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Objetivo y alcance de |la educacion
del color

Esta presentacion de Educacion del color proporciona conceptos
fundamentales de color y apariencia para que los use cualquier
persona que eduque a estudiantes, profesionales y
organizaciones.

El alcance de la presentacion cubre la colorimetria con
definiciones e imagenes seleccionadas por los miembros del
Comité de Educacion de la Sociedad de Ingenieros de Plasticos
(SPE) - Junta Directiva de la Division de Color y Apariencia
(CAD) que mejor representa la teoria y la practica utilizadas en la
coloracion de plasticos actual. industria.
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Secciones | - VI de Educacion del
color

Ciencia del color

Color y apariencia

Métodos de prueba y medicion del color
Colorantes para plasticos

Plasticos (polimeros)

Definiciones
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Seccion IV — Colorantes para Plasticos
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Seccién IV — Colorantes

/

asticos

Colorantes para p

Polvos finos
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Colorantes por funcion

Pigmento Orgadnico de Absorcion
(Cromdforo) Pigmento B
Tinte de iva — Insoluble
Toner =
Tinte solvente __ Soluble
Colorante Disperse |
Pigmento inorgdnico
Oxidos metdlicos

Insoluble

Pigmento de Color Inorgdnico Complejo (CICP)

Pigmento de Efecto interferencia (inorgdnico)
Reflecting Metallic Pigment (inorgdnico) } Insoluble
Brillo dptico de conversion de arriba (orgdnico) } Soluble
Colorante fluorescente (orgdnico)

Pigmento fluorescente (orgdnico) } nsoluble
Fosforescente (inorgdnico)
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Colorear - Nomenclatura
== CAS

W . DIVISION OF THE

AMERICAN CHEMICAL 5OCIETY

SOCiety Of dyefs Columbus, Ohio
and colourists &%

HMECHA

EUROPEAMNM CHEMIC ALS AGENC

U.S. FOOD & DRUG

ADMINISTRATION

Nombre del indice de color--------- C.l. Pigmento Rojo 57:1
NuUmero de indice de color ------- C.1. 15850:1

Abstractos quimicos --------- CAS# 5281-04-9

Inventario Europeo --------- EINECS 226-109-5

FDA de EE. UU. -------cmmmmmmmmeeeee D&C Rojo 7

Nombre industrial ------------- calcio mono-azo, rubine lithol
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Colorantes — Forma de particula

0 S

SPHERE CUBE BLOCK PLATE FLAKE H
TYPICAL ASPECT RATIOS FOR PARTICLE SHAPES NEEDLE IRREGULAR
1 ~1 1-4 4-30 80-200 20+ VARIOUS
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Colorantes — Particulas Primarias

Microscopio Electrénico de Transmision 100K x 9
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Colorantes — Tamafo de particula

nandémetro, submicrones

\

(

\

0.0001 nm 0.01 nm 1Onm 1000 nm 0.01 cm 1 cm 1 m 100 m
L 1 I I ] 1
Gamma rays X-rays Ultro- Infrared Radio waves
violet
Radar TV FM AM
Visible light

400 nm

500 nm

600 nm

700 nm

10



Seccién IV — Colorantes

Colorantes — Parametros fisicos

Absorcion de aceite  (OA)
Superficie (SA)

Volumen de pigmento (PVC)
Concentracion

Tamafio medio de particula (D)

Distribucion del tamano de las
particulas

Forma de particula
Textura
Tratamiento superficial

Solubilidad parcial
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Contenido de humedad
Conductividad

Indice refractario

pH

Viscosidad

Nucleating

Estabilidad del cizallamiento
Inercia

Dureza

Densidad

(%)
(mMMHOs)
(RI)

(n)

(Mohs)

11
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Colorear - Textura

Agregados Aglomeracion
(Nibs de tamafno grande) (Textura mas suave) ;
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Tintes de dispersibilidad

particula primaria

primary particle

primary particles
Bo % 4 ¢
0 %) ﬂ/_
Aglomerado agglomerate agglomeration by

physical interactions
'\/
adhesion =

of primary particles
Agregado aggregate new formed particle

(agglomerate)
2
sintered body g? J (aggregate)
(crystal structure) @ %
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Colorear - Dispersion
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Steps in Pigment Dispersion

Dry Pigment
Agglomerate ()

