 3 o Pigments s szl
w3, 01 Sy A ol ) Juadl () Lo 5 08 0,85 Mgy - 50 0l
. Pigments .1l 5 Dyes 431401 G 4l

41



POV o el 3 Aasenndl Lodadl LoasY) -
The Major Systems for Describing Colors

O Lle A danasedl 5321 dlawl 3o OLIN1 s oye i OF b
OV e el WLLe dsssezal) il s LUIY e past Lo Y 5l O a0
: Munsell System dusedd) Cila jall ol -1

1900 ple dis ans 30 1] 4ns Munsell System vl Lile plasll 1a G
G Ol s e ) Gl ol S g OV Y s el s 35 el 5
Uaoan 5 Sl )3 oy i) ¢ 355V VI LaY) a1 o Ll
100 ) dowio 3 515 Jaz e Lo O1JY1 el 225 . 01V odin 0 (5,5
O35 bl O JS G 8Ll Ly (008 20 Gl 3 JS 0 8L 5 o3
$3 08 hadu JE Sl s e sl s laza Y i s el . e pL3T 10 Lo
o 2o S5l 551 O 01 Bliamaal & 55 055 G 5 511 0dn (6 s2me s
b ety e ) el B s Ll 10 (g 5las G2 ¥1 O 5l Belianal B 5

o/

Figure 3 Usual way in which the color coordinates of hue, value, and chroma are
arranged in the three-dimensional Munsell color space. From (1), reprinted
with permission.
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“‘opponents” color space. From (1),
1 = 0 = Black renrinted with permission
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Figure 5 Purple region of color space, showing the ISCC-NBS color names used
in Level 3 of the Universal Color Language. From (13), reprinted with permission.
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Figure 9. How information on a CIL Standard Hluminant, the object, and a CIE
Standard Observer are put together to obtain the CIE tristimulus values. From
Physics Today, © 1967 American Institute of Physics.
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Figure 14, Arrangement of instrument components in & ypical spectrophotometer,
From (1), reprinted with permission.
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Dyesfor plastics

[ Colour Index Plastic

Name Number Chemical Heat? Light* Material

character stability stability colored Special notes
Basic Violet 1 42535 Triarylmethane Poor 3 Methyl violet
Basic Violet 10 45170 Xantene Poor 3 Fluorescent,
Solvent Violet 11~ 61100 Anthraguinone Excellent Fair 16,8 Rhodamine B
Solvent Violet 12 61105 Anthraguinone Excellent  Excellent 168 Also Disperse
Solvent Violet 13 60725 Anthraguinone Excellent  Excellent 1578 Violet 1
Solvent Violet 14 61705 Anthraguinone Excellent  Verygood 157 Also Disperse
Solvent Violet 26 62015 Anthraguinone 7
Solvent Violet 37 Excellent 1,7
Solvent Violet 38 Anthragquinone 1,257 Fluorescent
Acid Blue 7 42080 Triarylmethane 3
Acid Blue 27 61530 Anthraguinone 3
Basic Blue 26 44045 Triarylmethane 3
Disperse Blue 3 61505 Anthraguinone Excellent Fair 1,7,8
Solvent Blue 11 61525 Anthraguinone Excellent Excellent 2,35,7,10
Solvent Blue 12 62100 Anthraguinone Excellent 5
Solvent Blue 22 49705 Indophenol 7
Solvent Blue 35 Anthraguinone Very good Excellent 3,5,7,8
Solvent Blue 36 61551 Anthraguinone Excellent  Verygood 1,257
Solvent Blue58 Anthraguinone Very good Excellent 7
Solvent Blue 59 61552 Anthraguinone Excellent Excellent 7
Solvent Blue 70 74400 Phthal ocyanine Very good Fair 6,7,8



Table 2 ('Contiuned)

Colour Index
Name Number
Table 2
(‘Contiune
Plastic d)
Heat® Light® Materia
Chemical character stability stability colored Specia notes
Solvent Blue 101 Anthraguinone Excellent 258
Solvent Blue 104 7
Acid Green 25 61510 Anthraguinone 3
Solvent Green 3 61565 Anthragquinone Excellent Excellent 1,245,7
Solvent Green 4 45550 Xanthene Excellent Fair 1,78 Also Fluorescent
brightener 74
Solvent Green 5 59075 Anthraguinone Excellent Excellent 1,78 Fluorescent
Solvent Green 20 Anthraguinone Excellent 1,2,5,6
Acid Yellow 7 56205 Aminoketone 59 Fluorescent
Acid Yellow 36 13065 Monoazo 3
Disperse Yellow 13~ 58900 Anthraguinone Excellent Poor 1,78
Disperse Yellow 23 26070 Disazo 1,7
Disperse Yellow 49 17
Disperse Yellow 50 1,7
Disperse Yellow 54 47020 Quinoline 17
Solvent Yellow 14 12055 Monoazo Good Good 1,3,5,7,10
Solvent Yellow 16 12700 Monoazo Fair Excellent 3,5,7,8,10
Solvent Yellow 18 12740 Monoazo 7
Solvent Yellow 19 13900A Monoazo Fair Good 78
Solvent Yellow 21° 18690 Monoazo Excellent Excellent 78
Solvent Yellow 29 21230 Disazo 7
Solvent Yellow 30 21240 Disazo Excellent Good 1,2,6,7
Solvent Yellow 33 47000 Quinoline Very good Good 14579
Solvent Yellow 43 1,245,7 Fluorescent
Solvent Yellow 44 56200 Aminoketone 1 Fluorescent
Solvent Yellow 46 11021 Monoazo 1,357
Solvent Yellow 71 Excellent Excellent 7
Solvent Yellow 72 Excellent Excellent 7
Solvent Yellow 77 11855 Monoazo Good Good 1,78 Also Disperse
Yellow 3
Solvent Yellow 93 Monomethine Excellent Excellent 1,2,7,8
Solvent Yellow 98 78 Fluorescent
Solvent Yellow 109 Anthragquinone 7 Fluorescent
Solvent Yellow 126 578 Fluorescent
Acid Orange 7 15510 Monoazo 3
Acid Orange 8 15575 Monoazo 3
Disperse Orange 25 1,7
Solvent Orange 2 12100 Monoazo 7
Solvent Orange 5 18754 Monoazo 7.8
Solvent Orange 7 12140 Monoazo 3
Solvent Orange 31 77,78
Solvent Orange 54 12578 Trunsignals
Solvent Orange 60 Perinone Excellent Excellent 4578 Fluorescent
Solvent Orange 63 Xanthene 5 Fluorescent
Biigdies 5&d 7 45160 Xiiibere Excellent Poor 28
BagefReRed 13 45168 Kisibere Verygood  Fair 8
Disperse Red 1 11110 Monoazo Ecellent Fair 1,78
Disperse Red 4 60755 Anthraguinone 7
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Table 2 ('Contiuned)

Colour Index
Name Number
Table 2
(‘Contiune
Plastic d)
Heat® Light® Materia
Chemical character stability stability colored Specia notes
Disperse Red 7 11150 Monoazo 78
Disperse Red 13 11115 Monoazo Very good Fair 1,6
Disperse Red 60 60756 Anthraguinone Excellent 1,76
Disperse Red 121 3,7,8,10
Solvent Red 1 12150 Monoazo Fair Very good 357
Solvent Red 3 12010 Monoazo
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Colour Index

Colour Index Plastic
Name Number Heat® Light* Materia
Chemical character stability stability colored Special notes