= Wetting
Size
Reduction
Intimate %
= wetting %
Easily wetted pigment Difficult wetting pigment

in good wetting resin in poor wetting resin

14
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Colorantes — Dispersados

>
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Tintes

Colorantes de absorcion
(Cromoforos)

e,

16
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Coloracion - Absorcion

Additive Colorimetry Subtractive Colorimetry
Color aditivo color restiv

0+0-0

+

-~

0+0-=~
0+0-0
0+0-0
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Colorantes — Interaccion con la luz

Refraccion

Refraction

Absorcion
Dispersion Absorption
scattering
o
A

Jscattering
- Dispersion

Reflexidon

https://allaboutaerosol.com/optical-properties/

18
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Colorantes — El tamano afecta

Particle
Smaller Size Larger
Change

YeIIO\A-
Yellower Orange Red-
| Greener Yellow Redde-
m Redder
Violets
Bluer White Yellow

Gray MT/Blue Tint
Redder/Darker

* Quinacridones usually go bluer when smaller and yellower when larger 19
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Colorantes — Descripcion general

Organica Inorganicos
* Tamano de particula mas * Mayor tamano de particula
pequeno « superficie inferior

* superficie mas grande « Opaco

* Transparente * Estabilidad térmica

e Estabilidad térmica e Generalmente alta

* Rango variable * Luz y tiempo

* Luz y tiempo e Generalmente alta firmeza

* Rango de resistencia variable
*Altar

* Earthtone y pastel
| cromay al tinte 2

20
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Colorantes — Pigmento Organico

v Naphthols ™.
4 .~ Naphthols 3 |
Acetoacetarylides

Monoazo
/ T Arylide —

S
Az0O _-(-N=N-)- ——— Naphthanilides

Types Azo Condensation

Insoluble metal salts of acid dyes

Diarylides
Disazo H
(N=N-)-  ~(-N=N-)- Pyrazolones H/ﬁj

o O

21
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Colorantes — P|gmento Orgéanico
‘ Qw?

Phthalocyanines

— Triphendioxazine
Miscellaneous— Metal Complexes

C.I. Pigment Red 202 ( Redy

Quinacridone

Basic Dyestuff Complexes
Carbon Black )
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Colorantes — Cristalinidad

Fase cristalina (polimorfismo)

4000
a = sombra roja (inestable)
] S = tono azul
3000 1 y = tono rojo

2000 -

Counts

1000 -

2-Theta Angles (deg.)

PV19: Fases alfa, beta y cristal gamma

23
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C.l. Pigment Red 57

C.l. 15850
CHs

Hue

Chemical Class
Discoverer

First known product

Hue Bluish red

Chemical Class Monoazo

Discoverer R Gley and O Siebert 1903

First known product Lithol Rubine [FIAT] SO@:]

CAS (see note p_ vii) 5858-81-1 _N.

EU No. (see note p. vii) 227-497-9 N H
QT

COONa
—
C.l. Pigment Red|5?:1| C.1. 15850:1
CH,

Red (tint pale reddish violet)
Monoazo

R Gley and O Siebert 1903
Lithol Rubine [FIAT]

CAS (see note p. vii) 5281-04-9 N
EU No. (see note p. vii) 226-109-5 N "H
904
S03(';Ca)
C.l. Pigment Red 57:2 C.l. 15850:2
CHs
Hue Bluish red
Chemical Class Monoazo
Discoverer R Gley and O Siebert 1903
CAS (see note p. vii) 176852-98-1 803(1,{53';]
EU No. (see note p. vii) 241-806-4 N
N™ ~H

904

S03(1-Ba) 24
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Colorantes — Estabilidad de la luz

Dias antes

Clase quimica Indice de color Desvanecimiento notable
Monozao Red Ba Salt P.R.53:1 4

Monoazo Red Sr Salt P.R. 48:3 15

Diarylide Orange P.O.34 24

Diarylide Yellow PY. 13 88

Monoazo Red Ca Salt P.R. 48:2 88

Monoazo Yellow Ca Salt PY. 62 162

Isindoline Yellow PY. 139 236
Azocondensation Yellow PY. 93 580

Quinacridone PV. 19 > 1000

Light Stability 0.2% Pigment with 2% TiO2 in PVC, Daylight in Northern Europe 25
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Colorantes — Estabilidad del calor

Clase quimica Indice de color

Monozao Red Ba Salt P.R.53:1 300
Monoazo Red Sr Salt P.R. 48:3 250
Diarylide Orange P.O. 34 200*
Diarylide Yellow PY. 13 200*
Monoazo Red Ca Salt P.R. 48:2 230
Monoazo Yellow Ca Salt PY. 62 230
Isindoline Yellow PY. 139 250
Azocondensation Yellow PY. 93 280