Solvent Red 8 12715 Monoazo Vary good Fair 78

Solvent Red 19 26050 Disazo Good Vary good 1,357

Solvent Red 22 21250 Disazo Good Good 2,35,6,7

Solvent Red 23 26100 Disazo Vary good Good 357,10

Solvent Red 24 26105 Disazo Very good Very good 12,37

Solvent Red 26 26120 Disazo Good Very good 7

Solvent Red 27 26125 Disazo 3,5,7,10

Solvent Red 52 68210 Anthraguinone Very good Good 1,2,4,785

Solvent Red 105 Excellent 7

Solvent Red 111 60505 Anthraguinone Excellent Excellent 14578 Tailights

Solvent Red 118 15675 Monoazo Fair Fair 7.8

Solvent Red 138 Anthraguinone Excellent Excellent 1,78

Solvent Red 139 Anthragquinone Excellent Very good 1,78

Solvent Red 168 Anthraguinone 7

Solvent Red 169 Anthragquinone 1,2,5,7,9

Solvent Red 170 Anthraguinone 7

Solvent Red 171 Anthragquinone 7

Solvent Red 172 Anthraguinone Excellent Excellent 1,2,7,8

Vatred 1 73360 Indigoid Good Good 7.8 Slightly
fluorescent

Vat red 41 73300 Indigoid 5738 Fluorescent

Solvent Brown 1 11285 Monoazo 357

Solvent Brown 11 Fair Poor 2,35,7,10

Solvent Black 3 26150 Disazo Good Excellent 17

Solvent Black 5 50415 Azine Excellent Excellent 1,396 Alcohol
soluble
Nigrosine
SSB

Solvent Black 7 50415B Azine Excellent Excellent 3,6 For phenalic
molding
powder
Migrosine
base

Solvent Black 27 12195 Monoazo Vary good Fair 78

Fluorescent Coumarin Poor 7

Brightener 61

2 Fastness ratings:

Lightfastness-FadeOmeter Exposure

Time Rating

0to 20 hours Poor

20to 40 hours Fair

40 to 80 hours Good

80 to 160 hours Very Good

160 hours or more Excellent
Heat Stability

C Rating

150 or less Poor

150 to 200 Fair

200 to 260 Good

Above 260 Excellent

(1) Acrylonitrile-butadiene-styrene (ABS), () cellulose acetate, (3) phenolics, (4) polycarbonate, (5) polymethyl methacrylate,
(6) polypropylene, (7) polystyrene, (8) polyyinyl chionide- riid (PVC), (9) nylon, (10) polyester.
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I norganic pigmentsfor polypropylene

Common name Colour Index |
Name Number

Titanium dioxide, rutile, coated Pigment White 6 77891
Zinc oxide Pigment White 4 77947
Furnace carbon black Pigment Black 7 77266
Iron oxide Pigment Black 11 77499
Ultramarine blue Pigment Blue 29 77007
Cobalt blue Pigment Blue 28 77346
Chromium oxide green Pigment Green 17 77288
Lead chromate, coated

Lead molybdate, coated

Cadmium yellow Pigment Yellow 37 77199
Cadmium orange Pigment Orange 20 77196
Cadmium red Pigment Red 108 77202
Mercury-cadmium orange Pigment Orange 23 77201
Mercury-cadmium red Pigment Red 113 77201
Titanium yellow Pigment Yellow 53 77788
Red iron oxide Pigment Red 101 77491

e 72 J gl & poandl U AL

Organic pigmentsfor polypropylene

Colour Index

Common name Name Number
Quinacridone violet Pigment Violet 19 46500
Carbazole dioxazine violet Pigment Violet 23 51319
Perrindo violet Pigment Violet 29 71129
Phthal ocyanine blue Pigment Blue 15 74160
Metal- free phthalocyanie Pigment Blue 16 74100
Indanthrine blue Pigment Blue 22 69810
Phthal ocyanine green Pigment Green 7 74260
Phthal ocyanine green, brominated Pigment Green 36 74265
Diarylide yellow AAOA Pigment Yellow 17 21105
Diarylide yellow NCG Pigment Yellow 16 20040
Diarylide yellow AAOT Pigment Yellow 14 21095
Diarylide yellow HR Pigment Yellow 83 21108
Permanent yellow FGL Pigment Yellow 97 11797
Disazo fyellows Pigment Yellow 93, 94, 95, 128
Isoindolinones Pigment Yellow 109, 110

Flavanthrone yellow Pigment Yellow 112 70600
Anthrapyrimidone Pigment Yellow 108 68420
Diarylide orange RL Pigment Orange 37

Pyrazolone orange Pigment Orange 13 21110
Disazo orange Pigment Orange 31

Perinone orange Pigment Orange 43 71105
Anthanthrone orange Pigment Red 168 59300
Pyranthrone orange Pigment Orange 197 59710
Lihol rubine, Sr Pigment Orange 52 15850
Quinacridone red Pigment Violet 19 46500
Quinacridone red Pigment Red 122 73915
Thioindigo red Pigment Red 88 73312
Thioindigo red Pigment Red 198 73390
Disazo reds Pigment Red 144, 166, 220

Perylene red Pigment Red 149 71137
Perylenered Pigment Red 175

Perylene red Pigment Red 190 71140
Disazo brown Pigment Brown 23
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Inorganic pigmentsfor polyethlene

Properties”

Q >

2z 5 £ 3

Colour Index ‘§ % % Eq:g é

= - 5 9

Common name Name Numbeer ig 5 § g §-
Titanium dioxide, rutil coated Pigment White 6 77891 G G G G G
Zinc sulfide Pigment White 7 77975 G G G G F
Zinc oxide Pigment White 4 77947 G G G G G
Carbon black Pigment Black 7 77266 G G G G G
Iron oxide black Pigment Black 11 77499 F G G G F
Copper chromite black G G G G G
Utramarine blue Pigment Blue 29 77007 G F G F P
Cobalt aluminate Pigment Blue 28 G G G F F
Chromium cobalt aluminate G G G F F
Chromium oxide Pigment Greenl7 77288 G G G F F
Hydrated chromium oxide Pigment Green 18 77289 F G G G G
Ultramarine green 77013 G F G F F
Cadmium yellow Pigment Yellow 37 77199 G F G G G
Coated chrome yellow G G G G G
Titanium yellow G G G G G
Hydrated iron oxide Pigment Yellow42 77492 F G G G G
Cadmium orange Pigment Orange 20 77196 G G G G G
Coated molybdate orange G G G G G
Cadmium red Pigment Red 108 77202 G G G G G
Cadmium mercury red Pigment Red 113 77201 G G G G G
Ferric oxide Pigment Red 101 77491 F G G F F
Natural iron oxide Pigment yellow 42 77492 F F G F F
Natural iron oxide Pigment Red 101 77491 F F G F F
Sienna Pigment Brown 7 F F G F F
Brown iron oxide Pigment Brown 6 77499 G F G G G
Titanate brown G G G G G
Coated mica pearl F F G G F
Aluminum Pigment Metal 1 77000 G G G G F
Bronze Pigment Metal 2 77400 F F G G F

G =good, F =fair : p = poor.
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Table 4 Organic pigmentsfor polyethylene

Properties®
R
Colour Index L
Common name Name Numbeeer
Phthal ocyanine blue, red shade Pigment Blue 15 74160 GG G F G
Phthalocyanine blue, green shade Pigment Blue 15:3 74160 GG G F G
Phthal ocyanine green Pigment Green 7 74260 GG G F G
Phthal ocyanine green, brominated Pigment Green 36 74265 FG G F G
Diarylide yellow Pigment Yellow 17 21105 FF F G F
Diarylide yellows Pigment Yellow 93, 4, 5 GG G G G
Disazo orange Pigment Orange 31 FF F F F
Disazo brown Pigment Brown 23 FF F F F
Red Lake C (Ba) Pigment Red 53:1 15585:1 FP F G F
Pigment Scarlet Pigment Red 60:1 16105:1 GG G F G
Permanent Red 2B (Ba) Pigment Red 48:1 15865:1 GG G F G
Quinacridone magenta Pigment Red 122 73915 GG G F G
Quinacridone violet Pigment Violet 19 46500 GG G F G
Perylene red Pigment Red 123 71140 FF G G G
Perylenered Pigment Red 179 71130 FF G G G
Perylene red Pigment Red 149 71137 FF G G G
Perylene, nitrogen free FF G G G
Disazo red Pigment Red 144 GG G G G
Disazo reds Pigment Red 146. 166,
220, 221

Aluminalake Acid Blue 4 73015 FF F G F
Aluminalake Pigment Red Red 172 43439:1 FF F G F
Fluorescents FF G G F

4G =good, F = fair, P = poor
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