Quinacridone PV. 19 300

Heat Stability 0.1% Pigment with 1.9% TiO2 in LDPE 26
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Colorantes — Resistencia a la migracion

Monozao Red Ba Salt P.R.53:1
Monoazo Red Ba Salt P.R. 48:1 No
Monoazo Red Ca Salt P.R. 48:2 Yes
Monoazo Red Sr Salt PY. 48:3 Yes
Diarylide Yellow PY. 13 Yes
Monoazo Yellow Ca Salt PY. 62 No
Isindoline Yellow PY. 139 No
Benzimidazolone Yellow PY. 151 Yes
I Quinacridone PV. 19 No
27
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Tintes - Warpage

Clase quimica Indice de color Tendencia a la

nucleacion

Monoazo Red Ca Salt P.R. 48:2 No
Monoazo Yellow Ca Salt PY. 62 Yes
Yellow PY. 138 Yes
Benzimidazolone Yellow PY. 151 No
Quinacridone Slight
Phthalocyanines Yes

. ) S . 28
www.ptonline.com/articles/injection-molding-the-causes-of-warpage
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Colorantes — Pigmentos Inorganicos
v Rellenos

Precipitated Pigments ZnS, Ce,S;, PbCrO,, CdS

Pyrolysis Pigments Fe,0,, Mixed Metal Oxides, Spinels

Fillers BaSO,, CaCO,

Células de la Unidad
(Jaulas y racimos)
Algunos pigmentos de metales pesados
han sido eliminados gradualmente de uso

30
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Colorantes — Pigmentos Inorganicos
v Rellenos

C.l. Pigment Red 101 C.l. 77491
Fe. O,
Hue Dull reddish orange — Dull yellowish red/Dull red — Dull bordeaux
Chemical Class Inorganic
Classical Name Red Haematite
First known product Bauxite Red/Chinese Red
CAS (see note p. vii) 1309-37-1
EU No. (see note p. vii) 215-168-2
CPMA No. 3-06-7
| | | | | | |
1 1 1 1 1 1 1
C.l. Pigment White 22 C.L.77120
Barium sulfate BaSO,
Hue White
Chemical Class Inorganic
Classical name Barytes
CAS (see note p. vii) 7727437

EU No. (see note p. vii) 231-784-4

31
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Colorantes — Tintes

Colorantes solventes / Tintes de dispersion

* Solubilizar en el polimero (PET, PS, etc.)
* Alto coeficiente de extincion molar

. (muy cromatico)

* Transparente

* Dispersion de luz baja a nula

* Potencial de sangrado (migracion)

 Alta resistencia al calor, la luz, el clim~
(solo masstone transparente)

32
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Colorantes — Tintes

COLOR &
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C.l. Name C.l. Number

SY.163 58840
SY.114 47020
) . SV.13 60725
* Anthrapyridone * Pirazolone
) ) ) S.R.52 68210
* Antragquinona * Quinoleina
_ S.R.179 564150
* Azo * Quinophthalone
S.R.135 564120
° H H °
Nigrosine Xanthene 5.0.60 564100
* Perinone 5.G.3 61565
S$.B.35 61554
S.B.104 61568
D.B.60 61104
C.l. Solvent Blue 35 C.l. 61554
Hue Bright greenish blue (NC lacquer) (9] H“‘N’(CH2)3CH3
Chemical Class Anthraquinone

CAS (see note p. vii) 17354-14-2
EU No. (see note p. vii) 241-379-4

O _N
H™ S(CH3)3CH3

33
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Colorantes - Interferencia

Efectos, Perlado

&£ { N
.o

Effect Pigment interference

34
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Colorantes - Interferencia
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C.l. Pigment White 20 C.1. 77019
Aluminium potassium silicate H,KAI,(SiO,),

Hue Off white

Chemical Class Inorganic

Classical Name Mica

CAS (see note p. vii) 12001-26-2

7

“f
- l:“".

o
N

P g

&

1-15um 5-25um 10-60pum 15-70pum 10-100pm 40-200pm

f 3 m / o~ \ 3 .“ A \ . .- -
4 ____________________________________________________________________________________
Aumento de la ocultacion/opacidad
35
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Colorantes - Interferencia

TiO,
SI=E=—1—01—1— 01— B
Plata Oro Naranja Rojo Violeta Azul Verde
_________________________________________________________________________ >
Aumentar el grosor de TiO2
Fe,O4
TiO,
—— E— ica
Oro ligero Oro Oro rojo
Efecto de viaje de color y color
Fe,O4
Mica
S— =] | o—

Bronce Cobre Marron

Efecto metalico .
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Colorantes - Metalicos

Reflejando

37
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Colorantes — Metalicos

I Tipo de pigmento m Método de fabricacion

Combustion controlada,

Pigmentos elementales Aluminio Descomposicion
Cinc térmica/mecanica,
Bronce Procesos de deposicidon
metallrgica

Cornflake Doélar de Plata

38
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Colorantes — Meta

ICOS

COLOR &
APPEARANCE

231-175-3

C.l. Pigment Metal 1 C.l. 77000
Aluminium Al
Hue Coloured with Basic dyes
Chemical Class Inorganic
Classical Name Metallic aluminium
CAS (see note p. vii) 7429-90-5
EU No. (see note p. vii) 231-072-3
C.l. Pigment Metal 2 C.l. 77400
Copper Cu
Hue Copper, Bronze
Chemical Class Inorganic
First known product Copper, Bronze powder
CAS (see note p. vii) 7440-50-8
EU No. (see note p. vii) 231-159-6
C.l. Pigment Metal 6 C.l. 77945
Zinc Zn
Hue Grey
Chemical Class Inarganic
Classical Name Zinc
First known product Zinc, Zinc dust
CAS (see note p. vii) 7440-66-6
EU MNo. (see note p. vii)

39
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Colorantes — Blanco

Inorganicos

d ~ 280 nm d~ 10 nm

Nano TiO,
) Weak scattering of
Opaque TiO, visible light
Optimal scattering of Strong UV absorption
visible light
Weak UV absorption

Optical properiies of cpague and nano-sized Ti02 particles.

https://knowledge.ulprospector.com/6818/pc-transparent-inorganic-pigments-titanium-dioxide-iron-oxide/ 40
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Colorantes — Blanco

COLOR &
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C.l. Pigment White 6

Hue

Chemical Class

First known product
CAS (see note p_ vii)
EU No. (see note p. vii)

Chalk white
Inorganic
Titanium dioxide
13463-67-7

236-675-5

C.l. 77891
Titanium dioxide TiO,

Rutile

41
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Colorantes — Blanco

Opacidad relativa de los pigmentos blancos en plasticos

100
Rutile TiO2
2.8)
P~ 0 Anatase TiO2
S (2.6)
]
= S
S = Zinc Sulfide
O ; 2.4)
=
= = 40—
< =
= a Barium Sulfate
§ ~ (1. 6)
20 [ Calcium Sulfate Zinc Oxide
(1. 6) 2.0)
Calcium Carbonate [1*1;]510130110
0 [a.s | (185) | |
1.4 1.6 1.8 2.0 2.2 24 2.6 28

REFRACTIVE INDEX

indice de refraccidon 42
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Colorantes — Negro

Organica

1-3 nm

~0,35 nm

1-2 nm

v

43
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Colorantes — Negro
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C.l. Pigment Black 7

Hue Deep Brown/Blue/Grey — Deep black
Chemical Class Inorganic

Classical name Lamp black

First known product Carbon black

CAS (see note p. vii) 1333-864

EU No. (see note p. vii) 215-609-9

C.l. 77266
Almost pure carbon

44
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Colorantes — Negro

Typical performance properties of Carbon Blacks may be represented as follows:

Particle Size ‘ .. Low Structure High

B Grayer Masstone Darker - B Lower Oil Absorption/Viscosity Higher .
P Weaker Tinting Strength Stronger B Higher Loading Capacity Lower o
) Bluer Tinting Undertone Browner o P Harder Dispersibility Easier -
B Lower Oil Absorption/Viscosity Higher - Higher Gloss Lower

= Easier Dispersibility Harder L B Lower Electrical Conductivity Higher o

Slightly stronger Slightly weaker

- Lower Electrical Conductivity Higher - > and browner Color and bluer

Large

Particle Size

Small

45
Low Structure High
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Colorantes — Negro

Inorganicos

COLOR &
APPEARANCE

C.l. Pigment Black 26

Hue

Chemical Class

First known product
CAS (see note p. vil)
EU No. (see note p. vii)
CPMA No.

Black

Inarganic

Manganese Ferrite Black Spinel FC
68186-94-7

269-056-3

13-41-9

C.l. 77494
(FeMn), (FeMn),O,

46
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Colorantes — Fluorescentes
— Fosforescente

COLOR &
APPEARANCE

Regular Light

Black Light

Premo Premo
Translucent White Translucent

The Blue Tottle “Tree.com
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Colores - Emisiones

A i
Singlet . !
excited state J‘i ¥
.l,'l. ""’-.,,.
%
H Triplet
: excited state
¥
Absorbance
Phosphorescence
Fluorescence
W h 4
s VI T
v v
Ground state v v
Excitation Emission

Jablonski diagram illustrating different transitions between a molecule’s energy states.

Fluorescencia - emisiones en nanosegundos
Fosforescencia - emisiones en milisegundos y superiores

48
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Colores - Emisiones

Absorcion fluoresencia fosforesencia
Absorption Fluorescence
B Phosphorescence
Relative Intensity \
intensidad relativa
200 300 400 500 600

Wavelength (nm)
Onda (nanémetro) 49
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Colorantes - Fluorescentes

Organica

Tipos de clase OBA (soluble)
* Triazina estilbeno

« Cumarinas | —

* Imidazolinas \

* Diazoles

* Triazoles w ®
» Benzoxazolinas

* Bifenilo stilbenes
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Colores - Fosforescente

7/ )

C.l. Pigment White 7 C.L. 77995
Zinc sulfide ZnS.H,0

Hue White

Chemical Class Inarganic

Classical name Zinc Sulphide White

CAS (see note p. vii) 1314-98-3

EU No. (see note p. vii) 215-251-3

51
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Colorantes — Cambio de color

e Termocromico

Acid
° N
e Acidocromo -

e Geocromatico

Interior Al aire libre

* Fotosensibles door | outdoor

52
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Colorantes — Consideraciones

Color y efecto
Aplicacion
Adecuacion de polimeros
Estabilidad térmica
Formulaciones de interacciones
Luz interior / exterior / Tiempo
Rendimiento
Resistencia a la migracion
Dispersion (fibras de aumento de presion)
Tamafo de particula (transparencia de la pelicula)
Distorsion (nucleacion)
Cumplimiento
Comida
Juguete
Médico

53
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Colorantes — Formularios de Entrega

_________ _Formas Comentario

Pigmento seco Forma mas comun
Concentrar Pre-disperso en un polimero
(SPD — Dispersion de pigmento uUnico) (ejemplo — Polietileno)

Pre-disperso en un fluido

Liquido
(ejemplo — aceite mineral)
Pacificacion de superficies
Pegar
(ejemplo — aluminios, aceite mineral)
Pacificacion de superficies
Pellets

(ejemplo — aluminios, polietileno)

54
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Fin Seccion |V — Colorantes

55



. )
WCOLOR &
. APPEARANCE

La informacion de esta presentacion se proporciona de buena
fe con base en la tecnologia, la experiencia y los
conocimientos actuales que se consideran verdaderos. La
Division de Color y Apariencia (CAD) de la Society of Plastics
Engineers (SPE) no ofrece garantia ni asume responsabilidad
de ningun tipo, expresa o implicita, con respecto a esta
informacién. CAD y / o SPE no asumen ninguna
responsabilidad por ningun procesamiento o combinacion
posterior de ningun recurso o material con el fin de producir
compuesto (s) o articulo (s) terminado. CAD o SPE tampoco
implican que esta informacion pueda sugerir ninguna garantia
legalmente vinculante de ciertas propiedades o idoneidad
para un proposito especifico. Es responsabilidad de quienes
usan esta informacion asegurarse de que sus acciones
cumplan con los derechos de propiedad y / o las leyes o leyes
existentes.

Descargo de responsabilidad

56




Créditos WX%SARR%CE

Presidentes / colaboradores anteriores

Robert Charvat, Colorants — Pigments and Dyes
Steve Goldstein, Inorganic - Organic Pigment Particles
Jack Ladson, Color Science Consultancy

Betty Puckerin, Ampacet Corporation

Comité de educacion
» Earl Balthazar, Datacolor
* Breeze Briggs, BASF Colors and Effects
» Steve Esker, Paramount
« Jack Ladson, Color Science Consultancy
* Bruce Mulholland, Celanese
» Alex Prosapio, Sudarshan
Betty Puckerin, Ampacet Corporation
Elizabeth Serdar, Omya
« Mark Tyler, Silberline
Brian West, Techmer PM
Kimberly Williamson, Techmer PM
Michael Willis, Sun Chemical, Education Committee Chair

57




